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PREFACE. 


In  lecturing  in  the  Veterinary  Department  of  the  Univer- 
sity of  Pennsylvania  the  author  has  found  it  a  serious  disad- 
vantage that  the  students  are  compelled  to  rely  solely  on 
the  notes  that  they  may  be  able  to  take  during  the  lectures. 
While  French  students  have  access  to  the  encyclopaedic  work 
of  Colin,  and  those  familiar  with  the  German  language  to  the 
admirable  works  of  Schmidt-Miilheim,  Bruckmiiller,  Munk, 
Ellenbei-ger,  Gurlt,  Thanhoflfer,  Miiller,  and  others,  English- 
speaking  students  have  absolutely  no  work  to  which  they 
can  turn  to  obtain  any  application  of  the  laws  of  physiology 
to  the  functions  of  the  domestic  animals.  Commenced 
originally  as  outline  notes  for  the  author's  own  use  in 
lecturing,  this  work  has  been  published  at  the  request  of  his 
students,  in  the  hope  that  it  may  supply  them  with  an 
exponent  of  the  laws  of  modern  physiology  applied,  as  far 
as  possible,  to  the  functions  of  the  domestic  animals,  and 
that  a  recognition  of  its  shortcomings  may  stimulate  inves- 
tigation of  this  much-neglected  branch  of  physiologj'. 

It  is  surprising,  in  view  of  the  ceaseless  activity  of 
physiological  students  throughout  all  the  world,  that  more 
attention  has  not  been  devoted  to  the  application  of  improved 
methods  of  research  to  the  study  of  the  functions  of  animals 
so  important  in  the  domestic  e(M)nomy.  Unfortunati^ly, 
investigators  in  this  domain  may  almost  be  counted  on  the 
fingers,  and  the  field  which  is  yet  untouched  is  ahnost 
unbounded.  The  author,  therefore,  has  been  compelled  to 
assume  that  in  many  cases  the  laws  of  the  physiology  of 
man,  which,  to  be  sure,  have  been  deduced  from  experiments 
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VI  PEEFACE. 

on  animals,  are  applicable  to  the  vital  processes  of  the 
domestic  animals. 

Modern  physiology  rests  on  the  application  through 
experimental  research  of  the  laws  of  physics  and  chemistry. 
The  fundamental  principles  of  these  sciences  in  their  relation 
to  biology  have  been,  therefore,  discussed  somewhat  at 
length.  Experience  has  taught  that  a  comprehension  of  the 
laws  of  life  in  the  higher  mammals  is  best  attained  after  a 
familiarization  with  the  vital  operation  of  lower  forms.  The 
first  part  of  this  book,  therefore,  deals  with  the  general  laws 
of  life,  while  in  the  second  part  these  principles  are  applied 
to  the  study  of  the  vital  operations  in  the  domestic  animals, 
the  study  of  each  function  being  introduced  by  a  sketch  of 
the  mode  of  development  of  the  mechanism  by  which  that 
function,  in  passing  from  lower  to  higher  forms,  is  accom- 
plished. 

As  far  as  possible  the  author  has  acknowledged  in  the 
text  his  indebtedness  to  various  authorities  for  the  matter 
or  manner  of  his  subject,  though  references  to  publications, 
as  tending  to  confuse  the  student,  have  been  omitted. 

For  illustrations  the  author  is  indebted  to  the  liberality 
of  the  publisher,  Mr.  Davis,  and  to  Messrs.  Blakiston  and 
H.  C.  Lea  &  Co.,  of  Philadelphia ;  Appleton,  Wm.  Wood  &  Co., 
and  Macmillan,  of  New  York;  Ferdinand  Enke,  Stuttgart; 
Engelmann  and  F.  C.  W.  Vogel,  Leipsic;  Paul  Parey,  Berlin; 
W.  Braumiiller,  Vienna;  Carl  Winter,  Heidelberg;  Hachette  & 
Cie,  Bailli^re  &  Fils,  Asselin  &  Cie,  Paris;  Simpkin,  Marshall 
&  Co.,  London ;  Moritz  Perles,  Vienna,  and  Hirschwald,  Berlin. 
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INTRODUCTION. 


Physiology  treats  of  the  functions  or  actions  of  living  beings. 

When  these  actions  or  functions  occur  in  a  disturbed  or  irregular 
manner,  they  constitute  disease,  or  abnormal  life,  and  become  the  subject 
of  abnormal  physiology  or  pathology.  Normal  physiology  is  the  basis  of 
pathology,  and  a  knowledge  of  the  one  must  precede  the  intelligent  study 
of  the  other:  just  as  an  acquaintance  with  the  functions  of  the  com- 
ponent parts  of  a  machine  must  precede  the  recognition  of  disordered 
movement  and  the  provision  of  means  of  repair. 

Since  the  functions  of  the  animal  body  are  resident  in  the  various 
tissues  and  organs  of  the  body,  an  acquaintance  with  the  forms  and 
structure  of  those  organs  and  tissues  must  precede  the  study  of  their 
functions.  The  study  of  anatomy  and  histologj^,  or  microscopic  anat- 
omy', must  therefore  precede  the  study  of  physiology. 

General  Physiology  treats  of  the  functions  of  organized  beings  in 
an  abstract  manner, — that  which  regards  the  general  laws  of  life,  whether 
«een  in  the  animal  or  vegetable  world.  Although  for  the  purposes  of 
practical  life  physiology  is  divided  into  several  provinces,  yet  the  knowl- 
edge of  general  physiology  is  essential  even  to  special  students,  since 
the  relation  between  the  different  forms  of  life  is  very  close. 

Vegetable  Physiology  is  concerned  solely  with  the  consideration 
of  the  vital  actions  or  functions  of  plants. 

Comparative  Physiology  treats  of  the  functions  of  animals  below 
man,  with  a  consideration  of  the  means  by  which  different  functions  are 
accomplished  by  different  animal  forms. 

Special  Physiology  is  confined  to  the  consideration  of  the  vital 
phenomena  of  a  single  species,  single  genus,  or  it  ma^-  deal  "with  the 
consideration  of  a  special  function.  In  this  book  special  physiology 
will  refer  mainly  to  the  study  of  the  vital  phenomena  of  the  domestic 
animals. 

Human  Physiology  treats  exclusively  of  the  vital  phenomena  of 
man.  But,  while  this  branch  of  physiology  is  of  greater  importance  to 
the  physician  than  the  other  divisions,  in  consequence  of  its  relations 
to  human  pathology  and  therapeutics,  it  should  not  be  made  the  exclu- 
sive subject  of  study ;  for  the  ph^^siology  of  man  cannot  be  properly 
understood  without  a  previous  acquaintance  with  the  vital  phenomena  of 
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the  lower  animals  and  plants.     For  the  veterinary  pbysician  the  studj 
of  life  in  the  domestic  aniraak  mut^t  be  of  the  greatest  importance. 

Every  living  l>ody  is  organized, — that  is.  composed  of  instrumeDtS 
Of  organs  each  one  of  which  is  destined  to  fnlJill  some  special  oftiee  in 
Ike  organism  called  its  function^  the  sum  of  which  functions  coui?titute 
ttie  life  of  the  individuaL  Other  bo<lies  met  with  in  nature,  and  not  so 
constituted,  are  cslled  tmorganized,  or  inorganic,  e,g,,  the  mineral. 

Di«Ti?«<7rto:«sBrrwEE!f  Oe<ianizedand  Unoieoanized  Bodies. — Organ- 
isetl  and  unorganized  bodies  have  few  or  no  correlative  points,  but  stand 
Oppott0cl  to  each  other  in  almost  every  characteristic  trait. 

VnorgftCdEed  matter  is  only  subject  to  the  forces  whose  generality 
of  aeiicHi  ocwMrtltutes  physical  and  chemical  laws.  Organized  matter  Is 
aIho  controlled  lo  a  certain  extent  by  the  same  laws,  and,  although  there 
tarn  •  giPeat  tnany  actions  manifested  by  living  bodies  whicli  are  not 
fMdilj  explicable  by  the  ordinary  physical  laws,  and  for  which  the  term 
*•  rital  plicflOflDeiia "  is  conveniently  employed,  it  does  not  by  any  means 
follow  ttei  we  have  here  to  deal  with  any  entirely  distinct  series  of  laws. 
Tlie  att^npt  lo  reduce  the  so-called  vital  phenomena  to  physical  and 
,  Iav9  has  already  succeeded  in  demonstniting  the  dei>endeuce,  on 
diemical  principles*  of  many  functions  previously  regaixled 
at  fMifdj  vital  in  nature,  and  the  hope  may  be  reasonably  held  for  con- 
in  this  dircctioM,  The  sdences  t>f  pliysica  and  chemistrj' 
I  ibe  foundation-stones  of  modern  physiology. 

K«v«itlidess,  organ iztnl  and  unorganirAni  matU*r  differ  to  snch  an 
AXtMt  that  ihtir  consideration  forms  entirely  distinct  branches  of  study. 
The  Ibrmi,  tbe  forces,  and  the  laws  of  unorganized  matter  are  the  sulv 
jacta  dBbnced  by  physics  and  chemistry.  Tlie  forms  and  forces  of 
Bvf^f  fprgAiilsecl    matter  arc  the  objects  of  physiological   science,  or 


Offgftiiic  l>odie«  differ  from  inorganic — 

I,   /it  thtir   Oriffin, — The  former  spring  from  a  parent,  or  from 
rioo^ly-^^rinting  living  matter,  either  by  splitting,  budding,  seeds,  or 
r  have  no  such  origin,  but  may  arise  from  the  combina- 
,. ,  . ,.,  influence  of  chemical  affinity,  of  the  elements  which  com- 
Bi*     Spontaneous  generation,  though  claimed  by  some,  has  not 
fly  established. 

Fornu — Organized  bodies  are  usually  determinate 
dtnl  in  Ihelr  ontline,  and,  in  their  simplest  e^cpkreasio 
or  «phi  n   shape.     Unorganized  bodies,  on  tbe 

rriLu'rt:  _    r  Outline  (amorphous),  or,  if  determinate 

plane  surfaces  and  straight  lines. 

-ed  lx>dies  have  a  definite  tiine 
.,.  velopmeni  and  growtliy  and  olti- 
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mately  die.  But  the  inorganic  body  may  continue  to  exist  until  some 
disrupting  force  separates  the  inorganic  elements  of  wbieh  it  is  com- 
|Kised,  and  enables  them  to  form  new  combimitions ;  l>ut  so  long  as 
uninfluenced  by  such  an  agency  it  may  remain  unchanged  for  an  indefi- 
titte  period. 

4,  Size, — Organized  bodies  have  a  definite  limit  to  which  they  may 
attain,  varj^ng,  however,  among  individuals  of  the  same  species.  And 
vhen  tbey  exceed  the  average  size  of  the  species  it  is  not  by  the 
increased  size  of  the  individual,  but  by  the  couttnued  production  of  new 
individnals  or  a  repletion  of  parts  already  existing.  The  unorganized 
boiij*,  on  the  other  hand^  is  as  indeterminate  in  size  as  in  duration,  con- 
tinuing to  grow  so  long  as  fresh  imrticles  are  brought  together, 

5.  Chemical  Constitution. — Of  the  sixty -five  simple  elements  found 
in  nature  Imt  about  twenty  enter  into  tlie  composition  of  organized  boilies, 
and  of  these  but  four  are  to  !>e  regarded  as  essential,  viz.,  COJLX., 
of  which  at  least  two  are  found  in  every  organic  componncL  The  remain- 
ing elements  arc  called  incidental.  Unorganized  bmlies  may  l»e  simple  in 
their  composition,  or  binary,  ternary,  quaternary,  or  higher;  but  binary 
is  the  most  usual  combination. 

The  moleeular  constitution  of  the  organic  body  is  also  different 
from  the  inorganic  in  l>eing  much  more  complex,  both  in  the  number  of 
elements  which  it  contains  and  the  n timber  of  atoms,  or  combining 
equivalents  of  those  atoms,  which  exist  in  a  coml>ining  equivalent  of 
the  compound.  Thus,  albumen,  which  forms  an  important  constituent 
of  nearly  all  organized  bodies,  may  lie  represented  as  C^IImNeiOTOS, 
{S^hiitzenl^erge^),  while  ammonium  carbonate,  an  inorganic  compound 
containing  the  same  elements,  with  the  excel »tion  of  sulphur,  may  Ije 
written  as  follows:  (Xn4),C0,+  }l,0. 

From  the  large  number  of  elenuMits  which  enter  into  the  composition 
of  organic  bodies,  and  tlie  large  number  of  atoms  count  itnting  anorganic 
molecule,  arises  the  great  tendency  to  decunipusition  by  which  the^^  are 
eharacterized ;  for,  **  the  greater  the  number  of  atoms  of  an  element 
which  enters  into  the  formation  of  a  molecule  of  a  compound,  the  less 
is  the  stability  of  that  compound," 

Inorganic  compounds  arc  therefore  stable;  organic  bodies,  unstable. 

It  was  formerly  supposed  that  organic  comi>ounds  could  only  be 
formefl  under  the  influence  of  vitality,  and  that  they  could  Ixs  decom- 
posed by  the  chemist,  but  not  recom posed.  Bnt  this  has  liieen  shown  to 
be  an  error,  some  of  the  organic  acids,  alcohols,  organic  coloring  matters, 
and  some  of  the  secondary  organic  components,  such  as  uric  acid  and 
urea,  having  been  synthetically  prepared  by  the  chemist.  It  is  thought, 
therefore,  not  to  he  impossible  that  some  of  the  higher  organic  com- 
{K>undB,  such  as  albumen,  may  ultimately  be  also  made  in  the  same 
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manner,  thongh  thus  far  all  attempts  in  this  direction  hare  been  nnavail- 
ing.  All  those  compounds  which  have  as  j^et  been  made  bj'  synthesis 
are  allied  to  those  which  result  from  a  long-continued  series  of  chemical 
changes  in  the  organism,  produced  by  the  action  of  oxygen  upon  prod- 
ucts of  disintegration. 

6.  In  their  Mode  of  Orowth. — Organized  bodies  grow  by  assimila- 
tion,— the  internal  deposit  of  materials  by  which  the  unlike  become  the 
like.  Unorganized  bodies  grow,  or  increase  in  size,  by  external  deposit 
or  accretion.  The  organized  body  is  dying  from  the  moment  of  its  birth, 
and  requires  new  materials  to  repair  those  losses  and  for  the  increase  in 
size.  The  unorganized  body,  as  the  crystal  or  the  stalactite,  continues 
to  increase  in  size  so  long  as  fresh  particles  are  deposited  upon  it. 
Every  part  of  an  inorganic  body  is  therefore  alike  and  independent  of 
the  rest,  and  exhibits  the  same  properties  as  the  whole.  The  organized 
body,  on  the  contrary,  is  made  up  of  a  number  of  dissimilar  parts,  each 
of  which  is  more  or  less  dependent  upon  the  others,  and  each  of  which 
requires  different  materials  for  its  growth  and  reparation.  In  the  unor- 
ganized  body  a  small  portion  serves  to  determine  by  analysis  the  consti- 
tution of  the  whole  ;  in  other  words,  it  is  homogeneous.  In  the  organ- 
ized body  each  part  is  more  or  less  dependent  on  the  remainder,  and 
differs  from  it  in  chemical  composition  ;  in  other  words,  it  is  hetero- 
geneous. Organic  compounds,  moreover,  from  the  large  quantity  of 
fluid  they  contain,  are  usually  soft  and  ductile,  while  the  inorganic  body 
is  hard,  rigid,  and  inflexible,  and  when  once  the  atfinities  of  its  chemical 
elements  are  satisfied  it  remains  an  inert  mass.  Within  the  organized 
living  body  all  is  change.  Death  and  repair  are  ever  taking  place.  From 
the  commencement  of  its  existence  its  growth,  its  progress  toward 
maturity,  its  decline,  decay,  and  death  are  all  made  up  of  an  incessant 
series  of  changes.  It  is  the  constant  round  of  these  actions  which  con- 
stitutes life ;  their  study  is  the  subject  of  ph3'siology. 

It  is  thus  seen  that  organized  are  distinguished  from  unorganized 
bodies  by  three  cardinal  characteristics:  1.  The  lata  of  nutrition,  the 
most  fundamental  of  all  vital  laws ;  since  in  virtue  of  it  the  organism 
continues  to  exist  as  an  active  being,  and  increases  from  infancy  to 
maturity.  2.  The  law  of  development,  or  differentiation,  which  causes 
the  organism  to  pass  through  the  definite  cycles  of  change  constituting 
what  we  call  ages,  and  leading  inevitably  to  the  final  changes  which  we 
call  death.  3.  The  law  of  reproduction,  another  aspect  of  the  first  law, 
in  virtue  of  which  the  organism  gives  origin  to  similar  organisms  from 
one  generation  to  another. 

In  no  example  of  inorganic  matter  can  any  of  these  characteristics 
be  found.  When  inorganic  bodies  are  said  to  grow,  their  growth  is  a 
process  of  mere  aggregation,  one  part  adhering  to  another  similar  part. 
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TUe  growth  arises  from  no  internal  necessity,  as  in  organic  bodies.  The 
bulk  is  not  increased  by  a  process  of  assimilation  which  converts  the 
unlike  into  the  like.  Minerals  do  not  feed  ;  they  cohere.  Nor  have  they 
uny  power  of  ilevelopment.  They  pass  throu^li  no  definite  cycles  of 
change;  they  have  no  stages  of  growth,  no  ages,  no  power  of  repro- 
duction. 

The  constant  round  of  actions,  therefore,  in  the  organized  structure 
called  life,  in  them  10  wanting.  They  occupy  space,  but  have  neither 
birth  nor  death. 

Distinction  between  Plants  and  Animals. — Organized  bodies  are 
divide<l  into  two  classes, — antinnls  am!  vegetableK, — -eoiiKtitnting  two  sejK 
arate  kingiloms,  which,  though  capable  of  ready  recognition  when  studied 
in  their  big  her  members,  seem  almost  to  overlap  in  their  lowest  expres- 
sion. Hence,  while  the  difTerenccH  between  tlie  higher  animals  and  higher 
■•plants  are  so  striking  as  not  to  need  mention,  when  we  examine  the  lowest 
forms  of  life  the  greatest  dilhculty  will  sometimes  he  met  with  in  the 
attem[>t  to  decide  whether  the  organism  is  an  aninud  or  a  vegetable.  For 
when  tlie  protozoa,  or  lowest  itnimals,  are  com]mred  with  the  protophyta, 
or  lowest  plants,  all  tlie  differences  which  are  so  striking  between  the 
higher  animals  and  plants  are  cunipletely  wanting ;  yet  the  protozoa  are 
as  truly  animal  a^s  are  tiie  vcrtelirutji,  and  tlie  protuphyta  just  as  surely 
plants.  Consequently  tfie  dciiuition  of  an  animal  or  a  plant*  to  be  of  any 
scientific  value,  munt  inehnle  the  lowest  as  well  as  the  highest  forms. 
We  found,  in  our  comparison  of  organic  and  inorganic  matter,  tlint 
Ldifferences  in  form  could  l»e  clearly  miule  out.  The  external  cliarac- 
'teristics  of  plants  and  animals  are,  however,  inadequate  to  distinguish 
tbem«  Many  animal  forms,  such  as  the  hydrozoa,  are  essentially  plant- 
like  in  their  external  form,  growing  from  fixed  points  and  ei^en  repro- 
ducing themselves  by  "  budding /*— a  process  almost  universally  holding 
in  the  vegetable  kingdom.  So  also  the  well-known  coral  polyps  and  the 
sjionge  closely  resemble  plants  in  external  conJiguriition,  and*  though 
undoubtedly  animals,  were  long  placed  by  naturalists  in  the  vegetable 
kingdom. 

Then,  on  the  other  hand,  many  plants,  examined  in  respect  to  their 
external  form  alone,  would  often  be  confounded  with  animals.  Thus, 
the  genns  of  many  algfe,  the  ciliated  zoospores,  are  scarcely  to  be  dis- 
tinguished from  infusorial  animalcules. 

It  wfis  at  one  time  thought  that  the  power  of  motion  was  a  proof 
of  aniroality;  but  many  of  the  lowest  plants,  such  as  volvox  and  the 
diatoms,  possess  the  power  of  motion,  of  changing  their  location,  tiie 
instruments  being  the  same  as  in  many  animals,  viz.,  cilia*  Nor  is  the 
Lpower  of  moving  in  response  to  an  irritant  peculiar  to  animal  life : 
r witness  the  Mimom  pudica,  the  sensitive  i>lant,  which  closes  its  leaflets 
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on  imtation ;  the  Dionma  muscifnda^  the  Yen  us'  Fly-Trap,  the  extremities 
of  whose  leaves  hivve  the  power  of  closing  on  insects  or  other  bodies 
broQg-ht  into  contact  with  them.  Phints  are  also  posaessetl  of  internal 
motion:  witness  tbe  cirenlation  of  the  sap  and  the  circulatory  motions 
in  the  interior  of  many  vegetable  cells.  They  also  turn  8|>ontaneou8ly 
to  the  light  and  extend  their  rootlets  to  the  most  nutritive  soib 

Again,  all  animals  are  not  possessed  of  the  power  of  motion, 
Sponflfes,  coral  pidyp^ij  hydroid  zoophytes,  sea-mats,  etc,  are  entirely 
destitute  of  locomotive  power,  and  spend  their  entire  existence  rooted 
fast  to  some  immovable  object.  Hence,  the  possession  of  motor  power 
is  not  eharact**ristic  of  animal  life,  and  its  absence  does  not  prove  the 
organism  to  l>e  a  vegetable. 

Chemical  analysis  helps  us  but  little  more  in  the  attempt  to  dis- 
tinguish animals  from  vegetables.  Carbon  and  nitrogen  eomiK>unds  form 
a  large  proportion  of  the  constituents  of  each,  and  a  large  iunul>er  of 
complex  combinations  found  in  aniraal  tissues  are  represented  by  entirely 
similar  com[>ounds  in  vegetable  matter.  There  is  therefore  no  one  chemi- 
cal compound  whose  presence  is  chanicteristie  of  iininndity  or  vegetable 
nature;  for  *' cellulose/'  the  substance  out  of  which  wooil-fibre  and  tbe 
walls  of  plant-cells  arc  fonued,  has  been  ascertainetl  to  form  the  greater 
part  of  tbe  external  coverings  of  certain  molluscous  animals  (ascidiang). 
So  also  chlorophyll,  the  green  coloring  matter  of  plants,  is  the  cause  of 
tbe  green  color  of  many  infusorial  animalcules  and  of  Hydra  tnridis^ 
while  starch  has  been  fonnd  in  the  ventricles  of  the  brain  of  animals, 
iind  is  represented  by  glycogen,  a  body  closely  analogous  to  starch  and 
manufactured  V>y  tbe  animal  economy.  Such  examples,  therefore,  show 
that  chemical  examination  can  give  us  no  definite  aid  in  separating  plants 
and  animals. 

The  microscope  is  also  powerless  to  give  us  an  infallible  rule  which 
will  enable  us  to  distinguish  animal  from  vegetable  tissue.  In  other 
words,  plants  and  nninmls  nre  built  up  on  the  same  general  plan  ;  their 
intimate  structure  closely  coincides.  Both  originate  in  cells,  consisting, 
in  their  typical  form,  of  a  cell-wall,  cell-contents,  or  protoplasm,^ — nucleus 
and  nucleolus, — and  in  both  tbe  i>arent  cell  undergoes  subdivision  and 
results  in  the  Itirtb,  growth,  and  develojiment  of  myriads  of  other  cells, 
constituting  the  tissue  of  tbe  plant  or  animal,  and  ditfcring  no  more  from 
each  other  than  almost  any  mature  animal  or  vegetable  cell  does  from 
'  the  germ  from  which  it  originated. 

Nor  is  the  possession  of  a  digestive  cavity,  month,  or  alimentary 
tube  characteristic  of  animals;  for  there  are  vegetables  which  possess  a 
stomach,  as  tlie  Nepenthei^,  or  Pitcher-Plant,  which  has  a  cavity  cor- 
responding to  a  stomach,  in  which  digestive  finids  are  poured  out,  and 
in  which  digestion  and  absorption  take  place.     On  the  other  hand,  many 


4 

4 

4 


IKTEODUCTION. 


animals  among  the  protozoa,  such  as  the  amoeba,  have  no  stomach,  the 
general  surface  serviDg  not  only  for  the  purpose  of  digestion,  but  also 
for  absorption,  an  extemporaneous  stomach  being  formed  by  wrapping  a 
part  of  the  external  general  body  surface  around  the  substance  to  be 
digested. 

So  also  in  the  tape-worms  and  other  parasitic  forms  of  animal  life, 
there  is  an  entire  absence  of  any  special  aperture  for  the  entrance  of 
nutritive  matter,  such  organisms  living  by  the  simple  imbibition  of 
nutritive  matter  in  solution. 

When,  however,  we  examine  into  the  nature  and  mode  of  assimila- 

of  food,  the  nutritive  processes  occurring  in  the  interior  of  the 
^Otganism,  and  the  residts  of  the  conversion  and  aasimiiatiou  of  food, 
then  only  have  we  any  reliable  scientific  data  for  distinguishing  animals  , 
from  plants.  In  the  first  place,  the  food  of  animals  ditlcrs  from  that  of 
plants  in  its  nature.  Animals  require  organic  food;  plants  live  on  inor- 
ganic or  mineral  matter.  The  nutritive  processes  in  the  two  kingdoms 
are  also  diametrically  opposed;  the  plant  absorbs  water,  ammonia,  carbon 
dioxide  and  certain  salts,  and  out  of  these  manufactures  the  albuminoids, 
carbohydrates  and  hydrocarbons  found  in  vegetable  tissue.  The 
animal  feeds  on  these  complex  vegetable  compounds, — ^and  this  holds 
whether  the  animal  be  herbivorous  or  carnivorous, — and  returns  to  the 
soil  and  atmosphere  the  inorganic  matter  from  which  they  were  manu- 
factured by  th«  plant;  and  in  the  same  form,  i.e.,  carbon  dioxide,  water, 
ammonia,  and  certain  salts.  Tlie  plant  therefore  converts  simple  inor- 
ganic compounds  into  complex  organic  compounds,  while  the  animal 
reduces  complex  organic  matter  to  its  simple  inorganic  constituents. 

A  further  point  of  distinction  between  animals  and  vegetables,  and 
one  closely  connected  with  the  nutritive  processes,  is  their  behavior  to 
the  atmosphere.  The  animal  retiuires  for  the  proc^esses  of  reduction 
already  mentioned  as  constituting  its  mode  of  nutrition  a  constant  supply 
of  oxygen,  which  is  withdrawn  from  the  atmosphere  and  returned  to  it 
in  the  form  of  CO,,  representing  one  of  the  end  products  of  oxidation 
of  the  carbon  of  its  tissues  and  food.  Plants,  on  the  other  hand,  absorb 
CO,,  and  under  the  inflnenee  of  sunlight,  by  the  action  of  their  chloro- 
phyll, break  up  this  CO,,  fix  the  carbon  iu  their  tissues,  and  set  free 
oxygen  into  the  air.  The  plant  thus  nbsorbj*  what  the  animal  excretes, 
and  the  animal  absorbs  what  the  plant  excretes.  We  thus  see  that 
animals  an<l  plants  otler  striking  points  of  contrast  as  to  the  character 
of  their  food  and  the  nature  of  their  nutritive  processes,  and, 
there  are  several  apimrent  exceptions  to  the  general  outline 
their  consideration  may  be  deferred  to  the  chapters  on  tJ 
Processes  in  Cells, 

We  have  found  now  that  all  objects  in  nature  must 
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or  inorganic,  and  we  have  considered  the  means  by  which  these  bodies 
may  be  separated:  we,  therefore,  here  leave  the  inorganic  world  (the 
domain  of  physics,  chemistry,  mineralogy,  etc.),  to  confine  our  studies 
to  the  animal  kingdom.  But  here,  from  the  fact  that  there  was  great 
difficulty  in  separating  the  lower  forms  of  animal  from  vegetable  life,  it 
must  be  recognized  that  animals  and  plants  possess  many  vital  functions 
in  common ;  and  as  the  simplest  expression  of  these  functions  must  be  in 
the  simplest  organisms,  the  study  of  those  functions  may  best  commence 
in  the  simple,  uncellular  organisms,  whether  animal  or  vegetable. 
General  ph3'8iology  will  thus  deal  with  the  Animal  Cell:  its  form,  origin, 
modifications,  constitution,  and  the  various  chemical  and  ph3'sical  proc- 
esses concerned  in  its  nutrition,  growth,  development  and  reproduction. 

It  will,  then,  be  shown  that  the  higher  animals  are  mere  associations 
of  such  simple  organisms,  in  which  the  modification  in  the  characters 
of  the  various  constituent  cells  leads  to  a  division  of  labor.  In  other 
words,  development  of  tissues  leads  to  a  specialization  of  function,  and 
Special  Physiology  will  deal  with  the  study  of  the  development  of  func- 
tion, especially  as  seen  in  our  domestic  animals.  The  functions  of  animals 
are  divided  into  the  Vegetative  Functions,  the  Animal  Functions, — or 
the  functions  of  relation, — and  the  Reproductive  Functions. 

The  Vegetative  Functions  include  everything  which  relates  to  the 
nutrition  of  the  animal  in  its  widest  sense.  As  the  blood  in  higher 
animals  is  the  organ  of  nutrition,  under  this  head  are  included  (1st) 
the  additions  to  the  blood, — therefore,  the  description  and  modes  of 
prehension  of  Food ;  Digestion,  or  the  preparation  of  food  for  al>sorption ; 
and  Absorption,  or  the  means  by  which  nutritive  and  other  matters  enter 
the  blood.  The  Blood  will,  then,  be  considereil  as  a  tissue  of  nutrition 
or  as  a  carrier  to  and  from  the  various  organs  of  the  bod}'  by  means  of 
its  Circulation.  As  a  boundary  between  the  additions  and  (2d)  the  losses 
to  the  blood  Respiration  will  demand  attention,  while  under  the  latter 
head  come  the  functions  of  Secretion  and  Excretion.  The  means  by 
which  the  identit}^  of  the  individual  is  preserved  concludes  the  subject 
of  Nutrition  and  deals  with  the  nutritive  value  of  ditTerent  foods  and 
their  combinations,  the  adaptment  of  foods  to  the  different  demands  on 
the  animal  econom}',  and  the  subject  of  Animal  Heat.  The  Animal  Func- 
tions, or  those  by  which  the  Iwdy  is  brought  into  relation  with  the 
external  world  by  means  of  sensation,  power  of  movement,  consciousness, 
and  volition,  include  the  study  of  the  Muscular  and  Nervous  Sj'stems, 
while  finally  the  Reproductive  Functions  lead  to  the  preservation  of  the 
si>ecies,  and  include  the  subjects  of  Generation  and  Development,  or 
Embryology. 


PART  I. 


GENERAL  PHYSIOLOGY. 


THE  PHYSIOLOGY  OF  ANIMAL  CELLS. 


SECTION  I 
The  Structure  of  Organized  Bodies. 

Cbemtgal  analysis  has  shown  tliat  all  organized  bodies  are  capable 
of  resolution  into  simple  elu?mic;\l  elements  whieli  in  themselves  do  not 
dilfer  from  the  etemetits  out  uf  wliieh  all  matter  is  eompotietl:  in  other 
words,  that  the  simple  elements  of  which  organized  bodies  are  built  up 
are  universally  distributed  throughout  nature,  niid  that  no  one  element 
is  peculiar  to  organised  matter.  The  eharacteristic  of  organized  bodies 
is,  therefore,  not  to  be  found  in  anj  peculiarity  of  the  matter  of  whieh 
they  are  composed,  but  in  the  manner  in  wliieh  the  atoms  composing 
that  matter  are  groujjed.  In  an  inorganic  body  we  are  accustomed  to 
attribute  its  chemical  properties  to  the  nature,  u  umber »  and  mode  of 
association  of  its  constituent  elements,  while  its  p!iysical  properties  are 
attributable  to  the  mode  of  arrangement  of  its  molecules, 

Analysis  of  organized  bodies  shows  that  in  them  we  have  certain 
elements  constantly  present  in  certain  definite  proportions:  it  is  tliere* 
fore  warmutable  to  assume  that  the  chemical  ])roperties  of  organized 
bodies  are,  as  in  the  case  of  inorganic  njatler,  due  to  the  numlier,  nature, 
and  mode  of  association  of  their  elements.  Further,  we  find  in  all 
organized  living  bodies  a  certain  identity  of  physical  properties :  it  is 
therefore  warrantable  to  assume  that  the  physical  iirocesses  seen  in 
organized  bodies  are  de|)cndent  on  tlie  mode  of  arrangement  of  their 
eORStitueut  molecules.  The  ebiments  constantly  associated  in  living 
matter  are  carbon,  nitrogen,  oxygen,  bydrogen,  and  sulphur,  forming  a 
complex  combination,  to  which  the  term  protoplaHm  has  been  applied. 
This  matter,  protoplasm,  wliether  found  in  the  tissues  of  the  highest 
animals  or  plants,  or  in  the  lowest  unicellular  members  of  either  kingdom, 
has  always  the  same  composition  and  is  always  possessed  of  nearly  the 
BAme  attributes;  with  the  restriction  that  we  have  already  referred  to  as 
to  tlie  difference  in  functions  possessed  by  animals  and  (»lants, — differenced 
which  will  probably  in  the  future  be  cleared  up,  and  found  not  to  be  in 
contradiction  to  the  statement  that  protoplasm  if*  *' 

organization. 

All  organized  bodies  are  built  u[i  of  i 
plasm,  which  from  their  appearance  am  U 
tions    which   they    fidtlll,   elementary   o; 
pro2>ertie3  of  inorganic  matter  are  den 
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their  molecules,  so  the  physiological  peculiarities  of  organized  bodies 
are  dependent  on  their  cellular  structure. 

Physiology  is  therefore  the  study  of  the  properties  of  cells.  Cells 
possess  the  properties  of  Nutrition,  Reproduction,  Growth,  Develop- 
ment, and  in  many  cases  their  contents  are  capable  of  Motion  and  mani- 
festing Irritability. 

I,     THE  GENERAL  PROPERTIES  OP  CELLS. 

Microscopic  examination  teaches  that  ever}'  living  object,  from  man 
down  to  the  smallest  animalcule  invisible  to  the  naked  eye, — ^from  the 
largest  tree  down  to  the  most  microscopic  plant, — is  built  up  on  the 
same  general  plan.  In  each  the  same  element  of  organization  is  found, 
and  every  living  form  is  built  up  of  associations  of  these  microscopic 
units,  each  of  which,  even  in  the  most  complex  forms  of  life,  may  be 
regarded  as  separate  individual  organisms.^ 

For  even  in  complex  organisms  cells  to  a  certain  extent  carry  on  a 
separate  and  independent  existence.  We  see 
separate  cells  originate  separately,  grow,  repro- 
duce themselves,  become  diseased  and  die 
without  the  entire  organism  as  a  whole  taking 
any  part  in  these  ditferent  stages  of  existence 
of  its  component  parts.  The  individual  life  of 
each  separate  cell  is  recognized  in  the  different 
activities  of  different  cells :  the  activity  of  the 
no,  i.~-Typicat.  Animal       organism   is  the   result   of  the    sum  of  these 

Cat!"  (JOh^)  ^^^^  ^'       Separate  existences. 
^  ^^Sl'rcfJ^topuSr*"*  I^  t^eir   typical    form   both    animal    and 

vegetable  cells  consist  of  closed  vesicles,  with 
homogeneous  or  striated  walls,  a  viscid  albuminous  contents,  termed 
protoplasm,  containing  an  aggregation  of  granules  called  a  nucleus^ 
within  which  again  is  a  still  denser  formation  called  a  nucleolus.  The 
cell-contents  is  frequently  vacuolated,  i.e.,  contains  minute  cavities  filled 
with  a  clear  fluid. 

The  contents  of  the  cells,  which  we  shall  find  to  be  functionally  the 
most  important,  is  called  protoplasm.  It  is  a  transparent  mass  in  which 
numerous  granules  are  suspended,  and  which  possesses  in  all  young  cells 
the  property  of  contractilit}'.  It  is  often  seen  to  be  reticulated.  In 
older  cells  the  quantity  of  fluid  diminishes  and  the  cells  become  firmer 
and  drier,  while  vacuoles  often  form  and  contain  fluid.  This  change  in 
the  physical  properties  of  cells  is  often  associated  with  a  visible  change 
in  their  chemical  nature, — thus,  with  a  deposit  of  coloring  matter,  starch 

♦  Such  units  of  organization  are  termed  wH«,  from  the  resemblance  which  micro- 
Bcopic  sections  of  young  tissues,  whether  plant  or  animal,  bear  to  a  honey-comb. 
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granules,  fat  globules,  or  granular  matter.  All  substances  which  coagu- 
late proteUU  have  the  same  effect  on  protoplasm.  The  viUil  properties 
of  protoplasm  will  be  studied  later. 

A  membrane  is  usually  present  in  all  mature  cells,  though  always 
absent  in  embryonie  forms.  It  may  therefore  be  assumed  that  the  mem- 
brane results  from  a  condensation  of  the  outer  layers  of  the  eell-euntents. 
The  menUirane  is  apparently  homogeneous,  or  may  lie  porous. 

The  uiU'hifi»^  the  size  of  which  is  generally  in  proportion  to  that  of 
the  cell,  and  which  is  usually  oval  or  spherical,  is  never  absent  iji  early 
forms  of  active  cells,  though  it  may  disMppear  wljen  the  cell  reaches 
miiturity.  In  its  mature  stage  it  is  gencrnlly  reticulated,— tliat  is.  com- 
posed of  an  investiug  cuticle  within  which  the  contents  are  arrunged  in 
the  form  of  a  librillar  net*work.  The  presence  of  a  nucleus,  which  is 
often  difficult  of  recognition  on  account  of  its  minute  size,  nniy  be 
demonstratcil  through  the  action  of  certain  reagents,  especially  dilute 
acids  and  staining  fluids.  Dilute  acids  render  the  proto|rlasm  of  cells 
tranj!i[>arent  without  nlTectiug  the  nucleus,  which  eousuqiieutly  becomes 
'more  prominent;  while  staining  fluids,  such  as  esirmincj  ha^nuitoxylin, 
and  the  anilin  dyes,  color  the  nucleus  deeper  in  tint  than  the  cell-contents. 
The  nucleus  appears  to  be  especially  im|:iortant  in  the  reproductive  func- 
tions of  cells,  since  when  cells  multiply  by  division  the  division  alvvuvs 
commences  in  the  nucleus. 

The  niicleolits  is  simply  a  closer  aggretjation  of  the  granules  which 
constitute  the  nucleus »  and  is  very  frcqiieully  absent. 

Both  cell-wall  and  nucleus  may  be  alisent  from  the  lowest  elementary 
organisms. 

As  our  conception  of  the  structure  of  the  higher  animals  and  plants 
is  an  association  of  elementary  organisms  invarial>ly  taking  origin  from 
a  single  cell,  our  definition  of  such  a  simple  organism  or  cell  must  be 
moclifled  so  as  to  apply  to  the  description  of  the  simplest  conceivable 
organism  ciipalde  of  carrying  on  an  iiHlependcnt  existence.  And  \\h  we 
'  liave  seen  that  of  the  constituents  of  a  tyfjical  cell  but  one,  the  cell<'t»n- 
teQtSt  or  protoplasm,  is  essential;  and  as  we  know  that  tiiere  are 
organisms  capable  of  carrying  on  an  independent  existence  in  whom 
'neither  cell-wall,  nucleus,  or  nucleolus  is  to  be  detecte<l,  a  cell  maybe 
defined  as  a  more  or  less  homogeneous  mass  of  organized  unite  rial, — 
protoplasm, — possessing  development,  growth,  reproduction,  nutrition, 
and  automatism. 

The  best  known  of  such  undifferentiated  forms  of  cell  life  is  the 
tamer?^, — one  of  tlie  simplest  examples  of  an  aidmiil  organism. 

In  its  lowest  form  the  amceba  {Protameeba  primithm,  Ilfieckel)  con- 
sists of  a  mass  of  jelly-ltke,  structureless,  albuminoid  substance  (proto- 
plasm), which,  so  far  as  its  chemical  composition  and  general  attributes 
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ni*e  cont^erned,  cannot  be  disting^uisLied  from  tbe  contents  of  all  nctlve 

fi>rms  of  cells  (Fig.  2). 

Tlie  amoiba  is  capable  of  spontaneous  motion,  both  as  regards 
change  of  external  form  and  of  progressing  from  jilace  to  pkee. 
Motions  may  also  lie  evokcfl  by  varions  stimnb ;  hence,  tree  protoplasm, 
in  common  with  muscular  fibre  and  ciliated  organisms,  is  coTiiractile, 
The  i>eculiarity  of  protoiilaj*mic  motion,  as  seen  in  the  amo?lm.  is  that 
motion  does  not  occur  around  a  fixed  ]ioint,  bnt  rather  is  a  flowing 
motion,  such  as  might  occnr  in  the  particles  of  a  flnid.  Thus,  in  an 
amoeba  the  changes  in  form  and  location  are  effected  through  the  thntst- 
ing  out  of  lobe-like  prolongations  of  the  periijhery  (psendopodia),  and 
their  subsequent  withdrawal  or  the  flowing  into  these  extensions  of  the 
remainder  of  the  lK>dy. 

Occasionally  one  or  more  of  these  pseudopodia  become  gradually 
more  and  more  constricte*!,  until,  Anally,  a  portion  beeoines  entirely 

separatetl  from  the  original 
mass,  increases  in  size,  and 
itself  possesses  all  the  pn*i>er- 
t i cs  o f  t h e  pa reii  t  s t oc k ;  he n ce, 
]vi'ot«iplasm  is  reproductive, 
m\i\  jHiHscsses  the  power  of 
ijrowth.  Moreover,  the  move- 
ments of  an    amtelwi  are  not 

Fto.  2. -a  n«n-Ncci,e4ted  tell,  TitK   pnoT-    necessarily  the  consequences 
A*.<KBA  PHiMiTivA.  AFTKii  Haeckkl.  {Wundt^      ^f  extemal  stimuli,  but  may 

c.  •!!«  oumiitou  «i*ar»tiua.  Ijc     self-ongmatiug ;      hence, 

protoplasm  is  also  automatic* 

If  watched  for  some  time,  an  nm»pba  will  often  l*e  seen  to  take  into 
its  interior,  by  flowing  around  them,  small  vegetable  organisms,  of  which 
portions  are  dissolved  and  converted  into  the  substance  of  its  body, 
while  the  undigested  remainder  is  extruded;  therefore,  protoplasm,  even 
in  the  absence  of  all  digestive  organs,  possesses  the  power  of  nutrition. 

The  amreba  requires  for  its  existence  an  atmosphere  of  oxygen, 
w'hich  is  absorbed »  and  wliit-h  it  again  jmrtly  exhales  as  carbon  dioxide. 
Protoplasm  is  therefore  7^eHpiratort/, 

TI*  ORIGIN   OF  CELLS. 

We  have  seen  that  in  the  amoeba  a  simple  mass  of  undifTerentiated 
protoplasm  possesses  the  powers  of  reproduction,  contmctility.  respira- 
tion, irritability,  nutrition,  and  automatism.  Every  form  of  life  com- 
mences its  existence  in  the  form  of  just  such  a  simple  mass  of  proto- 
plasm. Starting  with  the  ovum,  and  endiiig  with  the  nucleated  elements 
found  m  the  organs  and  tissues  of  the  embryo  and  adult,  there  is  one 
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uninterrupted  eerieg  of  generations  of  cells,  each  cell  becoming  so  modi- 
fieil  as  to  specialize  certain  functions  which  are  together  possessed  by  all 
forms  of  undifferentiated  protoiilasm.  Thus,  in  the  higlier  fonns  certain 
cells  will  be  found  to  have  become  so  mrKlificd  as  to  have  the  fmiction  of 

bJeprod action  esi>eciaU3^  developed  ;  they  will  therefore  constitute  the 
reproductive  tissnes.  In  other  cells  the  nutritive  functions  will  become 
most  prominent;    they  wilt  therefore  form  part  of  the  tissues  whose 

.function  is  to  preserve  the  nutritive  balance  of  the  organism.  Specializa- 
tion of  function  is  therefore  the  explanation  of  the  development  of 
tissues;  tJie  remilt  is  a  physiological  division  of  labor.  We  will  have  to 
return  to  this  subject  again. 

The  germ  of  every  animal  and  vegetable  organism  is  a  cell  which 
Dwes  its  existence  to  some  similar,  previously-existing  celL     Neglecting 

^the  origin  and  development  of  cells  in  the  vegetable  kingdom,  every 
cell  which  forms  part  of  tlie  organs  or  tissues  of  all  forms  of  animal 
life  originated  in  and  develojK^d  from  a  germ-cell  or  ovum. 

The  ovum  of  man  and  other  mammals  is 
a  minute  mass  of  protoplasm,  corresponding  in 
its  general  appearance  with  the  description  of  a 
typical  cell.  The  protoi:»lasm,  or  eel l*con tents, 
is  surrounrled  by  a  delicate,  striated  membrane, 
the  Zona  radiaia ,  or  intrlline  m e mbra ne.  With i n 
the  cell-contents^  in  addition  to  numerous  minnte 
particles, — the  so-called  yelk-globules, — is  a 
collection  of  denser  particles  of  protoplasm, 
— the  nucleus,  or  germinal  vesicle^  and  w^tliiu 
that,  agnin^one  or  more  still  more  solid  masses,* 
— ^tlie  nucleoli,  or  germinal  spofs. 

The  celbcontents  is  identical  in  nature  and  properties  with  the  sub- 
stance of  the  amoelm,  and  before  and  immediately  after  fertili/.ation  may 
e-ven  be  the  seat  of  spontaneous  mox'ements  of  contraction  and  expan- 
sion. When  mature,  its  diameter  in  the  domestic  animals  and  man  varies 
from  the  ^J©  to  the  y^^  of  an  inch  ((L  18-0.2  mm.)* 

Feitilization  lends  to  a  clea\'agc  of  the  protoplasm  into  two  parts, 
the  nucleus  being  first  divided,  so  that  two  new  elements  originate  from 
the  ovum,  eiich  consisting  of  protoplasm  and  cjich  containing  a  nucleus. 
Each  of  the  two  new  cells  thus  formed  again  sulHlivide  into  four,  these 
into  eight,  and  so  on  through  many  generations,  until  a  large  number  of 
new  cells,  the  so-called  *' mulberry  mass,"  results  from  the  subdivision  of 
the  original  parent  celh 

According  to  Schleiden  and  Schwann,  the  founders  of  the  cell  doc- 
trine, organic  forms  of  life  may  originate  in  one  of  two  ways, — cither  by 
the  aggregation  of  granules  in  a  previously^xisting  homogeneous  fluid 
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8pliere«  of  the   ovimi, 


(the  bUstema),  forming  the  scMsalled  **  free  eell-formAtioii,''  or  by  the 

8iibtltvi8ion  of  a  previously-existing  cell, — the  **  endogenous  cell-runna- 

tlon," 

According  to  the  first  of  these  riews,  which  may  be  compared  to  the 

formation  of  crystals  in  a  saline  solution,  grannies  first  develop  in  a  ilmd 
w]uch  contains  all  the  chemical  constittients  of 
the  organism^  forming  the  nucleolus  of^Uje 
future  eel!.  Aronnd  tliis  other  granules  are 
gradually  deposited  until  the  nucleus  is  formed, 
and  the  cell-contents  and  membrane  gradually 

•  conBolidate   around    this.      The  first  objection 

J^^   JH|  to  thia  theory,  which,  it  is  seen,  implies  spon- 

^^y  ^y  ©  taneous  generation,  lies  in  the  fact  that  no  one 
has  ever  been  able  to  demonstrate  such  a  celb 
formation  or  to  discover  the  so-called  cyto- 
blasts.  It  was  then  shown  that  all  the  cells  of 
the  embryo  originate  in  the  segmentation 
and  the  falsity  of  this  doctrine  of  fi'ee  cell- 
formation  i^  further  proved  from  analogy  by  tlie  manner  in  which  the 
connect  JVC- tissue  cells  take  part  in  the  development  of  pathological  new 
formations.  There  is  now  no  more  firmly-established  dictum  in  physi- 
ology than  the  statement  that  every  cell  originates  from  a  previously- 
existing  cell.     {Omnis  ceUida  e  cellala,) 

The  other  view,  which  was  also  to  a  certain  extent  advocated  by 
Schwann,  as  to  the  origin  of  cells  liy  suly- 
di vision  of  a  parent  cell»  is  exemplified  in 
the  mode  of  reproduction  of  many  of  the 
lower  forms  of  life.  Cells  may  reproduce 
themselves  by  simple  division  of  the  parent 
cell  or  by^  endogenous  division. 

Cell  rei>rofUiction  alwa^'s  starts  in  the 
nucleus.  In  simijle  division  the  nucleus  first 
becomes  marked  with  a  fnrrow,  which  grad- 
ually deepens  until  the  nucleus  la  divided 
into  two.  The  protoplasm  of  the  cells  is 
then  modified  in  the  same  way,  until  two  new 
cells  arc  formed  by  the  division  of  the 
parent  celb  This  process  may  lie  followed  in  the  reproduction  of 
the  nucleated  red  bloofl -corpuscles  of  the  emliryo  of  the  chick  and 
even  in  mammals  (Fig.  4).  A  modification  of  this  form  of  cell 
reproduction  is  sometimes  described  as  *'  budding.*^  This  process  also 
starts  with  the  nucleus.  A  numljcr  of  nuclei  arc  first  formed  by  the 
Bubdivision  of  the  nucleus;  these  gradually  separate;  the  protoplasni 


Fro*  fi.— OETirMATlOX,      A  BUD" 

mso  Gkrm-Cell  or  ihm- 
{WuntU.} 
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collects  around  them  so  as  to  form  prnjectioiis  froui  the  periphery  of  the 
ceU^  which  Ijccorae  more  and  more  eonslricted  until  tfiey  fiiirtliy  sepamte 
(Fig.  5).  During  division  the  mieiem*  mumbnuie  disiippeurs,  and  the 
nucleus  usually  divides  before  the  cell-protoplasm,  but  not  direetl^',  by 
»iiiiple  cleavage,  as  was  foniierly  siip[)Osed,  but  iudireetly,  by  karyu' 
linesiti  (frum  movement  of  nuclear  libriLs).  This  \h  an  exceedingly  eoni- 
plicated  process.    Its  ditterent  stages  may  be  divided  about  as  follows  :— 

1,  The  nuclear  fibrilf*  become  very  distinct,  while  the  nuclear  mem- 
bnine  disappears  and  the  fdjrils  of  the  nuclear  net-work  become  twisted 

,  and  bent  into  a  more  or  less  dense  convolution,  while  the  entire  nucleus 
enlarges. 

2,  The  fibrils  unravel  into  loops  arranged  around  the  centre  as  a 
wreath  or  rosette. 

3,  The  peripheral  points  of  the  loops  l>ecome  broken  and  a  star- 
shaped  figure  of  single  loops  is  obtained.  This  is  termed  the  aster,  or 
star. 

4,  The  loops  separate  into  two  grouj^s  or  new  centres.  This  is  the 
dia^ier^  or  double  star. 

5,  The  two  groups  of  threads  liecoTuc  farther  apart,  as  if  attracted 
by  opposite  poles,  hut  still  remain  connected  by  line  pole-threads^  wliieh 
represent  the  interstitial  nuclear  substance.  In  this  stage  the  figure 
resembles  a  spindle, 

6,  The  connection  between  the  two  sets  of  threads  is  broken. 

7,  The  threads  of  each  set  become  convoluted. 

8,  A  membrane  forms  for  each  set,  and  thus  new  dauglrter  nuclei 
restdt.     (See  Fig.  6.) 

The  cell-protoplasm  may  commence  to  divide  at  any  stage  between 
the  one  when  the  threads  aggregate  around  the  two  centres  and  the  one 
when  two  distinct  nuclei  are  present;  or  the  division  of  the  nucleus  nmy 
be  followed  bj-  division  of  the  cell^  so  givhig  a  cell  with  two  nuclei.  It 
is  not  proved  that  this  is  the  universal  mode  of  divisions  of  nuclei, 
though  it  has  been  observed  in  atl  kinds  of  cells  in  the  embryo,  and  to  a 
limited  degree  in  the  adult.  On  the  contrary,  it  is  prolmblc  that  aniadjuid 
cells  divide  by  the  direct  method  and  that  other  nuclei  may  also  undergo 
<lireet  division^  or  Remak'S  division,  by  simjile  cleavage,  though  all  the 
cases  in  which  constriction  of  nuclei  is  observed  need  not  be  cases  of 
commencing  division^  as  the  change  in  shape  may  be  due  to  pressor"-  <»!' 
cell-protoplasm,  or  to  nuclear  contractions.     (Klein). 

The  second  form  of  cell-formation  is  termed  by  Kolliker  "■  cmbim-^ 
nous  cell-formation/-  and  consists  in  the  formation  of  cells  within  the 
membrane  of  the  parent  cell,  wliich  ultimately  bursts  and  discharges  itr 
progeny  of  young  cells.  The  division  of  the  nuvmmalian  ovum,  tli- 
growth  of  cartilage,  and  many  pathological  cell-forum  lions  are  types  c 
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this  mode  of  cell  reproduction.  The  latter  example  furnishes  many 
instances  in  which  a  number  of  cells  with  entirely  different  attributes 
from  the  parent  cell  develop  in  the  interior  of  a  cell,  such  as  the  develop- 


Fro.  0.— Karyokinksik.    {KIHtu) 

A,  ordinarr  nnrleiiH  of  a  colnmnar  e|iithe1inl  cell :  B,  C.  the  nume  nucleus  in  the  »tAfre  of  convolutioB : 
D.  the  wreath.'or  rt>Hott<!  funn :  E,  the  R«ter.  or  itinxle  stAr:  F.  a  nuclear  spindle  frum  the  DeMemet's 
endothelium  of  the  fiMgn  cornea:  G.  II,  I,  the  diatiter:  K.  two  daughter  nuclei. 


ment  of  pus-corpuscles  in  the  interior  of  different  tissue-cells  in  inflam- 
mation (Fig.  7). 

The  best  object  for  the  study  of  cell  reproduction  by  division,  and 

tlie  one  of  most  interest  for  us,  is 
found  in  the  fertilized  ovum  of 
mammals. 

As  the  ovum  approaches  maturity, 
even  l>efore  impregnation  takes  place, 
the  germinal  vesicle  becomes  obscure 
and  more  and  more  irregular  in  out- 
line, its  membrane  and  reticulam 
disapi)ear,  and  the  germinal  spot  is 
broken  up.  What  remains  of  the 
germinal  vesicle  becomes  converted 
into  a  striated,  spindle-shaped  body, 
which  moves  to  the  sur&ce  of  the 
ovum,  to  there  undergo  division  into 
two  parts.  One  part  becomes  ex*. 
truded  from  the  ovum  to  form  what 
is  known  to  embr}  ologists  as  the  polar  cell,  and  is  soon  followed  by*  % 
second  similar  cell,  while  the  portion  of  the  spindle  remaining  vUihill 
the  ovum  forms  a  new  nucleus,  the  female  pronucleus,  from  whiebi  hi 
conjunction  with  the  male  elements,  the  future  embryo  is  devekqied. 


FlO.  7.— THK  FOKMATION  OF  PU.S-COR- 
PUSCLES  IN  THE  INTKKIOR  OF  EPITIIK- 
LIAL     (.?ELL.S.     SIIOWINO      KNDOOENOU.S 

Ckli.- Formation.    (Rankc.) 

A,  Binffle  cylindrical  cell  from  the  human  bile-duct: 
B,  a  aimilar  oell  ountaining  two.  C  containing  four,  and 
D  nnmerouii  nutt-oells:  E,  iflolat«d  pus-corpuacle* ; 
F.  a  ciliated  epithelial  cell  fh>m  the  human  respiratory 
tract,  containing  a  single  pus-corpuscle :  and  O,  a  pave- 
ment epithelial  cell  from  the  unnary  bladder  of  man, 
oontaiaing  numerous  pus-oorpuscles. 
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III  tbe  II II impregnated  oviili*  spantiiiieous  eoritrnctioiis  are  generally 
Heen  in  tbe  protoplHSTuic  eeU-eontents.  When  the  egijj  becumeB  fertilizetl 
tliese  cnntnietions  beeome  so  mtxiitietl  ns  to  uuisf  the  germinal  vcsieie 
(or  tile  IkhIv  reuniting  from  tiie  union  of  the  male  and  fenude  |>roniiclei), 
and  then  the  ceU-eontents  to  split  into  two  parts  contained  within  tbe 
cell-membrane,  which  take^  no  j>art  in  tins  division,  Tbesr  se*^nientatiou 
spheres,  as  idready  mentioned,  continue  to  subdivide  nntil  an  immense 
numlier  of  minule,  nucleated,  menihnmelesK  cells  are  contained  within  the 
vitelline  membraite  (furmin*:  the  so-ealled  nmlberry  masHj. 

From  these  elements,  which  beecmie  progressively  siualler  an  elravage 
goes  on,  all  the  tissues  of  tbe  embryo  are  fornied.  At  first  they  all 
IKjssess  mobility  (annelmid  raovemcrjtw),  sbtvwititr  ibcir  aiialotry  to  tbe 
simple  amad>a,  but  at  birth  this  |»roperty  is  only  retjiined  by  certain  cells. 
Like  aniii?btv,  they  also  irrow  in  size  and  clivide  into  new  individuals. 

At  tlrst  all  tin*  eel  Is  resultiuijj  rrnm  the  sejLi^m  en  tuition  of  the  ovrun 
are  exactly  alike ;  tliev   then   rmdeitj;o  eertjun   unulilicatious  in   nri'!Ui;i,a'- 


FlO.  «L— <.IV.\  flFTIlK  iJdCJ  KUiiM  THE  FAI.UjJ'IAN  TCHF,  srinwrNnKl)  nV  THE 
ZOXA  I'ELl.niDA,  IN  WllUU  AltK  KOl'N  Jl  N  CM  KlUtCS  Si'KKM  ATuZllA,  AFTKU 
BtSCKOFI"       {Hnttktw 

.  fontiiitpt  thtf  mu1H<rrir  in»M> 


ment  ami  form,  ditrerent  in  dittVreiit  cbisseN  of  aninnilsj  from   which  tbe 
dillerent  tissues  of  tbe  embryo  are  develi^ied. 

The  ova  of  animals  are  divided  into  two  classes, — those  in  which  the 
entire  yelk  is  coneerned  in  tlie  production  of  tbe  endnyo,  and  those  in 
wbicli  a  part  only  serves  for  tins  purpose, — whi  le  the  remainder  of  the  eell- 
contents  Is  dniwn  upon  for  the  nutritive  needs  of  the  embryo.  Tfie  first 
of  these  wliieh  undergoes  tdtal  segmentation  is  termed  a  hnlobiai<th-  t^gtj; 
the  second  undergoes  only  partial  segmentation,  and  is  termed  a  wtero- 
^a^iic  egg.  The  ovurn  of  mammals  serves  for  a  type  of  the  formei^ 
tliuiii;  the  ovum  of  birds  is  typical  of  the  seeowd  class.  As*  alreadj 
mentioned,  tbe  mammalian  ovum  represents  a  '  ovum  ot 

the  bird  differs  in  many  points.     Beue&t* 
of  minute  flattened  cells,  which  grmlci 
of  tin*  e^ji ;  while  tbe  yelk  consist** 
iU-vt*b»fmient  of  tlie  t^ndirvo.  lln-  fitb-  t  T 
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vvliicL  llie  embryo  is  Ibntied  is  a  snmtt,  wliite  dUk  lyinti;  directly  beneath 
tbe  vitelline  int'iul^niiu^  uiid  U?rmt*d  tlu*  tread Ahf  hl(i,^to*{t'rm  or  virairivu la. 
Ill  the  lien's  egg  this  disk  is  about  fVmr  inillimettrs  in  diameter,  and  is 
always  fuund  in  tlie  upper  surface  nf  thtf  yi^k.  If  a  hen's  egg  is  hard- 
eiU'd  )\y  boilings  aiul  tlieii  e»it  in  Iwfi  by  a  vertieal  seetion  so  as  to  bisect 
the  yelk,  the  hitter  will  lie  fouml  luit  to  be  perfectly  homogeneous.  The 
yelk  is  clothed  externally  by  a  thin  layer  of  different  material,  which  at 
the  ed*(e  of  the  blnsiodt^rin  iiassrs  beneath  it  and  Ijeeomes  tlrieker  so  ns 
to  t^jrnj  a  tn^d  on  wbieh  the  blnstoderni  rests,  to  become  connected  by  a 
narrow  neck  vvitli  a  mnss  rvf  similnr  matter  oit*iipvinnr  tlie  centre  of  the 


HP. 


CHL 


CH.L, 


FiQ. »,— Diagrammatic  HKCTrox  of  an  T'MNrcHATKii  Fowi/s  Koo,  after 
A I .  L  K  s  T  n  f J  M  i*su  N .     ( Fmtt-r  ittul  Bat/our.) 

BL,  blimtoderm;  WY.  whit©  f  elk— thu  i^n#t#ta  nf  «  dVftttmU  Ilftik-«hitp«d  niiw*  iind  a  iiiuiuh«r  of 
Idjprs  amnfre<)  wmmntricully  urmnd  tlir* ;  VY.  ytllif*  v«tk  .  VT,  viiellinft  in«n]hr»rve^  X,  layir  .*r 
muM' Haiti  nihninon  imiuediau-lj  atiminnrliD^  itws  yelk;  W.  «llpnin«EV,  iHiniirtm*  "t  ftUvrtiato  ilphMr  fttid 
mum  lluid  lnymn;  CifL,  ehattuui; ;  Al!II,  uir-cihAnik'r  at  tKe  liiMKiJi  «nr|  rrf  the  «j;x— tl!<>l«  il'iAml'wr  ia 
iiiaroly  n«i;>iic«  ieftlntweein  tSfrtWM  layer*  of  l1i»  aliell-mrniitiranB  :  L*4M,  itttemiil  lny^rMf  9lieU^m»tnl>»ntiia: 
SM,  c"\t«nnii  Iftyor  nf  juliell^infinbratie  ;   S,  tKell ,   SP,  nut<3(!U,fs  uf  FitQ.d«r. 


yelk,  wbich  nearly  always  remains  partially  Hnid  in  the  hard-boilefl  egg. 
Witbin  the  yelk  again  are  severa!  concentric  layers  of  this  white  yelk, 
seiiarated  froni  each  other  by  layers  of  yellow;  yelk.  The  yellow  yelk  is 
composed  of  comparatively  large,  unnneleatcd  cells  filled  with  highly 
refractive  granules,  and  eontaining  vitelline  lecithin,  and  various  fatty 
budien.  The  cells  w^hicb  form  the  white  yelk  are  niueli  smaller,  are 
nucleated,  and  often  a  large  cell  will  be  seen  to  cont:iin  nnmerous  similar 
but  smaller  cells. 

When  the  egg  is  laid  by  the  hen  it  has  already  undergone  changes 
wbich  result  from  fertilization.     We  will  first  describe  the  characters  of 
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the  blastoderm  when  the  egg  is  first  laid,  mul  tlien  tin-  changes  which 
hiive  precetletl  it. 

The  Ijlastoilerm  of  an  uniueubftltnl  fertili/Anl  t-gg  mny  be  recognized 
hy  tht*  naked  Qye,  when  viewed  rroin  jibove,  to  consist  of  two  parts:  an 
oi«ujue,  'white  eireiiniferenee,  the  art^a  opacity  and  a  central  tranf^parent 
imriUm^  the  area  petlttcida.  In  the  unfertilized  egg  these  divtf^ionH  are 
not  niarkeiL  They  are  due  aimpiy  to  the  way  the  hhu^totierm^  wJiieh  is 
itself  entirely  transparent,  rests  on  the  white  yelk.  The  oprtijue,  circular 
ring  is  win*  re  the  lihistqilcrm  is  directly  in  eon  tact  with  tiie  white  yelk, 
while  the  central  clear  poHion  is  due  to  the  fact  tiiat  the  blastoderm  is 
separatecl  from  the  yelk  by  a  layer  of  litpiid.  The  white  Bpot  often  seen 
in  the  centre  of  the  Ijlastoderm  is  the  central  eohinin  of  wbite  yelk 
shining  through  the  transjjfireiit  nieuibrane  {Ntteleus  of  J*ander). 

When  the  bh^stoderm  in  hardened  un<l  cut  into  vertical  sections,  it 
is  found  to  \)u  composed  of  two  layers  of  cells:  the  upper,  sriiall,  nucle- 
ated, cylindrical  cells  adhering  clortcly   togelher  in  a  single  Inyer  ajid 


Fig.  10.— Hkction  of  Ay  UNiNrrrtAtKrt  Hi-astopf.rm  of  Chttk.     {Klein.) 

A.  c«11»  fi»nnlD.g  the  ectr4»rni  ;  B,  mUa  fortiiinfi  rhe  r-nMlmlenH  :  C,  Urfw,  rortantho  eclli;  F,  vegmtsttf 
tattum  ittritf , 

resting  on  the  white  yelk;  the  lower, an  irregular  net-work  of  larger  cells 
which  are  not  nucleated »  appiirently,  but  which  cHutaiu  numerous  bigldy 
refractive  granules.  These  are  probably  identical  with  the  white-yelk 
sipheres  alreaily  referred  to,  and  are  spoken  of  as  formative  cells. 

The  processes  which  in  the  ben's  body  result  in  tJie  fornuition  of 
such  an  eg^  are  about  us  fullow  : 

In  the  capsule  of  the  ovary  the  yelk  alone  constitutes  the  egg.  It 
then,  just  before  bursting  its  capsule,  consists  of  a  minute,  yellowiab, 
idlipsoidal.  cellulnr  liody,  w^itb  a  deliciite  membniue.  the  vitelline  mem- 
brane, immediately  below  which  in  a  granular  cclUHintents,  the  yelk,  lies 
a  lenticular  mass  of  protoplasm,  the  germinal  disk;  within  this  again  is 
a  nucleus,  thegerniiual  vesicle,  containing  a  nucleolus,  or  genuinal  spot. 

When  the  ovum  becomes  mature  the  ovarian  capsule  bursts,  and 
tli»  ovum  frenresenting  the  yelk  of  the  egg  as  laid)  escapes  into  the 
mppegnation  by  tlie  spcrniatozoa  four^  '  ^*  upper 
»id   has   ilcpositcd   aroun**  cssory 
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portions  of  the  egg  through  secretions  from  the  walls  of  the  oviduct 
Thus,  the  la3^er  of  albumen  surrounding  the  yelk  is  first  deposited  in 
the  passage  of  the  ovum  through  the  second,  tubular  portion  of  the 
oviduct,  the  chalazae  (see  Fig.  9),  or  twisted,  denser  portions  of  the 
albumen,  being  due  to  the  rotatory  motion  of  the  egg  against  the  spiral 
ridges  of  the  oviduct.  The  shell-membrane  is  formed  by  the  organiza- 
tion of  the  most  external  layers  of  albumen,  and  the  shell  is  formed  in 
the  third  portion  of  the  oviduct,  or  the  uterus.  The  walls  of  this 
portion  of  the  tube  secrete  a  viscid  fluid  which  surrounds  the  egg,  and  in 
which  inorganic  particles  are  deposited.  The  egg  remains  in  the  uterus 
for  from  twelve  to  eighteen  hours,  and  is  then  expelled  through  the 
cloaca,  narrow  end  downward,  by  its  muscular  contractions. 


FlO.  11.— HUKKACK    ViKW  OF    THE    KaKLY    STACKS    OF    SEGMENTATION    IN    A 

Fowl's  Eoo,  after  Costk.    {Foster  ami  Bal/our.) 

I  represent*  the  earliest  flta^e.  The  fint  Aim>w.  B.  hati  begun  to  make  ita  appeaninoe  in  the  centre 
of  the  fferminal  disk,  whose  f«riphery  in  marked  hy  the  line  A.  In  2  the  first  furrnw  is  completed  acrtiBS 
the  dink,  and  a  «ec<>nd  similar  furrow  at  nearly  right  angles  to  the  tint  has  appeared.  The  disk  thns 
becomes  divided  somewhat  irregularly  into  (inadrants  by  four  (half)  furrows.  In  a  later  stage.  3,  the 
meridian  furmws,  B,  have  increased  in  numiwr.  from  four,  as  in  B.  to  nine,  and  croes-fnmiws  hare  alau 
made  their  apftoaranoe.  The  disk  is  thus  out  up  into  small  central,  C.  and  larger.  D.  jteripheral  segments. 
Several  new  cross-furrows  ane  seen  just  beginning,  as  er.  yr.,  cloee  to  the  end  of  the  line  of  reference,  D. 

About  the  time  the  shell  is  being  formed,  provided  impregnation 
has  taken  place,  changes  occur  in  the  blastoderm,  which,  though  analo- 
gous to  the  process  of  segmentation  already  mentioned  as  taking  place 
in  the  mammalian  ovum,  yet  differs  from  it.  The  germinal  vesicle  first 
disappears,  and  a  furrow  is  then  seen  to  run  across  the  germinal  disk, 
dividing  it  into  two  halves.  This  furrow  is  then  met  by  a  second  run- 
ning at  right  angles  to  the  first ;  this  is  then  crossed  by  another,  and 
division  of  the  segments  proceeds  rapidly  b}'  furrows  running  in  all 
directions  until  the  germinal  mass  is  cut  up  into  an  immense  number  of 
minute  masses  of  protoplasm,  smaller  toward  the  centre  than  at  the 
periphery  of  the  disk. 

The  furrows  thus  formed  are  not  merely  superficial,  but  extend 
through  the  entire  thickness  of  the  germinal  disk:  hence  the  germinal 
disk  is  cut  up  into  minute  masses  of  protoplasm.     In  other  words,  a 
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rge  number  of  cells  has  resulted  from  tUe  aegmentiition  of  the  imreiit 
"cell. 

These  celis  arrange  tbetiiaelvei^  into  ali  iqiper  layer »  with  tlieir  long 


Fig.  12.— SiTRFACK  View  np  riiK  (tkuminal  IHhk  of  a  Hkn*!*  Krio  during 

Tlir.   LaTEH  STAI^J-^**  of  MECiMENTATlOX.      (Frnh'Tiimt  Baf/fjtii\) 
At  C.  in  the  ceBtr*  4if  Uicn  4\*k,  l1i«  sflcm^nUtl'm  uitiHi»4  itno  v«.rj  «m».ll  imJ  tiiiTCitn>rtji  r  at  B,  tieuxir 

thm  Bilm,  tbtiy  &r*  IftTfer  and  f«w«ir ;   «rhil«  theme  At  the  oxtreTuo  niitr^n.  A,  Arm  luri^t  and  fitivml  uf  all. 

It  wUT  b«  tuitlir«d  thftt  the  ruli«titix  f»rnin  luftrkinff  olT  th«  iejnneou,  A,  di»  U"t  rcuu'la  tu  the  0!itn»nifl 

ni»rfio«  £.  of  th*  ^\nk. 

Th«dn»iu#  i»  ttifnplwta  in  rtji?  ii|UAilmnl  nnlr.   ll  urSII-,  of  piitinH?.  Iio  ancienrt«Mj<l  that  Uie  wliul*  Bird* 

•tuMyild  b«  ftUad  up  in  a  prociwlr  ■inilliir  manner 

ces  vertical^  their  nuolui  become  distiiiet,  wliile  the  lower  eells  remam 
large  and  granular  and  irregularly  [jlaeed,  forming  in  tbis  way  tht'  uii In- 
cubated blastoderm  already  descri bed.     (Sue  Fig.  10.) 


FlO.  11— fiKCnON  OF  TlIK  (lERMlNAL  DlSK  OF  A  FOWL'8  EOO  DUHINO  THE 
Latkr  BtaoeS  of  Seomkntatiox.     iKostrr  and  Jlul/aur.) 

Tki*  »«etifln.  whioh  nprMrata  ntber  nwvre  th«a  half  th«  hnpjirlth  of  the  hJuntiMieinn  {the  nndilte  «ne 
Wnxi  Hhiiwn  *l  Ci,  ^Fiowfi  thiri  Ui«  npfwr  Mid  eentml  inirUiir  th«  disk  wewent  fji*t«r  than  (luw«  I*Imw  and 
f  iiw  pcripfverj  tb«  MfrmFntfl*r»  ftill  ^rerir  UriTP.     On«n*f  the  1iir#ft»r  (wpmcnlit  *■ 

V  f>f  foipnflntii  •  norlenit  t*n  h<i  nenni  Bti^l  It  la^m^  fini1i«b|iu  tlial  a  nuclnns  is 
1  r  rh4!>  *«frni«Tit4  are  ftttod  with  hij|;hlv  refinUTtinf  jyahorulai,  but  those  are  muro 

ii".MTrf.-..«  lu  p.M.i'^3  ..CM-  '  '  -I-  ri-'"r  '►1  -  '-r^Hr  pelU  n(?ar  th«  jelli)  than  in  either?.  In  Lite  oentml  Jiarl  uf 
tha  blaa4ail«rmtiwn}iF«rceilU  '  «il  to  Utnw  adiflLknct  !ar«r.   M^i  Kfrnientatiun-mvitjr  ii  uraavnt. 

A.  Iftfse  paripban^l  ivll      l  <>r  the-  luwer  nana  i»f  tFti'  tiliL^todfinn  ;  C,  uiiddlu  Mno  or  bloJto- 

^nu ;  £,  adge  wf  tlw  blasU-l  '.  hie  «rhii«  r«lk  ;  W,  w  Kite  >  oik. 

As  a  result  of  ineul>!itii>n  a  Udrd  layer  rd*  eelln  makes  its  appearnuce 
between  the  two  layers  of  the  blast oderm  just  described,  forming  an 
upper,  a  middle,  and  a  lower  hiyer,  ur  the  t'piblant,  the  mesoblast^  and  the 
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hypoblast  (Fig.  14).     From  these  three  layers  of  cells  the  embryo  is 
developed. 

Leaving  at  this  point  the  changes  which  occur  in  the  egg  of  the  bird» 
we  have  now  to  follow  the  analogous  changes  in  the  mammalian  ovum. 

We  have  already  seen  that  in  the  mammalian  ovum  one  of  the  first 
evidences  of  impregnation  is  the  division  of  the  protoplasm  of  the  ovum 
progressively  into  smaller  and  smaller  segmentation  spheres,  until  the 
cell-membrane  becomes  filled  with  an  immense  number  of  minute  masses 
of  protoplasm.  The  general  character  of  this  process  in  its  earlier  stages 
is  probably  identical  in  all  the  mammalia.  The  ovum  of  the  rabbit  has 
been  most  studied,  and  the  sketch  here  given  is  based  mainly  on  Balfour's 
summary  of  the  early  stages  of  development  in  the  rabbit's  ovum. 

The  ovum  first  divides  into  two  nearly  equal  spheres,  of  which  one 

A  PR. 

=\-  -     ' 


^■^■^^::^^ 


1'/^::^'^^^^^::^^^ 

f..^  -.  ' --  •,'-*^*..  ••'^ 


Fig.  14.— Section  of  a  Blastoderm  of  Chick,  at  Right  Angles  to  the 

Ix)NO  Axis  of  the  Embryo,  after  Eight  Hours'  Incubation,  about 

Midway  Betwkkn  Front  and  Hind  Ends.    {Foster  and  Bal/our.) 

a.  epiblast :  B.  inomblaiit ;  C.  hyfmblast ;  PR.  primitive  rroove :  F,  fold  in  the  bIa«toderm  produced 

Accidentally  :  MC  ineAublast-cell.—  the  line  fMiinte  to  one  of  the  peripheral  mesoblut-oells  lying  between 

epihlaiit  and  hy|M»b1ai«t;  BD.  formative  celln. 

The  »eotio"n  i«Ii<iw»:  ( 1 )  the  thickenin^r  of  the  me«obla8t  under  the  primitive  groove.  PR,  even  when  it 
is  hardly  prestent  at  the  sides  of  the  groove :  (2)  the  hypoblast,  C.  early  formed  as  a  single  layer  of  spindle- 
shaped  rells;  (3>  the  s<M»lled  segmentation  cavity,  in  which  coagulated  albumen  is  present.  On  the 
floor  uf  thiD  are  the  large  formative  i-ells,  BD. 

is  slightly  larger  and  more  transparent  than  the  other.  The  larger  sphere 
and  its  products  will  be  spoken  of  as  the  epiblastic  spheres ;  the  smaller 
one  and  its  products  as  the  hypoblastic  spheres.  Both  these  original 
si)heres  soon  divide  into  two,  and  each  of  these  into  two  more,  thus 
making  eight.  At  first  these  spheres  are  spherical,  and  arranged  in  two 
layers  formed  of  four  epiblastic  and  four  hypoblastic  spheres.  Soon, 
however,  one  of  the  hypoblastic  spheres  passes  into  the  centre,  and  the 
whole  ovuui  becomes  spherical  again. 

In  the  next  stage  each  of  the  four  epiblastic  spheres  divides  into 
two,  followed  b^^  the  division  of  the  h^^poblastic  spheres  into  two.  The 
ovum  is  then  made  up  of  sixteen  different  spheres,  nearly  of  the  same 
size.  Of  the  eight  hypoblastic  spheres  four  soon  pass  to  the  centre, and  are 
surrounded  by  the  eight  epiblastic  spheres,  arranged  in  the  form  of  a  cup. 
Division  of  both  sets  of  spheres  now  continues,  the  epiblastic  layer  con- 
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titiujng  to  surround  the  central  113'poblasttc  spheres,  both  sets  continuing 
to  subdivide,  uutil  tiiially  tlie  ovum  fonHists  of  an  almost  solid  mass  of 
hyi>obla8tie  ajjheres  surrounded  hy  a  layer  of  epiblastic  cells. 

When  the  process  of  segmentation  is  c;om|>lete  the  epiblastic  celk 
are  cleur  and  have  an  irregularly  cubical  form,  while  the  fiypobhistic 
cells  ai*e  polyzonal  and  gruniiliir  and  some  what  larger  I  ban  the  epi- 
hlastic  cells. 

The  blastodermic  vesicle  next  form**.  This  resnlls  from  the  fnrma- 
lion  of  a  narrow  cavity  between  tlie  e[Ml>hit^t  and  hypobhist,  which 
increases  in  size  until  it  entirely  separates  these  two  layerH,  except  at  the 
point  where  the  bhistoderm  was  la^^t  in  forming  (the  hkistoitofU').  As 
the  cavity  increases  in  size  the  ovum  also  enlarges,  so  that  soon  if  exists 
in  the  form  of  a  large  vesicle,  formeil  of  a  thin  wall  of  a  single  layer  of 


BP 


HY 


EP^ 


B 


EP^ 


Fio.  15,^OPTrrAL  SRCrroNa  of  a  Rabbit's  Ovum  at  Two  Btaqes  Tlosbi^y 
F01.L0WIN0  Upon  the  HKOMENTAXinx,  aftrk  E.  Van  Renebkn. 
iHal/tmr.) 

£P.  «r{H«llrt ;  JJV,  priTOAVT  hxpoblut;   BP,  Van  BcueiJrn'A  ni&tLn]hH«.     TIm  ftlwllRf  of  ttbs  CfriMAit 

cells, — the  epiblastic  cells, — ^with  a  large  cavity,  the  hypoblastic  cells 
forming  a  small,  ventricular  mas^  attncbed  to  the  inner  side  of  the  epi- 
blastic cells  (Fig,  l«)).  The  ovum  of  the  rabbit  has  now  increased  in 
size  from  0»U9  mm.,  its  size  at  the  close  of  segmentation,  to  about  0.28 
mm.  It  is  inclosed  by  the  vitelline  membrane  and  a  mucous  layer 
deposited  by  the  walls  of  the  Fallopian  tube. 

As  the  vesicle  contiuncs  to  enhirge,  the  hypo  blast  ic  cells  spread  out 
beneuth  the  epi blast,  though  remaining  thicker  in  the  centre  than  at  tlie 
edges,  wliere  tlie  cells  still  [lossess  the  power  of  amieboid  movement. 
The  central,  thicker  portion,  which  is  the  conmicnccment  of  the  embryonic 
area,  fonns  an  opaque,  circular  spot  on  the  biastoderm. 

The  primitive  hypoblast  now^  becomes  divided  into  two  layers^  the 
lower  contin units  with  the  peripheral  hypoblast  and  formed  of  flattened 
eelU,  while  the  upper  is  formed  of  small,  rounded  elements, — the  meso- 
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blast.  The  superficial  epiblast,  again,  is  formed  of  flattened  cells,  which 
soon  become  columnar  and  appear  to  unite  with  the  rounded  elements 
below,  except  at  the  lower  part  of  the  embr3'onic  area.    Here  the  blasto- 


Fig.  16.— Rabbit's  Ovum   bbtween  Seventy  to  Ntobty  Hours  after 
Impregnation,  after  E.  Van  Beneden.    (Bc^four,) 

BV,  cATitT  of  blutodennio  veiicle  (yelk-iao) :  EP,  epiblaat;  HT,  hjpoblait;  ZP,  mnooiu  envelope 
(Zona  pelludda). 

derm,  as  in  the  chick,  is  constituted  by  three  layers, — the  epiblast,  the 
mesoblast,  and  the  hypoblast. 


P.R. 


Fig.  17.— Bectton  through  the  Oval  Blastoderm  of  a  Rabbit  in  the 
Seventh  Day,  through  the  Front  Part  of  the  Primitive  Streak. 
(Bal/our.) 

£P,  epiblut;  M,  mesoblast;  HY,  hypoblast;  PR.  primitive  streak. 

The  subsequent  changes  in  the  development  of  the  blastoderm  form 
the  subject  of  Embryology,  and  for  their  consideration  the  reader  is 
referred  to  text-books  on  anatomy. 


III.      THE   MODIFICATION   IN   THE  FORM   OF   CELLS. 

We  have  seen  that  originally  all  the  cells  formed  by  cleavage  in  the 
egg  are  absolutely  alike.  Like  the  original  egg,  they  are  typical  cells, 
consisting  of  a  cell-membrane  inclosing  finely  granular  protoplasm,  in 
which  a  nucleus  and  nucleolus  may  be  recognized.    They  only  differ  from 
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the  original  cell  id  size  and  in  as 

>  et  unmarked  individiitil  char- 
ucteristicj^  which  in  the  sjieciiili- 
zation  of  function  of  the  organ* 
ism  will  eaubie  them  tiiially,  for 
the  most  purt,  to  lose  all  mor- 
phological resemblance  to  the 
parent  eelL 

These  differences  in  cells 
produced  in  the  development  of 
the  organism  are  very  numer- 
ous. 

First,  as  regards  their  size, 
we  find  cells  varying  from  the  red 
blood-rell  ^^^^5  to  the  large 
ganglion-cell,  ^Ju  of  an  inch 
(Figs.  18and  1?»). 

In  nearly  all  instances  where 
a  collection  of  cells  develop  into 
an  organ  or  tissue  the  original 
spherical  form  is  lost,  often 
merely  fnan  mntnal  pressure  and 
from  alteration  in  the  cell -con- 
tents, by  which  the  most  varied 
forms  are  produced.  Thns, 
instead  of  the  spherical  form, 
cells  may  take  on  an  oval,  elon- 
gated sha|>e  (Fig.  20),  or  may  lie 
fjlindneai  (Fig,  21),  or  again 
from  mutual  pressure  may  fonn 
regular  hexagons.  Others  may 
have  long,  thread-like  attach- 
ments developed,  as  in  the  sperm- 
cells  (Fig,  22),  or  even  a  nnml>er 
of  such  prolongations,  which  as 
long  as  the  cell  is  alive  continue 
in  active  movement  (ciliated 
cells).     (See  Fig.  21.) 

Often  the  nucleus  deviates 
from  its  spherical  form,  and  may 
become  oval  or  irregular  in  out- 
line, or,  as  in  certain  cells  of 
the     marrow    of    bone    and    in 


Fio.  18.— FtED  AND  Whtte  Hi.nni>-rr)BPrsrLEa, 
Enlarged    Hix     lirNi>iiKi>    Lhameters. 

A.  ttirfiuxi  view  i>f  rwl  forpiucitH;  B,  moAU  vi«w;  C,  rott* 
luux  of  rwl  e4>rtiii«clo« ;  D»  oantnd  deimaflUn  la  red  CNsniitMlM ; 

E,  RnnattKl  rod  4»rpajcl«a;    F,  rmabll,  aad  O.  tugs  irMta  «or- 


Flo,  If).  —  An  TsnLATKi>  Ganolioh-Cell  of 
THE  Anterior  Horn  t>F  thk  Human 
HriW,\L.  COKD,  AFTER  Geklatu.    {Kltftn.} 

a.  rnxbHsylliMier;  fi.  pigment,  Tha  branched  pnye^ajtt*  ot 
th«  Emtn^Vkm-e*}}  bnak  i)|i  into  tho  flue  n«rve  BBi-wvrk  ihfiwti 
In  tn«  n^ifier  pArt  f>t  the  tlgiire. 
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Fio.  20.— Non-Stkiatxd  Mubouulb  Fibrbs,  Isolated.    (Klein,) 

Th«  croH-in«rkiiigi  indioato  oorragfttionf  of  th*  elaatio  ih«ath  of  Um  individnal  flbras. 


Fio.  2L— Various  Kinds  of  Epithblial  Cells.    (Klein,) 

A,  ooliiinnAr  oells  of  intestine :  B,  polyhedral  eells  of  the  oonjnnotira :  C,  ciliated  conical  colli  of  th« 
trachea :  D,  dliated  cell  of  flrog'i  month ;  £,  inverted  eonical  cell  of  trachea ;  F.  iqnamoui  cell  of 
the  oavitj  of  Uie  month,  aeen  fh>m  its  broad  lurfkoe ;  O,  Kinamoui  cell,  leen  ed^wAys. 


Fig.  22.— Various  Kinds  op  Spermatozoa.    (Klein.) 

A,  ipermatoMon  of  gninea-pig  not  jet  matured :  B,  the  same  leen  sidewaji,  tiie  head  being 
£rom  aide  to  tide ;  C,  a  spermatoioon  of  the  hone ;  D,  a  spermatosoon  of  the  newt. 
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Striped   muscle,   may  undergo    reduplication   without   division   of  the 
cell  (Fig.  23). 

The  cell<'on tents ^  or  protoplasm,  purtieularly  as  res^ards  its  granular 
constituents,  may  undergo  the  greatest  variatioo.     Ufh-n  true  crystalline 


FiG-  SJ.— Bo?fE-Com»r8CLES,  with   TIIKIR    PnOLONOATrONS,   AFTER   KOLLETT. 

formati*iiis  are  included  in  the  eell-eontents;  or  vacuoles  may  form  in 
which  difterent  tiuids,  sometimes  watery,  sometimes  fatty^  mny  collect,  to 
Lagain  disappear  in  later  stages  of  the  life  of  the  cell. 


Fl«.    24— r>JAfJKAM    OK    I*^F^ 


Another  modification  in  the  fonn  of  een«  consists  in  the  alteration 
of  the  border  layers  of  T^rAtnnLaw  ||  is  gurrounded  by  a 

more  or  less  cheraie  •***'^''  '>r  intercellul 
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siibstniice,  which  may  [ireseiit  the  greatest  vsiriety  an  to  (iiiantit}*.  The 
eull-membniiie  and  so^calletl  cell-capsule  l>eloug  to  thene  fornix  of  proto- 
plasmtc  lUfKlilicatioiu  In  cartilage  and  loo^e  eoiiueetive  tissue  this 
intercelluljir  substance  exists  in  siieli  fimcniiit  that  the  still  actively 
maving  protoplasmic  cells  appear  to  be  forced  apart  by  it*  (See  Fig.  :24*) 
Since  the  more  active  vital  nioveuients  can  only  originate  in  the 
semi-Iluid  protoplasm  of  cells,  it  is  evident  that  the  more  or  lews  ri»rid 
intercellular  substance  could  only  take  a  slight  |iart  in  organic  processes 
if  there  were  not  some  means  by  which  it  could  be  brought  into  eloae 


Pjo,  215.— Nerve-Fibres.    {Thnnhoffer.\ 


Schnltrp);  2,  noii'metlulliitiKl  w 
aii»rfj«  w  its   l-Unvln-ri*  ujuh'*  i  Ht 

from  srimlin  of  fr<}ff,  tn!nt«Ll  »n 


i^Uo  of  th*  trtm  i  4,  i 
■  >^  Mirrft-fibn  fhim  1 1 

.1  Bvrrv-llbRi ;  a.  rMun  • ; 


"l.  D«nre- 
L  ^iMi'-aillMi 

-.  i...^..- -..,^Jl  ,    t,   ftXIC- 


association  with  the  active  vital  processes  constantly  occurring  in  the 
interior  of  cells.  Ooimcriuently  wo  find  the  entire  inti-rcL-llular  nulmtance 
pierced  of  ji  mesli-wttrk  of  hue  canals,  through  whicli  the  cells  send 
prolongations  of  their  outer  layer,  which,  :iftt'r  numerous  sulidivisions, 
serve  to  connect  neighboring  cells. 

By  means  of  tiiese  juice-canuls  interchange  between  the  contents  of 
the  various  cells  is  possible  and  the  intercellular  substance  receives  its 
necessury  supply  of  nourishment,  while  the  connection  of  cell  with  cell 
is  an  illustration  of  the  loss  of  individuality  of  cell-life.     Often  we  find 
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The  development  of  tissue  starts  in  the  earliest  stages  of  develop- 
ment of  tlie  egg. 

We  have  seen  already  tlmt»  as  a  result  of  fecundation,  the  egg  divides 
into  a  numl.>er  of  minute  segmentation  spheres  which  at  Jirst  form  a 
solid,  mull>errv-like  mass^  and  we  have  now  to  consider  the  chnnges 
occurring  in  the  mass  of  simple,  undifferentiated  cells  which  result  in  the 
development  of  the  tissues  and  organs  of  the  completed  urgauisnu 

In  their  early  striges,  as  in  the  aniieba,  each  of  these  et4is  possesses 
the  powers  of  development,  reproduction,  grovvtii,  assimilation,  respira- 
tion, and  eoutraetility.  As  tlie  firganism  passes  to  a  higher  stage  we 
find  that  many  of  these  cells  lose  these  geUL-ral  |>rojierties  possessed  in 
their  entirety  by  undifferentiated  protoplasm^  while  certain  of  them  are 
put  aside  to  carry  on  specific  individual  fonetioiis.  Thus,  in  the  young 
embryo,  as  in  the  amad»a,  all  the  cells  possess  the  power  of  contrnctililv  ; 
as  the  organism  develops,  thia  property  becomes  restricted  to  cells  form- 
ing constitneids  of  certain  tissues,  the  contractile  tissues,  or  the  muscular 
system.  The  amadm,  whicli  we  have  already  seen  may  he  regarded  as 
representing  one  of  the  units  of  which  the  higher  organisms  are  built  up, 
possesses  the  power  of  irritability  and  automatism.  In  higher  forms 
this  properly  of  unilitlereutialed  protnplusm  is  restricte<l  to  a  single 
tissue,  the  nervous  system.  The  amteba  has  no  part  speeialiited  for  the 
various  processes  of  nutrition;  any  part  of  its  substance  may  take  in 
nutritive  matter,  may  digest  out  the  portions  capable  of  supply iug  its 
nutritive  needs,  may  remove  the  uudigcstible  residue;  any  [K.irtion  of 
the  amteba  is  capable  of  carrying  on  the  metabolic  processes  by  which 
the  matter  absorbed  as  food  is  converted  into  protoplasm  like  itself,  and 
any  portion  is  capsdile  of  rtlisorbing  the  gases  necessary  for  these  com- 
plex chemical  processes  and  of  getting  rid  of  the  cftcte  products  of  its 
nutritive  processes.  In  the  higher  organisms  certain  cells  are  set  aside 
to  form  the  organs  concerned  in  the  prehension  of  food  ;  others  have  for 
their  sole  futietion  the  secretion  of  solvent  juices  which  will  digest  out 
the  nutritive  matters  of  the  food  ;  others  are  the  carriers  of  the  matters 
absorbeil  to  remote  corners  of  the  orgatusms ;  an<l  the  sole  business  of 
cerUiin  other  cells  is  to  get  rid  of  the  useless  matter  and  the  jiroducts 
of  the  waste  of  the  economy*  In  the  amoeba  any  portion  may  divide  olf 
from  the  parent  stock  and  so  originate  a  new  iudividual;  in  tlie  higher 
animals  certain  tissues  or  collcctious  of  cells  have  for  their  sole  ufiicc 
the  reproduction  of  cells  which  shall  constitute  the  starting  puint  of  a 
new  organism.  In  the  auueba^  therefore,  speciabzation  of  function  has 
not  commenced;  each  nunute  particle  of  the  protoplasm  which  constitutes 
it  is  capable  of  carrying  on  all  the  vital  functions,  lu  the  higher  organ- 
isms, however,  the  elementary  organisms  of  which  they  are  built  up  are 
90  arranged  that  there  may  be  a  division  of  lalxjr.     These  collections  of 
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cells,  marked  by  a  more  or  less  exclusiveneBS  of  function,  are  termed 
tiaguea.  It  must  not  be  overlooked,  h<*wever,  tliat,  tbough  certain  func- 
tions are  accentuated  in  individual  tissues^  tlu-y  all  possess  remniuitj*  of 
All  tlie  functions  originally  seen  in  undilferentiftted  protoplasm.  Thus, 
miiny  besides  tiie  museulur  tissues  possess  the  power  of  cmUractility : 
it  is  not  the  nervous  system  alone  which  retains  the  property  of 
res[>onding  to  irritants.  All  tlietissueH  are  capable  of  reproducing  them- 
selves in  part,  and  all  possess  the  power  of  carrying  on  their  own 
nutritive  processus  if  suitable  food  is  supplied  to  tbem. 

We  have  seen  that  fecundation  of  the  ovnm  leads  to  the  develop- 
ment of  an  immense  numl>er  of  nt^w  cells,  and  we  have  referred  to  the 
motlilicatiuns  in  form  to  which  these  segmentative  spheres  may  be 
subjectecL 

Tissues  are  formed  from  these  segmentative  spheres  in  three  diflerent 
ways  (Wundt): — 

1.  Throiigli  formation  of  layers  of  cells. 

2.  Through  union  of  cells. 

3.  Through  excretions  b^^  cells. 

Often  all  of  these  methotls  are  united  in  the  formation  of  a  compound 
tissue  which  is  functionally  active  as  a  unit.  8iicli  a  tissue  is  called  an 
organ.  The  elassilication  of  tissues  is  based  on  anatomical  grounds;  of 
organs,  on  physiohigieal  grounds, 

I.  To  the  first  group  Ijclong  the  epitheliums.  In  most  of  these  the 
only  modifications  which  occur  in  the  form  of  the  cells  are  due  to 
mutual  pressure  from  close  contact.  Such  cells  are  therefore  polygonal 
or  flattened,  or,  w  hen  growth  is  most  marked  in  one  axis,  cylindrical. 
The  e[Htheltums,  in  series  of  layers  or  in  single  row^s,  cover  the  external 
surfaces  of  the  body  as  well  as  the  coatings  of  the  digestive,  urinary » 
genital  anrl  respiratory  tnicts  which  i  ommuuicnte  with  it,  the  ducts  of 
glands, auil  the  closed  serous  sacs.  In  the  hitter  locality  they  are  calletl 
endothelial  in  the  former  epithelia.  The  hair  and  nails  nre  modifications 
of  these  tissues  formed  of  small  elongated  cells  grown  together  into 
almost  homogeneous  tissues.  The  terminal  portions  of  the  organs  of 
sp€^*ial  sense  are  ako  epithelial  in  nature. 

Epithelial  cells  are  connected  by  a  thin  layer  of  an  albuminous 
eement  substance,  which  during  life  is  in  a  semi-fluid  condition. 
The  shape  of  the  cell  may  be  columnar  or  squamous.  Spindlc-shapetl  and 
clab-shapefl  cells,  as  well  as  goblet  cells,  ciliated  cells,  epidermic  cells, 
and  prickle  cells,  are  all  mo<liIicatious  of  tliese  shapes*  Endothelial  cells 
are  always  of  the  sciuamons  variety,  arraugeil  in  single  layers  of  flattened, 
timiiBparent  cells  with  oval  nuclei.  When  their  form  approaches  the 
coIumDar.  as  occasionally  is  the  case  in  certain  serous  membranes,  the} 
are  then  in  an  active  state  of  division,  are  called  germinating  cells,  ai 
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the  small  sphericjil  Ij^mphoid  cells  which  result  are  ctimed  to  the  circu- 
lation to  become  wbite  blood-corpuscles, 

Qlandular  tiisiiue  is  also  eiijtlieliiil  in  nature*  Cells  are  the  essential 
eeeretlng  organs  of  glands,  though  numerous  other  tissues  enter  into 
their  composition.  Such  cells  are  usually  ronnded  or  polygonal,  and  are 
sort  in  consistence.  Frequently  tbe  cells  rapidly  partially  break  down 
and  are  carried  oil'  as  constituents  of  the  secretion,  as  colostrum  cells, 
or  mncoid  corpnscles  (moulting);  or  the  destrnetion  of  the  cell  form  may 
lie  complete  and  the  constituents  of  the  cell  enter  tlie  secret  ion  in  the 
form  of  a  solution. 

Muaetdar  tiasue  forms  the  third  of  the  group.  In  the  muscles  the 
moscular  cells  are  always  closely  associated  with  connective  tissiie. 
Such  cells  may  be  of  two  ditl'erent  kinds,  different  in  structure  and  in 
function, — the  striped  and  nnstriped  cells*  Musele-cells  are  contractile, 
like  amfjeboid  cells,  but  contnietility  is  ouly  possible  in  one  de Unite  direc- 
tion, that  of  their  long  axis;  muscles,  therefore,  become  shorter  and 
thicker  during  contniction, 

3,  To  the  second  group  of  tissues  formed  by  union  of  cells  belong 
two  tissues  in  which,  in  their  development,  the  cells  iiave  become  greatly 
elongated,  luul  after  absoqition  of  the  cell-wall  become  converted  into 
fibres  or  tul>ea;  these  are  the  nerves  and  capillaries. 

In  the  nervous  tissues  certain  cells  retain  their  primitive  character, 
the  nerve-c*ells,  and  only  nerve-fjlires  properly  belong  to  this  groui>  of 
tissues.  Xevertheless  the  nerve-cells  are  in  continuity  with  the  nerve- 
fibres. 

The  eai>illaries  in  a  similar  manner  originate  from  the  arrangement 
of  nucleated,  spindle-shaped  cells  in  rows,  which  become  liollowed  out 
through  the  formation  of  vacuoles.  The  formative  cells  manifest  a  ten- 
tlency  to  send  out  si>routs  which  connect  with  other  forming  or  mature 
capillaries  V>y  wbich  the  net-work  of  capilbiries  is  formed.  Lymphatic 
capillaries  are  developed  in  the  same  way  as  tbe  blood-vessels. 

3.  Tissues  formed  by  excretions  from  cells,  forming  the  third  gronp, 
may  also  be  called  intercellular  tissues.  Connective  tissue  is  n  type  of 
this  class.  Connective  tissues  serve  to  bind  together  all  the  organs  of 
the  body  ;  they  exist  in  various  forms,  which  are  to  a  certain  extent 
mutufilly  convertible ;  they  all  3'ield  allied  ehemieal  products. 

Connective  tissue  originates  in  spherical  eells,  with  very  soft  proto- 
plasmic nucleated  contents,  which  nltimsitely  may  form  a  perfectly*  homo- 
geneous, laminated,  or  fibrous  intercellnhir  substance. 

The  cells  themselves  may  exist  in  various  *litTerenr forms,  either  as 
tendon-cells,  when  they  are  flattened,  oblong  masses  of  protoiilasm 
arranged  in  rows,  with  round  nuclei  lying  in  bundles  of  filirils  of  white 
connective  tissue ;  as  branched  ceils,  found  in  tbe  cornea,  serous  mem- 
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branes,  and  subcutaneous  tissues,  which,  under  certain  conditions,  pr^- 
sen"e  their  pawur  of  movement ;  as  prgmeut-cella,  which  are  branched 
cells  filled,  with  the  exception  of  their  nucleus^  with  granules ;  aa  fat- 
cells,  in  which  the  protoplnsniic  coll-coii tents  are  re[ihiced  by  a  tlr*)p  ol' 
oil,  which  forces  the  flattened  nucleus  against  tlie  cell-menibraue;  and  as 
nit^'^ratory  cells,  which  ure  formed  in  the  spaces  of  librous  tissue,  and 
which  possess  the  power  of  anueboifl  movement. 

The  lV>nii  of  corinective  tissue  in  which  leaht  change  is  produced  in 
development  is  the  so-callt;d  mucoid  or  gelatinous  tissue.  In  some 
of  the  invertebrates,  as  in  molUisks,  this  tissue  forms  the  greater  part  of 
the  body.  It  connistH  of  a  sutY,  serai-fluul ,  intercellular  substance,  in  which 
numerous  granules  and  broken  down  mendujtneless  cells  are  suspended. 
Many  of  these  cells  possess  the  power  of  amoeboid  movement. 

From  this  tissue  in  vertehnUes  the  fibrillar  c»umective  tissue  is  de- 
veloped by  the  condensation  of  this  iniercelluiar  substance  into  bundles 
of  fibres,  held  together  by  an  albuminous  cement  substance,  in  which 
the  form!*  of  the  cells  become  much  changi-d,  becomirig  flattened  and 
elongated  by  mutual  pressure  until  the  diameter  of  the  cell  is  not  greater 
than  that  of  the  nucleus.  / 

The  elastic  tissues  are  formed  out  of  the  fibrillar  connective  tissues, 
which  Ijecome  so  mudifled  eliemieall}'  an  to  yield  ehistin  and  not  gehitii*. 
The  fibres  of  elastic  tissue  are  bright  yellow  in  color,  usually  anastomose, 
and  are  sometrmea  straight,  but  more  often  coiled  up  in  bundles. 

Tlie  different  forms  of  development  of  coruiective  tissue,  especially 
of  the  intercellular  substance,  depend  upon  its  dilferent  chemical  meta- 
morphoses. Thus,  the  gelatinous  tissues  owe  their  properties  to  a  semi- 
fluid albuminous  body,  the  connective  tissue  proper  to  gelatin-forming 
bodies,  cartilage  or  chonclrin,  and  the  elastic  tissues  to  elastin^  etc. 

Bone  is  characterized  by  the  deposit  of  inorganic  compounds  in  its 
intercellular  substance.  This  hardened  tissue  then  incloses  the  partially 
broken  down  cells,  which  form  the  lacuine  or  bone-corpuscles,  in  which 
the  thickened  meinbrftue  and  nucleus  are  often  visible,  though  they  dis- 
appear in  old  bones  and  their  place  is  then  taken  by  serous  fluids,  etc. 

The  bones  are  »lso  rich  in  vessels  which  traverse  the  Haversian 
canals. 

As  the  deposit  of  salts  occurs  partly  from  these  and  partly  from 
the  external  meml>rane,  the  bones  become  laminated  in  Nlructure,  some 
laj'ers  l»eing  parallel  with  the  canals,  others  with  the  exterior. 

Cartilage  is  characterised  by  a  sparse  intercellular  substance  which 
yiehls  chondrin,  and  by  large  cells  which  are  often  the  seat  of  endoge- 
nous multiplication.  As  in  bone,  so  in  cartilage,  the  intercellubir  slll^- 
Fince  becomes  arranged  in  the  form  of  capsules  around  the  cells,  and 
ay   either   remain    homogeneous   (hyaline)    or  become  fibrillar  (fibre- 


3C 


PHYSIOLOGY  OF  THE  DOMEBTIC  ANIMALS, 


cartilfige  or  elastic  cartilage,  in  lahicli  a  dense  net- work  of  elastic  fibres 
oeciii>it!S  the  inturcel hilar  matrix).  Mo8t  cartilaires,  excejyt  on  articiilntiiiij 
surfaces,  are  coveretl  by  ii  lihroiis  membrane,  tlie  perichoinlrium,  supplied 
with  blood-vessels,  lyraphaties,  and  nerves, 

liune  is  siirrtiunded  liy  n  librous  membrane,  the  periosteum,  with  an 
inner  layer  of  oblong  nucleated  cells,  whieh,  from  the  fact  that  the  hone 
IS  developed  from  them,  are  termed  osteoblasts.  Similar  cells  are  also 
found  in  the  marrow  of  hones. 

Tiie  organs  of  the  animal  body  are  always  composed  of  several 
tissues;  they  may  he  of  three  elasaes^  in  each  one  of  which  some  one 
tissue  is  especially  prominent  in  function  : — 

I.  Organs  whose  chief  function  dcjiends  upon  tissues  of  the  first 
class  (cells  without  intercellular  substance). 

a,  Qland.i,  which  always  in  addition  to  the  epithelium  contain  nerves 
and  blood-vessels.  The  epithelium  is  the  essential  part  of  glands,  skin, 
mucous  and  serona  meniliranes. 

Ik  Mitiicles.  In  these  are  found  mnscle-cells  as  the  functionally 
prominent  tissues ^  though  associated  with  them  are  connective  tissue, 
blood-vessels^  and  nerves, 

2*  Organs  whose  chief  function  is  manifested  through  tissues  of  the 
second  class* 

a,  CoiniHjund  rps,*?f'^K,  arteries,  reins,  and  lvmph*Tessels,  Although 
the  capillaries  are  formed  by  uidon  of  cells,  in  larger  trunks  this  mode 
i>f  fi>rmation  cmly  applies  to  the  endothelium,  on  which  the  other  tissues 
— (dnstic  tissue^  connective  tissue,  and  pale  muscular  fibres — subsequently 
devebip  in  layers. 

k  The  organs  of  the  nervous  syatem.  Nerve-cells  and  nerve-fibres, 
formed  by  union  end  to  end  nf  cells,  here  form  the  essential  tissues, 
though  blood-vessels  and  connective  tissue  are  associated  with  them. 

3.  Organs  whose  function  is  due  to  intercellular  substance.  The  bony 
skeleton  is  the  only  representative  of  this  group,  and  the  modification 
of  connective  tissue  known  as  l)one,  or  its  antecedent  cartilage,  is  the 
characteristic  tissue;  as  secondary  tissues,  connective  tissue  and  blood- 
vessels and  nerves,  representatives  of  the  second  class,  are  also  met  with. 

For  the  mode  of  development  of  the  compound  organs  in  the 
cmhryo  the  reader  must  be  referred  to  text-books  on  anatomy  or 
emi>ryology. 


SECTION   IL 
Cellular  Physics. 

THE  PHYSICAL  PROCESSES   IN   CELLS. 

As  the  tissues  and  organs  of  the  animal  lK>dy  origmate  in  cells,  we 
lOiihl  exjwct  that  the  functions  of  the  biglier  organisms,  which  we  know 
to  he  identical  with  ttiose  of  the  most  elementary  forms  of  life,  would  to 
a  certain  extent  be  accomplished  by  the  same  general  processes.  We 
have  already  tlivided  the  functions  of  animal  life  into  the  vegetative,  or 
nutritive,  fuiictioJis  and  the  functions  of  relation,  and  have  called  attcn- 
on  to  the  attempt  which  lias  been  made  to  reduce  the  working  of  these 
processes  to  physical  and  chemical  laws.  Although  in  many  points  this 
endeavor  fails^  the  operation  of  the  ordinary'  physical  and  chemical  laws 
serves  to  explain  many  vf  the  complex  phenomena  of  animal  life.  This 
is  especially  seen  in  the  maintenance  of  the  nutrition  of  the  organism. 

That  cells  may  retain  a  nutritive  balance  it  is  requisitej  in  the  first 
place,  that  they  lie  supplied  with  a  proper  pabulum,  which  must  pass 
from  the  exterior  to  tlie  interior  of  the  cells.  We  have  found  thnt  the 
typical  cell  is  surrounded  by  a  homogeneous  or  striated  meml*rane^ 
which,  like  all  other  organic  tissues,  contains  a  large  amount  of  water 
losely  associated  with  the  ultimate  molecules  of  which  that  membrane 
matle  up.  Hence,  the  cell-membrane  may  lie  regarded  as  a  porous 
partition  whose  pores  are  filled  with  water,  and  which  separates  the 
cell-contents  from  the  surrounding  media.  These  media  may  be  either 
gaseous,  as  the  atmosphere;  fluid,  like  the  lymph  and  blood  in  higher 
animal  forms,  or  water  in  aquatic  forms  of  life;  or  semi-Hnid,  like  the 
more  or  lei^s  solid  intercellular  substance. 

This  passage  of  nutriment  from  the  exterior  to  the  interior  of  cells 
is  mainly  accomplished  by  purely  physical  means,  not  only  in  simple 
nnteel hilar  organisms  but  also  in  higher  forms  of  life,  where  digestion, 
or  the  preparation  of  food  for  ahsorjition,  has  for  its  object  the  reduc- 
tion of  food  into  such  forms  that  the  operation  of  the  physical  laws  of 
imbiltition.  capillarity,  filtration,  dilfusion,  and  osmosis,  aided  perhaps 
by  chemical  atfinity,  will  be  sullicient  to  enable  the  nutritive  matters  to 
B  to  the  interior  of  cells. 

When  once  in  the  interior  of  the  cells  the  raw  food-products  must 
be  transformed  into  protoplasm  similar  to  that  of  which  the  cell-coulents 
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is  coTTiposeil.  This  is  a  purely  chemical  process,  is  accompanied  b 
li  be  rati  oil  of  force^  and  ret^nires  for  its  performance  ilie  free  acce 
oxygen,  Gases,  also,  must  therefore  pass  fram  the  exterior  to  the 
interior » — a  process  which  the  laws  of  absorption  and  di(ru?*ion  of  gan-es 
are  quite  sullleient  to  explain.  Again,  the  chemical  processes  concerned 
in  the  assimilation  of  food  result  in  the  ibrnmtion  of  carbon  dioxide, 
urea,  kreatin^  and  other  crystalline  bodies  which  are  no  longer  of  use 
and  which  must  be  removetl ;  or  the  cell  activity  may  take  on  the  form 
of  a  secretion, — that  ia,  the  cell-protoiilasni  ma}',  fi^om  the  matter  sup- 
plied to  it,  man n fact u re  certain  substances  which  in  the  higher  organisms 
have  to  be  used  elsewhere.  In  eitiicr  c^vse  the  protlucts  of  the  proto- 
plasmic oi>erations  must  l>e  remove<l.  Here,  also,  physical  laws  are  all 
surtlcient.  Oases  are  removed  under  tlie  laws  of  gaseous  dilfnsion  and 
absorption.  All  erystalliased  ])roducts  are  eliminated  by  equally 
simple  means*  The  absorption  of  fluid  by  the  cell-contents  through  imbi- 
bition leads  to  increase  of  volume,  and  hence  to  increased  pressure  on  the 
cell-membrane.  Filtration  thus  comes  into  operation.  Or,  if  the  pres- 
sures within  and  without  the  cell  are  equal,  interchange  of  matters  in 
solution  may  take  place  through  ditfusion  and  osmosis.  All  these  proc- 
esses may  occur  equally  well  in  memlimneless  cells;  for,  in  all  cases,  to 
permit  interchange  the  dividing  membrane  must  be  capable  of  absorbing 
the  fluids  or  solutions  with  which  it  is  in  contact.  The  conditions, then, 
are  analogous  to  those  of  a  body  containing  fluid  by  imbibition  iu  con- 
tact with  another  fluid. 

We  have  now  to  consider  some  of  the  physical  processes  concenied 
in  these  operations.  The  chemical  processes  will  subsequently  receive 
attention. 

The  explanation  of  the  pliysical  processes  in  cells  is  to  l>e  found  m 
the  molecular  forces  which  fluid  molecules  exert  on  each  other  and  on 
solids  with  wliieh  they  may  be  in  contact. 

1,  CiuiEsuiN  is  the  force  which  lauds  together  adjacent  molecules  of 
the  same  nature  j  for  example,  two  molecules  of  water  or  two  molecules 
of  iron.  Tins  attractive  force  is  strongly  exerted  in  solids,  less  so  hi 
liquid,  and  is  absent  iu  gases.  It  is  measured  by  the  force  which  is 
required  to  tear  a  body  asunder.  The  closer  the  molecules  of  a  body 
are  together,  the  greater  their  cohesive  force. 

Cohesion  varies  inversely  with  the  square  of  the  distance  which 
separates  the  molecules;  anytliiug,  theref<>re,  wliirh  drives  the  molecules 
apart  will  tend  to  weaken  their  cohesive  force.  When  bodies  are  heated 
the  expansion  which  they  undergo  is  due  to  the  separation  of  tlieir  mole- 
cules. Hence,  when  s*iltds  are  heated  tlieir  molecules  are  further  and 
further  separated  until  finally  tlieir  cohesive  force  is  halanced  by  the 
repulsive  force,  and  the  bodies  pass  from  a  solid  to  a  liquid  state.     This 


4 


PHYSICAJL  PKOCESSES  IK   CELLS. 


39 


occurs  io  all  cases,  provided  the  heat  to  whicb  tlioy  are  subjected  does 

.not  cause  thein  to  undergo  clu'!iik*ul  t'liaiige^     If  a  body  wlucb  haw  been 

fused    by  heat    lia?^  its    teiuiie  rut  lire    still    I'lirtljer   raised    its   iiioleeules 

become  so  inurli    further   separated  that  the  force  of  eohesiou  is  not 

eutUeient  to  keep  tlieui  iu  contact,  aod  the  body  then  beconich*  vnporizetb 

In  IhiuicU  the  force  of  cohesion  is  not  great;  hence  their  molecules 

are  readily  dispkced  and  a  niassof  liiiiiid  assumes  the  3ha|>eorthe  %^essel 

m^hleh  contains  it;  iu  other  words,  the  force  of  gravity  overcomes  the 

^  force  of  cohesion.    Cohesive  force  is,  nevertheless,  present  in  liquids,  and 

may  be  demon Htratetl  by  tlie  ditllmlty  with  which  a  plate  of  glass  placed 

horizoTitaUy  in  contact  with  the  surfiice  of  water  is  removed  vertically 

upward.     This  dirticulty  is  due  to  the  iact  that  the  adhesion  of  the  glass 

to  the  water  being  gi*eater  than  the  cohesion  of  the  water,  the  nioleeides 

of  water  must  be  violently  sepiirated  to  permit  of  the  removal  of  the 

The  spheroidal  form  nsHumed  by  small  masses  of  liquid,  as  iu  a  drop 
of  dew^a  globule  of  mercury,  is  due  to  the  working  of  the  force  of  cohe- 
sion of  the  molecules  of  the  liquiil.  In  a  small  drop  of  mercury  placed 
on  a  surface  for  which  it  has  no  adhesion,  as  wood  or  glass,  the  aum  of 
the  mutual  attnietions  of  all  its  molecules  being  greater  than  the  force 
of  gravity  acting  on  them,  the  globule  assumes  the  spherical  form.  If, 
however,  the  drop  of  mercury  is  large,  then  the  force  of  gravity  increas- 
ing with  the  mass  of  the  body  becomes  greater  than  its  cohesion  and  the 
drop  1>eeomes  fattened. 

The  molecules  of  all  liquids  attracting  each  other,  it  is  evideut  that 
tbe  molecules  iu  the  free  wurfttce  of  a  liquid  will  be  attriirted  by  and  will 
attract  those  below^  them,  but  will  exert  or  will  be  subjected  to  no  exter- 
nal attraction.  At  the  surface  of  liquids,  therefore,  there  is  always  an 
inward  attraction,  which  is  called  surface  tension.  Of  course,  in  these 
considenitions  external  accidental  pressures  and  attractions  to  which  the 
liquid  may  l>e  subjected  are  neglected,  ' 

The  surface  tension  of  liquids  is  well  illustrated  by  blowing  a  soajv 
bubble  ou  the  end  of  a  glass  tube ;  as  long  as  the  other  end  of  the  tube 
remains  closed  the  elastic  tension  of  the  air  in  the  bubble  bahuices  the  sur- 
face tension  of  the  soap-film,  but  when  the  end  of  the  glass  tube  is  opened 
Uie  tension  of  the  film  leads  to  the  contraction  and  final  dis!i|qreiirance 
of  the  bubble.  So  also  insects  can  move  on  the  surface  of  water  without 
sinking,  for  the  water,  not  being  able  to  wet  their  feet,  forms  a  depression, 
and  the  elastic  reaction  of  the  surface  supports  tliem.  The  case  is  simi- 
lar when  a  sewing-needle  is  floated  on  water;  as  the  needle  is  coated 
with  a  thin  film  of  oil  the  water  does  not  adhere  to  it.tlie  surface  becomes 
dejiressed,  and  its  increased  tension  serves  to  support  tlte  weight.  Wash- 
ing the  needle  first  iu  alcohol,  ether,  or  potash  caui*es  it  at  once  to  sink* 
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Tlie  importance  of  these  facts  will  be  seen  in  the  explanation  of 
capillary  plieiioineua, 

%  Adhesion  is  the  molecular  attraction  exerted  between  the  surfaces 
of  bmlies  in  contact  j  it^  may  be  manifested  between  solids  (as  betiveea 
two  freshly -<nit  surtaces  of  a  leaden  bnllet,  or  two  pieces  of  plate-glass), 
between  solids  and  liquids  (as  when  a  drop  remains  clinging  to  a  ghiss 
rod  which  has  been  dipped  in  water),  and  between  solids  and  gases  (aa 
shown  b}^  the  ! nibbles  of  air  which  adhere  to  a  glass  or  metal  plate  when 
immersed  in  w^ater). 

Tlie  adhesion  of  liquids  to  solids^  which  alone  of  the  above  will 
receive  attention  at  present*  is  greater  than  the  cohesion  of  liquids,  as 
already  mentioned.  Thus,  when  a  drop  of  water  is  placed  on  a  glass 
snrface  it  does  not  assume  the  i^pheroiilal  form,  hut  lieeotues  flattened 
out,  showing  that  tbe  adhesion  of  the  water  to  the  glass  is  greater  than 
the  cohesion  of  the  water  If»  however,  the  glass  plate  be  greasy,  then 
the  drop  of  water  will  exert  no  adhesion  to  the  glass  and  will  remain 
spheroidal.     This  adhesion  of  liquids  to  solids  is   not  uuivei-salj  but 
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CAPILLABY  PHBNOMSKA.     {Oanot.} 

depends  on  the  nature  of  both  the  solid  and  the  liquid.  Certain  liquids 
are  capable  of  adliering  to,  or  wetftng^  cert^iin  solids  and  not  others  ;  and 
a  solid  to  which  one  liquid  will  adbere  will  be  inert»  or  even  repulsive  to 
another.  These  facts  also  are  of  impoitance  in  the  explanation  of 
capillaritif, 

3.  Captllaeity, — When  a  solid  body  is  placed  in  contact  with  a  liquid 
the  phenomena  (attraction  or  repulsion)  which  result  are  termed  capillurv 
piieuomena  from  the  fact  tliat  tliey  are  best  seen  when  capillary  tubes 
(cainllns^  a  hair)  are  immersed  in  liquids. 

As  already  stated,  water  is  capable  of  adhering  to  glass.  When  a 
glass  rod  is  dipped  into  w*ater,  tlic  W!iter  Is  raised  np  against  tbe  sides 
of  the  rod  to  form  a  concave  surface  above  the  level  of  the  water,  as  if 
no  longer  sulyect  to  the  laws  of  gravity  (Fig,  27).  If,  on  the  other 
hand,  a  glass  rod  be  dipped  into  mercury,  which  does  not  ail  here  to 
it,  the  mercury  is  depressed  around  the  rod»  forming  a  convex  surface 
below  the  level  of  the  surrounding  fluid  (Fig.  2H),  If  glass  tubes 
with   narrow  bore  are  immersed  in  water  aud  mercury,  in  the  former 
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the  water  will  rise  within  the  tube  coiisidemljly  above  the  level  of 
the  water  outside,  and  the  surface  of  the  water  in  the  tiilje  will  he 
concave  (concave  meniticuis);  while  the  mereiiry  will  be  depresscil  in 
the  ^laaa  tul>e  Uelow  the  level  of  the  inercurj  on  the  outsule  and  the 
surface  of  the  mereurv  within  the  tube  will  he  convex  {vonvejr  memscutf) 
(Figs.  29  and  30).  If  any  two  bodies^  such  a«  two  glass  plates,  are 
immersed  aufflcientl}^  near  to  each  other  in  a  liquid,  the  liquid  will 
rise  or  be  depressed  between  them,  accord in;^  as  the  liquid  bus  or 
has  not  any  adhesion  to  the  pliitcs  (Fig.  31)^  the  dejiree  of  elevation  or 
depression  being  one-half  what  it  would  be  if  a  tube  of  gla^s  whose 
diameter  equals  the  distance  between  the  two  plates  were  iniiuersed  in  tlie 
same  liquids.  If  a  drop  of  water  be  placed  in  a  conical  ghiss  tube  of 
small  angle  and  horizontal  axis,  each  en<l  of  tlie  drop  will  have  a  concave 
meniscus  and  it  will  move  from  the  large  to  the  small  end  of  the  tube: 
if  the  liquid  l*e  mercury t  each  end  will  have  a  convex  meniscus  and  it 
•frill  move  in  the  re^'erse  direction  (Figs.  32  and  33), 

In   the   explaniiti*m   of  capillary  phenomena 

two  causes  <leserve  attention :  iirst,  the  cause  of 

the  curvature  of  the  surface,  wnd,  8i'ffind,tlie  cause 

of  the  ascent  or  depression  of  the  liquid  within 

^    the  tube. 
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The  form  of  the  surface  of  a  lifpiid  in  contact  with  a  solid  depends 
on  the  relation  between  the  attmction  exerted  by  tlie  solid  on  the  liquid 
and  the  mutual  attractions  of  the  molecules  of  the  liquid.  Any  molecule 
of  a  liquid  in  which  a  solid  is  immersed  is  acte<l  on  by  three  forces:  1st, 
gravity;  2d,  the  attractive  force  of  the  solid  for  the  liquiil  molecule  ;  and 
3d,  the  cohesive  attractions  of  the  other  molecules  of  tlie  fluid. 

According  to  the  relative  intensities  of  these  forces  their  resultant 
may  occupy  one  of  three  positions  : — 

fHrsL — If  the  attraction  of  the  solid  balances  the  cohesive  attrac- 
tion of  the  fluids  the  resultant  of  tliese  two  forces  will  coincide  with  the 
force  of  gravity  and  the  surljice  of  the  ^uid  will  be  horizontal;  for  to 
be  in  equilibrium  the  surface  of  a  liquid  must  be  at  right  angles  to  the 
direction  of  the  resultant  of  all  the  forces  acting  on  tbat  liquid 
(Fig.  34). 

Seromi,— If  the  attractive  force  of  the  solid  for  the  fluid  increases, 
or  if  the  cohesive  force  of  the  liquid  diminishes,  the  re>*ultant  will  fall 
outride  of  the  line  of  gravity  or  between  the  line  of  attraction  of  the 
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solid  and  the  line  of  gravity,  ami  tlie  Biirface  of  the  liquid  Wmg  at  right 
angles  to  that  resnltuiit  will  be  eonrrive  (Fig.  35). 

Third. — It'  the  attraction  of  the  solid  for  the  liquid  decreases, or 
the  cohesive  attraction  of  the  liquid  increases,  the  resultant  will  fall  to 
the  otl»cr  side  of  the  line  of  gravity,  or  Wtween  the*  line  of  eohesive 
force  of  the  liquiVl  and  the  line  of  gravity,  an<l  the  surface  of  the  liquid, 
being  perpendicular  to  that  resultant,  will  be  convex  (Fig,  3f>), 
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Diagrams  ii^i^uaxRATixo  Cause  of  CruvATx-nn  of  Li<iCii>  Sujir^cEa  ik 
Contact  with  8olid».    {(iamd.) 

Tb*  molMnil*  «n  tt  soted  aq  bjr  gr»Hl/.  in  th«  vartic&l  tlct*  m  P :  ii  attnuiod  by  tli«  rlKtfi  n  fn  f^e  Uti« 
flKtn  ftfld  t)jr  tli«  tli|iiiij  FJit  the  tiino  rf4  F-    Th«illr«vti4if]i  of  the  re»iiltint  j4<  K  MHTi]«t|>en»!  '•  '!«« 

i.Dl»il*itiM  rif  (.h«M  fiirt^ji.     tr  H  M  itatl  m  T  tHil»EM>9«  tlis  f«BUltACit  ill  vcrtJcjiL  m  R  <  Fig.  :f  4  ,>^:« 

1«  tiQrbiiatAl.    Ham  himiuwi,  <ir  m  F  tlfl«itHi««B.  (h«  rticnItKnt  R  i»  m llhi  a  ihie  Knjtla  •<  '^^  ^  <  i-:'<« 

{it«)iicii.F«i  FiK-<1A).    ITmi  F  lini^rtiiiJMJ,  ur  m  rti  d««r«awM.  th«  roaulbiitit  R  is  t^ithiu  th«  un^r.  i     ,  .    i  ilkit 

Kdrftuw  u  c»fiv9i.  Utx  tli«  ftirfiie*  of  &  Unlaid  U  ftlw*;a  ]Aqi«&diiml*jr  to  tiba  rwaluntur  h«fu«*  iH»uia$  tm 
ft«tua]w^utv4{Fig.:)6K 

The  ascent  or  descent  of  liquid  within  a  capillaiy  tube  is  dependent 
on  the  manner  in  which  the  curvature  of  the  surface  modifies  the  prin- 
ciples (tf  hydrostatie  equiiilu'ium. 

When  a  tube  of  large  calibre  is  immersed  in  a  vessel  containing 
liquid  the  euuditione  of  equilihrjuiu  are  the  same  as  in  two  communicating 
vessels  containing  the  same  tiuid.     Kquilibrinm  is  only  possible  when  the 

surface  of  the  liquid  in  Iwith  vessels  is 
on  the  same  horizontal  plane.  For,  take 
any  molecule  in  the  plane  MN  (Fig.  37), 
It  will  be  subjected  to  a  *1  own  ward  pres- 
sure equal  to  the  weiglit  of  a  column  of 
the  banje  fluids  the  height  of  which  ia  equal 
to  the  distance  of  that  irioleenle  from  the 
snrlaee  of  the  fluid  within  the  tid>e.  It 
will  also  be  subjected  to  an  upward  pres- 
sure which  is  equal  to  the  weight  of  a 
column  of  liquid  whose  height  is  equal  to 
the  distance  of  that  plane  from  the  surface 
of  the  liquid  without  the  tul>c.  These  weights  are^  however,  equal. 
Therefore  every  molecule  in  the  plane  MX  will  lie  subjected  to  equal  and 
contrary  previa nr*^s,  and  will  consequently  be  in  equililirium. 

Suppose,  however,  the  tnlie  have  a  diameter  less  than  one  millinieter. 
The  concave  surfaces   produced   by  the  adhesion  of  the   fluid  to  the 
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walls  of  the  tulie  will  then  intersect,  ami  tbe  surface  of  the  fluid  within 
the  tube  will  be  a  concave  meniscus.  lu  other  worfU,  every  portion  of 
the  surface  of  tbe  liquid  wrtbin  the  tube  will  be  untler  the  attmetive  influ- 
ence of  the  walls  of  the  tube.  A  ccrtnin  portion  of  the  fluid  within  the 
tul>e  will  so  Ix*  hi4d  up  by  adhesion  to  the  tube,  and  will  henee  exert 
no  downward  pressure.  As  a  consequence  the  downward  pressure  within 
the  tube  will  lie  less  than  tbe  upward  pressure  of  a  column  of  fluid  of 
the  same  bei^^ht  without  the  tul>e*  Any  molecule  on  any  plane  below 
the  surface  of  the  fluid  in  the  tnl»e  would  so  l>e  subjected  to  two 
unequal  iiressurea,  a  greater  upward  pressure  and  a  lesser  diownward 
j>re9sure ;  the  column  of  licpiid  will  therefore  rise  within  the  tube  until 
these  two  pressures  are  equal. 

When,  however,  the  force  of  cohesion  of  the  liquid  is  greater  than 
that  of  adhesion  to  the  walls  of  tbe  tube,  as  already  explained,  the  sur- 
face liecoines  convex  and  the  surtaee  tension  is  increased.  Since  the 
moiecular  forces  are  greater  than  gravity,  tlie  downward  pressure  in  the 
tube  is  greater  than  the  upward  pressure  to  which  any  ])lane  is  subjected 
by  the  weight  of  the  liquid  outside  of  the  tube.  The  fluid  then  is  de- 
pressed in  the  tube  until  these  two  |>ressures  are  equaU 

Capillarity  |>artly  explains  the  ascent  of  the  sap  in  trees,  the  ascent 
of  oil  in  a  lain|*-wiek,  to  a  certain  extent  the  movement  of  the  blood  and 
lymph  in  the  capillaries,  but  more  especially  the  entrance  of  fluid  into 
porous  bodies, — a  fact  of  the  *?reatest  importance  as  underlying  the  expla- 
nation of  imbibition,  filtration,  and  osmosis.  ^ 

4.  Soi.UTr(»x — That  a  sulistance  may  enter  the  interior  of  cells  it 
ninst,  as  a  rule,  be  in  a  state  of  solntion;  though  we  shall  find,  Mhcn  we 
Btudy  the  process  of  absorption,  that  there  are  several  exceptions  to  this 
statement. 

The  process  of  solution  of  solids  in  fluids  is  of  very  general  occur- 
rence in  cell  life.  Almost  all  food-stuffs  are  solid,  and  to  be  of  nutritive 
value  must  first  be  reduced  to  the  form  of  a  solution  ;  even  the  con- 
sumption of  orn'anie  mutter  in  tlie  vital  ]iroce8ses  of  a  cell  results  in  the 
formation  of  a  watery  solution,  as  in  the  fornialion  of  urines  sweat,  and 
the  various  secretions. 

When  a  solid  dissolves  in  a  liquid,  the  cohesion  of  the  molecules 
of  the  solid  is  broken  liy  their  adliesion  for  the  molecuics  of  the  liquid. 
When,  therefore,  the  attraction  of  the  liquid  for  the  solid  is  greater 
than  the  cohesion  of  the  solid,  the  latter  is  said  to  \m  soluble  and  its 
molecules  separate.  The  limit  of  solnliilit^'  is  reached  when  the  attrac- 
tions of  adhesion  and  cohesion  are  balanced, 

An^'thing:  that  reduces  the  cohesion  of  a  solid  favors  its  solution; 
thus,  heat  accelerates  solution  by  separating  solid  molecules  through 
the  expantiion  which  it  produces ,  and,  by  increasing  the  distance  between 


u 


PHYSIOLOGY  OF  THE  DOMESTIC  ANIMALS. 


the  molcoulcs,  thereby  weakens  their  cohesive  force.  Fulverizing^  by 
mechanically  se|>[imting  the  molecules  to  a  certain  extent^  also  assists 
solution. 

Heat  is  always  essential  to  the  convermon  of  a  solid  into  a  solution. 
Ordinarily  the  heat  is  abstracted  from  the  surroniulrng  media,  and  is 
rendered  latent  in  the  solution,  thus  explaininp^  the  mode  of  action  of 
freezing  mixtures.  The  amount  of  heat  so  rendered  latent  in  forming  a 
solution  is  nearly  always  equivalent  to  the  amount  required  to  melt  the 
body. 

In  certain  cases,  however,  instead  of  the  tem|7erature  lieing  lowered 
in  the  process  of  solution,  it  actually  rises,  as  when  caustic  |K>tash  is  dis- 
solved in  water.  This  dejiends  U|»on  the  fact  that  two  cuutntry  proc- 
esses  are  goinfj  on  at  the  same  time ;  the  soluti^m,  which  tends  always 
to  produce  a  reduction  of  tcmi>ei'atiire,  and  tiie  cheniical  union  of  the 
potash  with  the  water,  which,  like  many  other  chemical  processes,  tends  to 
cause  an  increase  of  temperature.  Consequently,  as  one  or  the  other  of 
these  processes  predominates  the  temperature  will  fall  or  rise;  or,  if  the 
two  bfdance,  will  remain  unchanged. 

Solubility  varies  greatly  in  different  bodies  and  in  different  liquids^ 
Some  solids  are  soluble  only  in  hot  media,  and  are  dep«*sitcd  on  cool- 
ing; others  only  in  cold  liquids,  and  are  thrown  out  of  solution  wiien 
the  temperature  of  the  liquid  is  raised.  As  a  rule,  bmlies  dissolve  in 
liquids  which  have  siniiiar  properties ;  thus  cr3'8talliue  hodifs  are  soluble 
in  water,  fats  in  oil,  metals  in  mercury,  and  resins  in  alcohol, 

**  When  two  or  more  salts  are  dissolve<l  in  water  without  chemical 
action  on  each  other^  three  conditions  result :  1st,  The  quantily  ot  each 
salt  held  in  solution  is  lesa  than  wlien  it  alone  is  present,  though  the 
combined  quantity  is  greater  than  when  only  one  salt  is  used,  2d-  The 
quantity  of  exich  is  as  grt^at  as  when  one  only  is  used;  then  the  total 
quantity  dissolved  is  the  sum  of  thnt  taken  up  in  each  single  solution, 
3d.  The  quantity  dissolved  is  greater  than  when  one  alone  is  used, 
the  addition  of  the  second  salt  in  this  ca>^e  increasing  the  solubility  of 
the  first,  and  often  the  first  increasing  also  the  solubility  of  the  second'' 
(Prat>cr). 

When  the  cohesion  of  the  solid  and  its  adhesion  for  the  liquid  mole- 
cules balance,  the  solution  is  then  said  to  be  saturatt'd.  In  tljc  case  of 
certain  fluids,  like  alcohol  and  water,  there  is  no  limit  to  solululity  ;  their 
molecules  will  freely  mingle  with  each  other,  and  the  resulting  liquid  is 
said  to  Ik*  a  mixtitre,  or  an  emuiMon,  On  the  other  hand,  two  liquids 
may  offer  an  exam]»le  of  true  solution,  one  l^ing  only  capable  of  |iassing 
to  a  certain  degree  between  the  molecules  of  the  other,  as  in  the  case  of 
volatile  oils  and  water,  where  the  limit  of  solulnlity  is  readily  reached. 

5.   Imbibition.— Every  porous  solid  may  be  coasidered  as  formed  of 
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a  collection  of  capillar^'  tul>es.  When  such  a  solid  (e.gr.^  a  piece  of  chalk) 
is  iinmersi^d  in  a  tlui<l  wliicli  is  capable  of  weltiptr  it,  the  fluid  will  enter 
into  the  |K>res  of  the  solid  through  eapiilarHy,  iind  will  remain  even  after 
the  body  is  removed  from  the  fluid.     The  solid  is  then   said  to  have 

rsbsorbed  fluid  hy  imbibition,  Orj^nnic  bodies  also  are  eopnbie  of  absorb- 
ing fluid  by  imbibition,  but  the  process  ia  somewhat  diiferent  from  that 
of  the  inorganic  porous  bod3% 

Every  orcranic  body,  no  matter  what  its  eonaisteney,  contains  always 
a  large  amount  of  wnter  in  its  eomposition,  to  whieh  ikiid,  as  we  shall 
find  later,  many  of  the  physiciil  properties  of  the  tissues  are  due.  When 
inorganic  bodies  contain  fluid,  that  fluid  is  held  in  one  of  two  ways,— 

^either  chemically  united  with  the  body,  as  iu  hydrates,  or  as  water  of 
crystallization  ;  or  mechanically  in  the  |iores  of  the  solid.  Organic  bodies 
occupy  a  mean  between  these  two.  The  water  in  their  composition  is 
not  in  a  form  of  chemical  combination^  nor  is  it  held  meclianically  in 

I  pores,  as  in  the  porous  inorganic  bo*ly,  though  the  conditions  are  some- 
irhat  similar  to  the  hitter  case.  Tliat  there  is  a  difference,  however,  is 
proved  by  the  different  eft  eels  of  the  abstraction  of  water  from  organic 
and  porous  inorganic  bodies.  The  fjhysicnl  characters  of  porous,  inor- 
ganic solids,  such  as  biike<l  clay,  are  not  seriously  altered  by  the  removal 

I  of  water  contained  in  their  pores.  The  abstraction  of  water  from  semi- 
solid organic  Ixxlics,  on  the  other  hand,  entirely  changes  their  iihysieal 
and  physiological  properties,  A  piece  of  connective  tissue  in  its  fresh 
condition  is  soft,  white  and  glisten  in  jr,  flexible,  extensible  and  elastic. 
When  the  water  whieh  it  contains  is  removed  by  drying,  it  shrivels  up, 
becomes  rigid,  yellowish  in  color,  brittle,  and  loses  weight.  If  it  be  then 
immersed  in  water  its  previous  characters  will  be  restored.  This  differ- 
ence in  the  manner  in  which  the  water  entering  into  the  composition  of 
organic  and  inorganic  bodies  is  held  is  exiilained  by  the  assumption  that 
in  the  porous  inorganic  Iwdy  the  water  occupies  comparatively  large 
dpaces  between  particles  of  solid,  while  in  the  organic  body  the  water 
tur rounds  the  ultimate  molecules  of  the  l>od3'.  Organic  tissues  may 
therefore  be  defined  as  bodies  whose  i  n  term  o  lee  til  ar  spaces  are  filled 
with  fluid. 

As  the  fluids  are  held  in  a  diff'erent  manner  in  inorganic  and  organic 
bodies,  It  is  natural  to  find  thut  the  way  in  which  the  fluid  is  absorbed 
dilfers  in  the  two  cases. 

When  a  dry,  porous,  inorganic  lK)dy,  such  as  a  piece  of  chalk,  is 
thrown  into  water,  the  water  enters  the  |*ores  of  the  chalk  by  capillarity 
and  displaces  the  air  which  was  contained  in  its  pores.  It  increases  in 
weight  by  the  addition  of  the  weight  of  the  absorbed  water,  but  does 
not  increase  in  vobmte.  When  a  dry  organic  body,  such  as  a  piece  of 
gelatin,  is  thrown  into  water  no  air  is  displaced,  and  yet  many  times 
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its  own  volume  of  water  mny  he  nbftorbed.  The  gelatin  roust  therefore 
increase  in  volmne.  The  fluitl  in  organic  iinl)il>ition  passes  Into  the  iiiter- 
molecular  siiaees  and  separates  the  molecules,  Tlmt  an  organic  body  may 
imbibe  fluid  it  is  consequently  necessary  that  its  molecules  be  freely 
movable. 

The  power  of  imbibition  possessed  by  tlie  organic  tissues  is  espe- 
cially due  to  their  all>uminoid  constituents.  Protoplasm  is,  therefore, 
above  all  capaljle  of  imbibition,  and  the  r^pid  formation  or  disapiiear- 
ance  of  vacuoles  in  ijrotoplasmic  celU  may  be  due  to  rapid  change^J  in 
imbibition. 

Every  organic  substance  has  a  limit  beyond  which  imbibition  is 
impossible.  This  limit  is  lower  when  the  water  contains  snlids  in  solu- 
tion, provided  the  solids  are  not  cliemically  acted  on  by  the  tissues,  from 
the  fact  that  imhilH^d  water  is  held  with  greater  tenacity  by  the  tissues 
than  are  the  sul»Htanees  behl  in  »obitit*n  in  the  water.  Thus,  when  a 
tissue  saturated  with  a  salt  solution  is  subjeeted  to  press.ure.  the  solution 
first  pressed  out  is  more  concentrated  than  that  which  is  forced  out  when 
the  pressure  is  subsequently  increased ;  and  in  general  the  fluids  lose  in 
concentration  in  imbibition.  Organic  tissues  therefore  abj^orb  water  with 
greater  readiness  than  saline  solutions.  The  importance  of  this  fact  will 
be  seen  in  the  explanation  of  osmosis. 

The  extent  of  imbibition  deiiendH,  therefore,  on  the  membrane  and 
the  nr.ture  of  the  fluid  with  winch  it  is  in  contact.  Thus  it  has  been 
found  by  Liebig  that  one  hundred  parts  of  ox-bladder  absorl«,  of — 

Water.        .        . 2ilH  volumes. 

Salt  atikUion  (1.204  flp,  ^.),     .        ,        .        ,     13:i 

Alcfjliid  <84percent,) 8«        *' 

Murnivv  oil.        ,        ,        .        ,        ,        ,        ,17        *' 

Membrane,  therefore,  has  less  affinity  for  a  salt  solution  tlian  for 
water.  This  may  also  be  shown  by  soaking  a  bladder  in  water,  wiping 
it  dry»  and  then  sprinkling  it  with  comtnon  salt.  The  salt  comes  in 
contact  with  some  of  the  water  in  the  bladder^  dissolves*  and  forms  a 
salt  solution.  But  as  the  membrane  can  contain  less  salt  solution  than 
water,  some  of  the  solution  is  exjielled  and  the  bladder  shrivels  up. 
So  also  a  moistened  bladder  thrown  into  alcohol  shrivels  up,  because 
the  alcohol  mixes  with  the  water  in  the  bladder;  antl  as  the  liladder, 
as  shown  above,  can  only  alisorb  one-seven  tit  as  much  alcohol  as 
water,  the  solution  is  driven  out.  This  is  the  explanation  of  the  use 
of  alcohol  and  various  saline  solutions  for  hardening  tissues  for  making 
microscopic  sections. 

Iti  the  nutrition  of  animal  cells  the  process  of  imbibition  is  an 
important  factor.  Every  substance  which  in  solulrle  in  water  is  capable 
of  being  appropriated  by  the  protoplasm  and  may,  through  imbibition , 
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obtain  access  to  the  interior  of  cells,  to  there  undergo  the  transformations 
wUicb  the  neeils  of  the  economy  necessitate.  In  eulls  whicli  possess  a 
closed  membrane,  capilljirity  msiy  also  be  concerned;  for  there  is  reason 
I  to  suppose  that  the  striated  a]jpearanee  which  is  seen  on  examining  most 
celKmembraiies  with  a  high  power  under  the  microscope  is  in  reality-  due 
to  the  presence  of  minute  apertures,  or  canalieuli.  Fluid  will  tlierefore 
enter  tlie  pores  in  tlie  meraluanes  of  cells,  and  so  olitaiu  access  to  the 
protoplasmic  celt-contents.  The  passajze  of  Uuids,  however,  through  the 
cell-membrane  is  not  necessarily  dependent  on  capillaritj'*  For  the 
celbmembrane,  like  other  organic  tissues,  is  eapai>le  of  absorbing  water 
by  imbibition  in  the  same  way  in  wbicb  water  is  absorbed  by  gelatin,  i.e, 
by  entering  into  its  intermolecidar  spaces.  The  state  of  alUurs  is  thus 
similar  to  the  conditions  described  in  tlie  experiment  witli  the  bladder 
and  salt.  We  have  an  organic  tissue  soaked  with  a  fluid  in  contact  with 
a  snbetance  (protoplasm)  having  an  aflhiity  for  that  ihiid  greater  tlmn 
the  affinity  of  the  membrane  for  the  tluid  ;  the  tluid,  therefore,  leaves 
the  celbniembrane  to  enter  the  protoplasm  by  organic  indjibition. 

The  affinity  of  protoplasm  for  water  is  never  satisfied  during  life: 
or,  in  other  words,  the  maximum  anuHtnt  of  water  capable  of  being 
absorl)ed  by  cell -con  tents  is  never  reaebed,  Ctlls  wjll^  there  fore»  always 
absorb  fluid  when  brought  into  contact  with  it,  and  by  so  doing  will 
tend  to  increase  in  volume.  As,  however,  the  extensihility  of  cell- 
membranes  is  in  most  cases  very  limited,  the  increase  in  volume  of  the 
eell-con tents  will  tend  to  cause  Jiliratum  of  the  fluid  contained  in  the 
meshes  of  the  protoplasm  back  through  the  cell-membrane  to  the 
exterior. 

These  facts  which  we  have  learned  in  reference  to  the  imbibition  of 
flaids  by  orgunic  tissues  give  but  an  imperfect  idea  of  the  processes  of 
imbibition  which  take  place  in  living  cells.  Many  fluids  which  are 
absorbed  by  dead  tissues  are  perfectly  indilTerent  to  living  cells,  and 
there  can  be  no  tloulit  but  tliat  imbibition  in  living  tissues  is  largely 
governed  by  the  nature  of  the  chemical  affinities  caused  by  the  chemical 
processes  continually  taking  place  in  the  interior  of  active  cells.  Thus^ 
living  tissues  (muHeies)  are  ineaimble  of  absorbing  dilute  solutions  of 
Bodium  salts;  the  same  tissues  when  dead  will  absorb  it  in  large  amounts* 
Potassium  salts,  on  the  other  hand,  are  rajjidly  absorljed  by  the  same 
tissue  and  almost  instantly  cause  its  death,  though  even  in  this  case  the 
power  of  imbibition  for  tlie  potassium  salt  is  greatly  increased  after 
death.  Again,  we  shall  find  that  tlie  prolonged  activity  of  mriny  tis- 
anes, especially  the  muscles,  is  matiifested  in  the  production  of  an  acid 
reaction  in  tlie  cell-contents ;  under  suci»  circumstances,  sodium  soluticns, 
which  are  indillerent  to  these  tissues  at  rest,  will  now  be  absorbed  by 
tbcm« 
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The  fol lowi II o^  figures  represent  the  behavior  of  the  muscular  tissue 
to  solutions  of  Uitferent  salts  (RtmkeJ: — 


Maximum  iMBiuiTioiff. 


1  Per  Cext.  NaCl. 
LiTlug,  resting  muscle, 

Living,  tetanized  muscle, 
Dead  muscle, 


13 
35 


I  Per  CK3f  t,  K  Ch 

Posiitivc,  hut  not  cftpabl*?  of 
cstimatiQDt  as  the  muscle 
fiiBtantly  died. 

Positive  ;  luyi  to  be  estiraaled, 
for  the  Burne  reaeon  us  above. 

13U  pt;r  cent. 


Perfectly  analogous  observations  have  also  been  made  in  tlie  case  of 
the  nervoriB  tissnein. 

It  would,  therefore,  appear  that  living  tissues  only  absorl>  by 
imbibition  when  their  vital  forces  are  iliininisbed  in  eni^ro:y.  In  the 
organism  the  cells  are  continually  bathed  in  a  fluid  which  contains  the 
BUitters  necessary  for  the  nutrition  of  the  cells.  If  tlie  cells  have  been 
at  rest  their  nutritive  equilibrinni  has  not  l)eeu  disturbed  and  imbibition 
does  not  take  place.  If,  however,  they  are  exhausteil  by  previous 
activity,  imbibitiou  is  then  inaugiirateil,  nutritive  substances  enter,  the 
results  of  cell  activity  arc  extrnded  (acids,  etc),  nutritive  equilibrium  is 
restored,  and  iniliibition  not  only  ceanes,  but  from  the  increased  volume 
of  the  eel l<H>u tents  pressure  is  i>roduced  on  the  celUraembrane  and  the 
excess  of  fluid  is  forced  through  ajraiu  to  the  exterior  by  filtmtion. 
Coiiseriueutly  cells  which  are  most  weakened  by  prolonged  activity  are 
the  cells  which  carry  on,  as  a  direct  result  of  the  ehemieal  aHinitie€» 
created  liy  that  activity,  the  most  active  imbibition.  By  these  peculi- 
arities in  the  conditions  which  govern  imbibition  in  living  cells  is  to  be 
explained  the  peculiar  distrilintion  of  the  inorganic  salts  in  the  animal 
body,^ — ^sodiuni  in  the  fluids,  potassium  in  the  solid  organs  of  the  l»ody. 
For,  as  we  know,  sodium  solutions  are  indifferent  fluids  and  are  not 
absorbed  Ity  the  tissues  unless  tliey  have  underizone  some  dejiression  in 
energy,  while  potassium  salts  in  solution  arc  rapidly  absorfjcd  and  lead 
to  the  death,  the  drowning  out  of  protoplasm. 

Ck  Fjltkatiom  or  Tkansudation  is  the  passage  of  fluid  through  a 
membrane  dependent  upon  inequality  of  hydrostatic  pressures ;  but  that 
a  fluid  should  so  pass  It  is  essential  that  the  membrane  be  capable  of 
absorbing  the  fluid  by  imbibition. 

The  greater  the  affinity  of  tlie  fluid  for  the  membrane  (see  Imbibition) 
the  more  rapidly  will  tlie  fluid  under  a  moderate  pressure  pass  through 
the  membrane:  thus  water,  or  even  a  saline  solution,  will  filter  more 
rapidly  than  oil.  Filtration  will  occur  more  rapidly  through  a  thin  than 
a  thick  membrane. 

The  rapidity  of  flltratiou  is,  further,  in  direct  proportion  to  the  pres- 
sure which  the  fluid  exerts  on  the  membrane,  and  increases  with  increaa- 
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iBg  temperature.  Solutions  of  cIitTerent  salts  puss  almost  iiimltered 
through  tot^mbranes,  tlioiifrh  the  filtmte.  finin  the  fact  that  the  laembrane 
ket?p3  back  some  of  the  water  of  soUition,  raa^'  be  more  concentrated. 
The  reverse  is  true  in  the  filtratiou  of  coUoids  (bodies  like  glue);  there 
the  filtmte  contains  a  smaller  |>erceutage  of  the  colloid  tlmii  the  original 
fluid, — from  the  fact  that  the  membrane  allows  more  water  to  pass  than 
gum,  albumen,  etc. 

This  explains  the  fact  that  colloid  l»odieB,  perhaps  on  acconnt  of 
the  great  !*ize  of  their  molecules,  arc  with  great  dirticultj  removerl  from 
the  pores  of  animal  ami  vegetable  tissues,  especially  since  it  has  been 
found  that  if  the  fluid  which  contains  colloids  in  solution  also  eontaiue 
crystalloids,  less  colloid  will  lilter  through  than  if  the  cryyta[loi<ls  had 
been  absent,  and  the  filtrate  is  richer  in  crystalloids  than  the  fluid  in  the 
filter.  Crystalloids,  therefore,  hinder  the  ii I tnition  of  colloids ;  and  as 
protoplasm  is  always  associated  with  certJiin  saline  bodies,  the  latter 
prevent  the  loss  uf  the  albuminoids  of  the  cell-contents. 

Many  of  the  phenomena  of  lilt  rati  on  mnj  be  explained  under  the 
working  of  the  laws  of  capillarity,  especially  when  the  tilter  is  an  inorganic, 
porous  solid.  When,  however,  it  is  an  organic  memT»ranej  as  of  course 
is  always  the  case  in  the  nnimal  or  vegetable  cell^  there  the  laws  of  imbi- 
bition are  of  prime  importance. 

Cell  life  furnishes  many  examples  of  the  process  of  fdt ration.  When 
the  cell*con tents  increase  in  bulk  through  imbibition  the  prei^sure  on  the 
interior  of  the  celbmembrane  is  greater  than  on  the  exterior;  substances 
in  solution  within  the  cell  ma}^  then  j>ass  tlirough  the  cell-membrane. 
The  formation  of  tlie  saline  constituents  of  tlie  various  secretions  is 
probibly  accomplished  in  this  way.  W'hen  the  flow  of  blood  is  obstructed 
in  a  vein  the  pressure  bark  of  the  obstruction  becomes  greatly  increased, 
and  the  water  and  valine  constituents  of  tlie  blood  pass  through  the 
walls  of  the  vessel.  In  thia  way  a»dema  and  dropsies  are  producetL  In  the 
lirer,  so  long  as  the  pressure  in  the  bile-*lucts  is  low,  the  bile  filtcrH  from 
the  liver-cells  into  the  liikMbicts.  But  if  the  flow  of  bile  is  interfered 
with  so  as  to  make  only  a  sliglit  resistance  in  the  bile-ducts,  the  bile  then 
filters  into  the  hepatic  parenchyma,  from  there  into  the  lymphatics^  by 
which  it  is  carrit'd  throughout  tlie  body,  and  jaundice  is  produced. 

When  the  renal  secretion  comes  under  consideration  it  will  be  found 
ttmt  the  |>rocess  of  filtration  there  lills  a  very  importaut  role. 

When  fluids  pass  from  the  interior  to  the  exterior  of  cells,  or  the 
reverse,  they  usually  come  into  contact  with  other  fluids.  Lender  certain 
circumstances  these  fluids  will  mix  ;  under  others  mixing  will  not  occur. 
Those  conditions  now  demand  consideration, 

7-  DiPFi'sioN  OF  LiQuiDs.^ — The  molecules  of  liquids,  as  has  been 
tlready  seen,  are  held  together  by  a  force  of  attraction,  or  cohesion  j  the 

4 


50 


PHYSIOLOGY  OF  THE  DOMESTIC  AKIMALS, 


molecules  of  liquids  are  also  capable  of  exerting  nn  attractive  force  on 
solids,  or  adhesion*  In  addition  to  these  two  modes  of  maiiifestatioii 
of  molecular  force,  inoletndes  of  liquids  are  capable  of  attracting  mole- 
cules of  other  liquids.  If  in  two  dttferent  liquids  brought  iuto  contact 
the  cohesive  force  between  the  molecules  of  each  liquid  is  greater  than 
the  attractive  force  between  the  mijleeules  of  the  ditferent  liquidK,  tlie 
liqiiida  remain  eeparate  and  ajjart,  a»d  are  said  not  to  be  miscible. 
Water  and  oil  furnish  examples  of  such  liquids. 

If,  however,  tlie  attraction  lictweeri  the  molecules  of  the  ditferent 
liquids  is  greater  than  the  cohesive  force  of  either,  then  the  liquids  will 
mix^  even  a^aimst  gravity,  until  tlie  mixture  liecomcs  uniform.  Such  a 
proeess  of  mixing  is  called  diffusion  of  liquids.  It  follows,  therefore, 
that  whenever  two  cheiziically  indilferent  lluids  are  brought  into  contact 
with  one  another  they  mix,  even  without  any  disturbing  cause,  until  a 
perfectly  uniform  mixture  results. 

Difiusion  may  l»e  illustrated  by  filling  a  small  bottle  with  some  saline 
solution  and  then  placing  it  in  a  large  jar^  which  is  then  carefully  filled 
with  distillcil  water,  so  poured  in  as  to  cover  the  mouth  of  the  small  jar 
wldch  contains  tlie  saline  solution,  at  the  same  time  avoiding  an j  mixing 
of  the  tluids  b3'  movement. 

If  a  small  portion  of  tlie  water  in  the  large  jar  is  then  drawn  off 
carefully  from  time  to  time  witli  a  ]npette,  it  will  be  found  that  the 
water  will  contain  a  gradually  increaisiug  quantity  of  the  milt,  until 
finally  the  jar  will  be  filled  with  a  perfectly  uniform  saline  solution. 

From  such  experiments  it  has  been  found  that  the  rapidity  of  dif- 
fusion increases  w^ith  the  extent  of  surfaces  in  contact,  with  the  tenn>era^ 
tare,  and  with  the  di  tie  re  nee  in  concentration  of  the  two  fiuids;  it  is, 
therefore,  more  ra|>id  at  the  Iwginning  of  the  experiment,  when  the  enter 
jar  contains  distiHed  water,  than  later,  wlieii  it  contains  a  saline  solution. 
The  rapidity  of  ditfuHion  also  varies  with  the  chemical  nature  of  the 
solutions ;  thus,  potassium  salts  ditlVise  much  more  readily  than  sodium 
aalts^ — R  point  which  we  shall  later  see  is  of  great  impoitance.  Acids  dif- 
fuse very  rapidly;  alkaline  salts  and  .^ugar  slower,  and  colloidH.  perhaps 
from  the  fact  that  they  cannot  form  true  solutions,  scarcely  at  all,  though 
colloids  in  solutions  with  crystalloids  do  not  interfere  with  the  diffusion 
of  the  latter;  w^hile,  when  two  salts  undergo  diffusion  together,  the  least 
diffusible  salt  ditl'uses  more  rapidly  than  it  would  alone. 

In  the  different  animal  tisstu^g,  in  addition  to  the  intermoleeular 
spaces  filled  with  fluid,  we  have  also  larger  spaces,  or  sensible  pores, 
which  contain  fiuiils,  and  which  form  a  system  of  more  or  less  line  canals 
traversing  the  diflerent  parts  of  the  body  (lymph-sj>aces,  lymi)h-  and 
blood-capillaries).  Therefore  every  internal  part  of  the  animal  body  is 
continual iy   bathed    in   liquid   into   which  fluids  leaving   the   cells  are 
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eapal»le  of  dilTusion.  In  most  eases,  however,  these  fluids  are  in  eoi> 
sUmt  motion,  and  tlie  purely  pbysical  phenomena  of  ditiuaion  are  of 
little  importance,  particularly  wlieii  tlie  extreme  slowness  of  ordinary 
ditfnsion  is  remembere<L  As  the  t'oniposition  of  the  fltiida  of  the  body 
is  continimlly  ebantri"g*  diflusion,  greatly  aided  by  the  motion  of  tlie 
fluids,  will,  nevertheless^  serve  to  maintain  a  eertiiin  degree  of  constancy 
of  eom|>osition. 

It  has  been  already  shown  thnt  when  watery  solutions  are  found  on 
dilTerent  sides  of  a  membranous  txirtilion,  as  in  the  case  of  the  cell-con- 
tents of  two  neighboring  eells  wlio«o  contents  are  more  or  less  fluid,  the 
membrane  does  not  serve  to  keep  the  Huids  aptirt.  For,  the  membrfine 
Knug  capable  of  absorbing  liquids  by  imbibition,  the  litjuids  (ill  the 
interraoleeular  spaces  of  the  membrane,  and  so  come  in  contact  witli  each 
other;  the  phenomena  of  rliifusion  tiien  eommence,  thotiijh  the  ju'ocess  is 
very  greatly  modified  by  the  behavior  of  the  interveuing  mcmbrune*  As 
already  mentionetl,  ditiTusion,  with  tliL'  exception  of  the  ]jart  it  plays  in 
dis^tributing  fluids  uniformly  through  the  interior  of  cells,  fills  quite  a 
secondary  role  in  the  physical  iiroeessen  of  the  animal  eeoucmiy.  Dif- 
fusion as  modified  by  the  passage  of  liquids  through  an  animal  membrane 
occupies  a  much  Iiigher  posit i<ni  in  point  of  importance. 

8.  Osmosis. — ^When  two  bquids  capabh-  of  mixing  are  separated  by  a 
membnmc  which  possesses  the  power  of  imbiljing  these  licpiids,  a  gradual 
imion  of  the  tw^o  liquids  takes  place  through  the  membrane. 

This  interchange,  which  is  called  osmosis,  continues  until  the  two 
liquids  are  equally  mixed  ;  cou.sequenily»  the  fiunl  result  is  the  same  as  if 
no  membrane  separiited  the  two  liquids,  though  the  process  is  essentially 
different;  for  the  difliistou  currents  must  be  modified  by  the  molecular 
forces  which  the  molecules  of  the  membrane  exert  on  tlte  li(|uids  in  con- 
tact with  them.  If  two  licjuids  are 
poured  into  the  arms  of  a  U*tube 
(Fig.  38)  so  that  they  are  in  eon- 
tact  at  A  they  will  mix,  but  tlie 
level  will  remain  the  same  in  both 
tnlies^  i.^.,  equal  portions  of  each 
liquid  pass  into  one  au other  in  equal 
time;  if,  on  the  other  hand,  a  mem- 
^brane  is  placed  at  A  the  liquids  will 

''*»lllix,  but  the  column  of  liquifl  will  rise  in  one  tube  above  the  original 
level  and  sink  to  a  corresponding  amount  in  the  other.  From  which  it 
follows  that  in  the  mixing  of  liipiids  through  a  membnine  the  interchange 
is  unequal,  i.e.,  more  of  one  liquid  passes  than  of  the  other.  The  current 
through  the  membrane  is  a  double  one.  Thus,  if  a  saturated  salt  solu- 
tion is  placed  in  one  arm  of  the  tube  and  an  equal  quantity  of  distilleji 
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water  be  placed  iu  the  other,  the  salt  sohition  will  soon  be  found  to  have 
increased  in  volume  and  the  water  to  have  decreased.  If  the  character 
of  the  two  liquids  is  then  examined  it  will  be  found  that  the  distilled 
water  is  no  longer  pure,  but  that  it  contains  salt ;  while  the  saline  solu- 
tion will  be  no  longer  satunited,  but  of  much  less  density.  Salt  has 
therefore  passed  through  to  tbe  water  and  water  passed  through  to  the 
salt  solution.  There  has  been,  however,  as  is  evident,  a  difference  in 
the  riipidity  with  which  the  two  substances  have  traversed  the  mem- 
brane. That  this  process  is  not  at  all  analogous  to  filtration — in  fact  is 
directly  opposed  to  it — is  seen  in  the  continued  ascent  of  the  column  of 
liquid  in  one  arm  of  the  tube,  showing  that  the  water  passes  to  the  salt 
solution  even  against  a  continually  increasing  hydrostatic  pressure. 
The  tendency  is  therefore  for  filtration  currents  to  form  in  the  opposite 
direction  to  the  osmotic  current.  If  one  liquid  is  water  and  the  other 
salt  solution,  the  amount  of  water  passing  to  the  salt  solution  for  each 
equivalent  of  salt  passing  to  the  water  is  called  the  osmotic  equivalent 
of  the  salt.  The  osmotic  equivalent  is  dependent  upon  the  chemical 
nature  of  the  body  and  the  concentration  of  its  solution. 

Thus,  for  sodium  chloride  it  is  4.3,  meaning  that  for  every  gramme 
of  salt  which  passes  through  the  membrane  4.3  grm.  of  water  will  pass 
in  the  opposite  direction  to  the  salt.  For  sodium  sulphate  it  is  11.6; 
potassium  sulphate,  12  ;  magnesium  sulphate,  11.7  ;  alcohol,  4.2 ;  sugar,  7.1. 

In  general  the  osmotic  equivalent  increases  with  the  temperature, 
and  varies  very  greatl}'  with  the  concentration  of  the  solutions. 

The  rapidity  with  which  different  bodies  diffuse  through  a  porous 
meml)rane  is  independent  of  their  osmotic  ecpiivalent,  but  is  directly 
dependent  upon  their  chemical  nature  and  solubility',  increasing  with 
solubility  ;  and  bodies  nearly  related  as  to  their  chemical  composition 
are  also  nearly  related  as  to  rapidity  of  diffusion.  The  rapidity  also 
increases  with  increasing  difference  of  concentration  between  the  two 
liquids  nnd  with  increase  of  temperature. 

AVhen  two  solutions  of  the  same  substance  but  of  different  densities 
are  allowed  to  diffuse  into  one  another,  the  denser  decreases  in  density 
and  the  lighter  increases,  and  the  same  alterations  of  volume  occur  as 
would  be  the  case  were  one  of  the  liquids  pure  water.  The  osmotic 
equivalent  is  in  both  eases  the  same,  but  in  the  former  case  the  rapidity 
of  osmosis  is  much  less. 

If  two  solutions  of  substances  of  different  chemical  composition  are 
allowed  to  diffuse,  the  rapidit}' will  increase  with  increase  in  the  chemical 
aftlnity  between  the  two  substances. 

All  colloids  pass  with  difficulty  through  organic  membranes,  but  as 
they  have  a  strong  affinity  for  water  they  draw  it  with  vigor  through 
organic  membranes  ;  hence,  their  osmotic  equivalent  is  very  high,  though 
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the  current  of  water  to  tlie  colloid  Is  very  slow,  possibly  because  tlie 

lurge  molecules  of  the  colloids  readily  stop  the  pores  of  tlie  iiiemljruiie. 
Albumen  iu  solution  passes  more  reiidily  throu|,di  a  luembnine  to  mix 
with  salt  solution  than  with  water.  A  very  concentrated  solution  of 
salt,  however,  prevents  rismosis  of  albumen  by  simply  removing  the  water 
from  the  albuminous  solution. 

When  a  solution  of  a  diifusible  substance,  together  with  a  solution 
of  a  colloid,  is  jilaced  on  uJie  icicle  of  a  menil*rnn€  antl  juire  water  on  the 
other,  at  (irst  mme  of  the  colloid  passes  tlirough  tlie  membnuie,  but 
simply  water  to  the  colloid  and  the  dillu&ible  Bul>stance  to  tbe  water; 
hence,  albumen  uiay  lie  freed  of  its  salts  by  diJliiHiou  (dialysis),  or,  if  a 
mixed  solution  of  sugar  and  gum  is  subjected  to  dialysis,  only  thesu^^ar 
passes  thron^rh  the  membrane. 

An  exeeption  to  this  is  seen  when  albumen  and  salts  dialyze  with  water. 
First  the  salts  pass,  then  the  albumen  passes  into  the  salt  solution. 

Just  as  We  found  there  were  two  kiiuU  of  indiibition, — the  capilhiry 
and  molecular, — so  are  there  two  kinds  of  osmosis,  which  differ  somewhut 
according  as  the  partition  between  the  two  tiuids  is  a  porous,  inorganic 
solid,  or  ail  organic  tissue  cMpable  of  absorbing  lifpud  hy  imbibition^  In 
the  case  of  a  porous,  inorganic  j>artitiou  the  phenomena  of  osmosis  are 
entirely  governed  by  capillarity  and  the  laws  of  dilfusion  iyf  liquids. 
Certain  litpiids  have  a  greater  tendency'  to  enter  capillary  tubes  than 
others,  Wlien,  therefore,  two  miscible  liipuds  are  separated  by  a  porous 
solid,  which  ma^^  be  regarded  as  a  collection  of  capillary  tubes,  the  liquid 
which  has  the  greater  alRnity  for  the  walls  of  the  tube  wdl  enter  to  a 
greater  extent  than  the  other,  antl  will  meet  the  other  tluid  advancing  in 
the  op)>osite  direction,  but  with  less  fi>rce  on  account  of  its  lesserallinity. 
The  two  liquids  thus  coming  into  contact  with  each  other  will  tliffuse  into 
each  other,  and  tlie  pores  will  be  oecuined  with  a  mixture  of  two  liquids, 
for  one  of  which  the  walls  of  the  tube  will  have  a  greater  afiinity  than 
for  the  other.  Then,  although  ditrusion  will  take  place  from  this  njixture 
into  tlie  liquid  of  greater  atlinity,  the  latter  continually  forcing  out  some 
of  the  mixture,  the  liquid  of  lesser  aflinity  will  continually  increase  in 
Tolume. 

In  the  case  of  organic  membranes,  the  power  possessed  by  the  mem- 
brane of  imbibing  diUercnt  liquids  enables  osmosis  to  take  place,  while 
the  direction  of  the  current  is  governed  by  the  alllnit}^  of  the  liquids  for 
the  membrane.  Whichever  liquid  has  tlie  greater  alHnily  for  the  mem- 
brane will  pass  in  gi'eatest  amount.  Here,  for  the  sake  of  sinqilifying 
the  matter,  we  may  assume  that  the  liifuid  which  has  entere*!  thi^  huer- 
molecular  spaces  of  the  membrane  is,  to  a  certain  extent,  governed  by 
the  same  conditions  which  apjily  to  the  entrance  of  liquids  into  capil- 
lary tubes. 
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When  an  organic  tissue  bas  absorbed  liquid  by  imbibition,  its  inter* 
molecular  spaces  \mi]g  filled  with  that  liquid,  the  liquid,  which  becomes 
auperliciul  on  i\w  fkr  Hk]e  of  the  menibnuie^  is  in  direct  continuity  with 
the  body  of  the  liquid  having  the  greater  affinity  for  the  membrane,  and 
in  direct  contact  with  the  liquid  of  lesser  alMuity.  Dirt'usion  phenomena 
tiierefore  comnienee. 

When  IX  memlrmne  liaB  a  tendency  to  inibil>e  water,  it  will  absorb 
more  water  tlmn  salt  sohition^  if  placed  between  water  and  a  salt  solu- 
tion, and  will  increase  in  \^oluinc.  In  every  pore  or  internioleeulnr 
Hpace  of  the  membrane,  therefore,  the  layer  of  li([nid  in  conflict  with 
tlie  sides  of  the  pores,  or  with  the  solid  molecules^  will  c<nitain  less 
salt  than  water. 

From  the  afKnity  which  the  two  liquids  exert  on  one  another  this 

condition  will  not  remain  constiint* 
and  the  rapidity  with  which  the  inter- 
change takes  place  will  depend  upon 
the  allinity  of  the  two  liquids  for 
one  another;  but  the  iuterchantje 
will  not  occur  in  the  same  manner 
aH  if  no  membrane  were  present,  ?*.e.» 
equal  quantities  of  salt  solution  and 
water  will  not  substitute  one  an- 
other, Such  an  interchange  will 
only  occur  in  the  centre  of  the  pore, 
wbile  on  the  wall  of  the  pores  only 
water  will  pass;  consequently  the 
salt  solution  will  increase  in  volume 
and  the  water  will  diminish  corre- 
spond Sntrly,  while  the  rapidity  of 
motion  ahmg  the  walls  will  be  less 
than  in  the  centre  of  the  pores  on 
acconnt  of  the  attraction  of  the 
walls  fnr  the  wnter. 
Therefore,  the  greater  the  concentration  of  the  salt  solution  the 
higher  will  be  the  osmotic  equivalent,  since  the  dilference  of  affinity  of 
the  niemlirane  for  tlie  water  na  compared  witli  the  salt  solntion  will  be 
the  more  marked.  This,  however,  oniy  applies  to  salts  whose  solutious 
are  also  imbibed  by  the  membrane;  where  this  is  not  the  case  increased 
concentration  produces  a  decrease  in  the  osmotic  equivalent,  for  in  the 
latter  case  there  will  Ivc^  more  tendency  fur  the  men) bra ne  to  hold  the 
layer  of  water  in  contact  with  the  w^alls  of  its  pores, 

Dillerent  membranes  will  consequently  modifv  the  osmotic  exchange 
of  liquids  takin*^  place  through  them, 
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Thas,  dry  membrane  will  show  ft  higher  osmotic  equivftlent  than 
ftesh  membranes  or  dried  mt'mbranes  moistened,  from  the  fact  that  the 
membrane  retuins  more  water  by  imbibition,  while  tiie  |ms8wige  of  the 
salt  is  facilitated. 

If  an  animal  mcmbnuie  separates  water  and  alcohiib  the  water  will 
pass  in  mucli  greater  amount,  for  membrane  ulKSorbs  water  mneh  more 
readily  than  alcohol  or  a  mixture  of  water  and  alcohol. 

Kublwr  or  eollodium  mendiranes,  on  tlie  other  hand,  allow  alcoliol 
to  p&»s  with  greatest  readiness,  as  such  membniiies  absorb  alcohol  mure 
readil}'  than  water. 

The  peneml  phennmenn  nP  osmosis  iiiny  he  well  illuS' 
traled  by  the  rgg-otmovitUr  (Fig-  4U).  'X\m  is  pnpjired 
liy  picking  off  h  \\\\\ii  of  the  i^bell  frmu  one  end  of  aa  cprg, 
taking:  cure  lo  leave  the  slR'll-memlmrne  intiRi;  while  a 
|rla>5  tube  is  cement  efl  armin*!  ii  Mind  I  bob'  inerct'd  thrnnirti 
hotb  shell  and  shell  menibraae  a(  the  opiuishe  end.  The 
end  at  whieb  fbe  shell  hiis  !>een  riMiiovvd  and  the  membmne 
left  undisturbed  ib  then  iimiierwed  in  distilled  water.  Alter 
a  time  it  will  be  fonnd  tlmt  water  has*  pns*?ed  from  the  out- 
ride 10  the  interior  of  I  he  eg»r,  as  sliowri  by  iln'  iBf-reased 
vohime.  the  white  of  the  eir»i  being  forced  up  into  llie  tube 

menied  on   the  o|ien  end  of  the  egg*     At   I  be  simn"  time 

*'  addition  of  nilnvie  of  silver  to  the  waler  m  whieh  the 
eeg  wa*i  lamiersed  will  show,  by  the  white  precipitate 
formed,  that  the  chlorides  have  x>»s^eil  from  the  inside  to 
The  outside  of  the  egg,  No  trace  of  albumen,  however,  is 
to  be  seen  in  the  distilbtl  water;  The  salts  of  the  egg,  or 
its  cryst^dloids,  have  tbu*^  parsed  by  osaioais  through  the 
egg-membriine,  water  has  idso  pussedp  while  the  egg-alhu- 
men,  a  colloid.  haB  been  retain ed, 

Tbetse  facts,  already  alluded  to,  that  cr^'slalloids  in  boIu* 
lion  will  pass  through  an  iinimal  niembrane,  while  colloids 
w*ill  not,  has  been  made  use  of  in  a  proeeps  wldeb  iB  fre- 
quently employed  by  the  chemist  to  sepamte  bodies  of  tbese 
two  cblsges^  Yhus,  alhunien,  or  any  other  ctdloid,  may  be 
entirely  freed  from  erysinJloids,  sueh  at<  ^iib  or  sugar,  by 
placing  it  on  one  fside  of  a  mcmbntne  with  a  large  quantity 
of  distilled  water,  which  i&  trctiuenMy  renewed,  on  the  other. 
The  salu  pass  through  the  luemhnine  to  the  water,  their 
place  being  taken  l>y  water,  while  the  albumen,  with  tlie 
exception  of  becoming  more  diluted,  remiuns  unchanged. 
This  process  is  termed  dw^^ais. 

Osmotic  phenomena,  consequently,  may  Ijc  referred  to  the  following 
causes  (Wundt)  i- — 

K    The  attinity  which  the  two  liquids  exert  on  one  nnolijer, 

2.  The  relative  alllnity  which  the  membrane  exerts  on  the  two 
liquids. 

3.  On  the  narrowness  of  the  poi*es  lhroo<]^h  which  the  liquids  diJlitse. 

4.  On  the  overcoming  of  the  adhesion  of  the  liquids  to  the  walls  of 
the  pores  throuG^h  increase  of  temiierature. 

The  importance  <d'  this  process  in  tlie  action  of  the  animal  orofanisiti  is 
rery  evideut,     Nearly  all  animal  tissues  are,  during  their  tutire  life^  in 
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a  state  of  tension  from  iinlnbition  (swollen) ;  therefore,  all  tissues  permit 
ttie  entrance  of  watery  and  saline  solutions,  and  jirevent  entnince  of 
U»|uids  not  niiHeilile  with  water.  The  iil^sorptioii  of  most  of  tlie  dissolved 
food-stuflls,  and  the  removal  of  deleterious  matters,  etc.,  by  tbe  glands 
from  the  blood  rest  on  osmotic  processes.  The  rej?nlts  as  to  the  different 
osmotic  e(|nivalent  of  different  substances  ;  the  liehavior  of  dilfereut 
inendirrines  to  ditlnsion  ;  the  diOVrent  eapability  of  animal  matter  for 
imbibing  diifcrent  solntioiis,  all  point  to  the  way  in  which  the  jjlamls 
remove  di  He  rent  substances  from  the  blood  where  no  other  explanation 
can  be  found  bnt  a  membrane  ami  cells  capal»le  of  absorbing  certain 
eolntions,  Tbe  presence  of  certain  salts  in  the  contents  uf  certain  cells 
is  without  doubt  instriiraental  in  shaping  the  capability  of  those  cells 
for  absorbinir  definite  sohitions, 

9.  Di I- FUSION  OF  O^giKJ^. — III  the  living  organism,  in  tlie  cell,  the 
vital  activities  are  only  carried  on  when  there  is  an  nnbroken  supply  of 
oxygen  conveyed  to  the  cells  either  in  the  form  of  a  free  gas  or  in 
hemoglobin.  And,  on  the  other  hand,  the  organism  cannot  exist  unless 
tliere  is  some  provision  made  for  tlie  removal  of  CO^,  conliiiually  formed 
in  physiological  oxidation,  and  which  itself  is  a  deadly  poison  to  cell 
activity.  These  two  gases  are,  therefore,  the  most  important  which  Iiave 
to  be  considered. 

In  pnbnonated,  air-breathing  animals  there  is  also  a  continual  exhala- 
tion of  watery  vapor;  tliere  is  also  a  eontinnul  eirenlalion  of  N  in  the 
lungs  of  animals,  as  X  forms  foiir-hlths  of  the  atmos[ihert\ 

Gaseous  interchange  in  the  organism  rests  miiinl}'  on  the  laws  of 
diffusion  an<l  absorption  of  gases,  though  these  laws  are  subject  to  some 
sliglit  modification  as  contrasted  with  their  application  to  inorganic 
matter. 

By  gaseous  diffusion  is  meant  the  mutual  mixing  of  two  or  more 
free  gases  ;  and,  as  in  licjuid  ditfusion,  it  results  in  a  nnif<*rm  mixture. 

Gases  whieli  pass  into  a  vacuum  lid  it  comijletely  and  uniformly;  this 
is  also  the  case  when  the  simce  into  which  a  gas  si  reams  is  already  occu- 
pied by  a  gas  which  is  chemically  indiMerent  to  the  lirst;  a  space  filled 
with  an  inditferent  gas  behaves  to  auothcr  gas  precisely  like  a  vacuum. 

If  two  flasks,  each  ])roviik*d  with  a  stoi>-cock,  ai-e  connected,  one 
Yertically  above  the  other,  antl  the  npjier  one  filled  with  hydrogen,  the 
lightest  of  gases,  and  the  lower  one  with  carbon  dioxide,  a  heavy  gas,  if 
the  stop-^-'oeks  are  now  opened,  in  a  short  time  it  will  be  found  that  half 
of  the  hydrogen,  in  spite  of  its  lighter  speciOc  gravity,  has  descen«ied 
into  the  lower  Hask,  while  half  of  the  carbon  dioxide  has  ascende<l 
against  gravity  into  the  ujiper  flask,  so  that  each  flask  will  contain  a 
lunform  mixture  of  the  two  gases  (Fig,  41).  Each  gas  has  ditfused  into 
the  other  as  into  a  vacuum,  and  what  hohls  for  the  di  (fusion  of  two 
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gases  applies  also  to  the  difrusion  of  several  gases;  so  that  the  general 
rule  may  l>e  foriimluled  :  If  a  luinibei"  of  gases  exerting  no  eljeniieal 
induenee  on  each  other  nre  allowed  to  tauter  a  space,  eaeli  gas  will  diiruse 
itself  iini family  through  that  space* 

If  the  amount  of  gas  in  any  giveTi  spaee  is  small  or  large,  or,  in 
other  wonls,  no  matter  what  the  gaseous  pressure  niiiy  be,  another  gas 
will  enter  that  space  preeisely  as  if  it  were  a  vaeuum. 

The    importance   of   these    laws    in    explaining  the   meehanism  of 
gaseous  interchange  in  res  |>i  rati  on  is  vury  evident     The  ntmcispliere  is 
composed  of  a  mechanieat  mixture  of  21  bout  |  nitrogen  and  J  oxygen. 
In  the  [JToeess  of  inspiintion  a  variable  amount  of  this 
gaseous  mixture  is  tlrawn  into  the  lungs.     It  then  meets 
with  a  gaseous  mixture  w^hieh  contains  less  ox\*gen  than 
the  atmosphere    (for    a  certain    amount  of  tlie   oxygen 
taken  in  in  |>revious  ins[)i rations  has   bet'U  removed    by 
the  lilofKl)^  and  whieh  contains  a  considerable  volume  of 
carbon  dioxide  removed  from  tlie  blood. 

Phenomena  of  ditriiHion,  therefore*  at  once  commence 
tweeu  the  air  already  in  the  lungs  ami  that  which  has 
Vntered  in  inspiration.  The  air  in  the  lungs  becomes 
gradually  |K>orer  in  oxygen  and  richer  in  carbon  dioxide, 
ns  the  air-cells  are  ap]ironehcd.  Diirusiun  tends  toeipial- 
ize  this  tiirterenee  ;  the  oxygen  of  the  inspired  air  diffuses 
into  the  deeper  portions  of  the  lungs,  the  carbon  dioxi<le 
dirtuses  from  the  sleeper  to  the  ui^ier  portion^  the  process 
being  a  constant  one;  for  the  dirference  in  the  relntive 
volumes  of  the  two  gases  in  the  upper  air-i>assages  is 
maintjiiued  by  repeated  expirations,  by  which  COj  is 
removed,  and  inspirations,  by  which  more  oxygen  is 
brought  into  the  lungs. 

The  CO,  formed  in  respiration  by  animal  organisms,  and  thng 
removed  from  them  in  respiration,  distributes  itself  nni for ndv  through 
tlie  atmosj»here,  so  that  there  is  everywiiere  a  unifbrm  percentage, 
unless  there  is  a  local  temporary  increase;  but  then  this  soon  becomes 
equalized  by  dilfnsion,  permnnent  increase  being  prevented  b}^  the 
Absorption  processes  in  tlie  vegetable  kingdom. 

The  tensioJi  of  0  in  the  atmospiierc*  is  fiir  greater  than  that  of  CO,, 
as  the  O  m  present  in  far  larger  proportion,  and  conversely. 

Ditfusion  leads  final ly  to  tlie  theoretical  result,  tlnit  all  gases  Jn  any 
given  space,  as  in  the  atmosphere^  exist  under  the  same  pressure  ;  when, 
therefore,  there  is  anywhere  a  temporary  increase  in  the  tension  of  a  gas, 
diffusion  commeuceH  and  tends  to  continue  until  there  is  a  uuifonn 
distribution  and  mixing  of  the  diHerent  gases. 


CCl 


Fig.  41. 
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If  two  different  gases  are  separated  hy  w  porous  partition,  the  gases 
will  mix  tiirt>ugli  tlint  partition.  Tlie  pheinnnena  uinler  such  circum- 
stances nrc  similar  to  wbiit  hna  been  dcscriWd  hi  tl»e  case  of  liquids 
under  osmosis ;  tliat  is,  tlmt  difTerent  gases  ptiss  with  different  desjfrees 
of  rapidity  tliroiijjli  the  partition,  so  tliat  tlie  vohime  of  gas  increases  on 
one  side  t^f  tlie  partition  and  ducrcancs  on  the  otlicr.  If  an  unglazed, 
porous,  eart  lien  ware  cup  (such  as  is  used  in  a  Grove  battery)  is  closed 
witii  a  corlv  tliroogh  wIhcIi  passes  a  lon«:,  vertical,  glass  tube,  whose  end 
di[(s  into  a  vessi4  below  containing  water,  and  the  cup  is  covercil  with  a 
l>ell-jar  containing  hydrogen  or  iUuminating  gaSj  the  hydrogen  will  pass 
through  tlie  walls  of  the  cup  to  the  inside  faster  tlmn  the  air  from  the 
inside  can  diffuse  out  The  volnine  of  gas  in  the  interior  increasing 
bubbles  of  air  will  escape  throngb  the  water  from  the  end  of  the  tiil»e. 
If  now  the  bell -jar  be  removed  the  hydrogen  will 
diffuse  out  from  the  cup  faster  tlian  the  air  can 
enter,  the  volume  of  gas  within  the  cup  will  decrcjise 
and  the  water  will  rise,  from  attnosphcrie  pressure, 
within  the  tiil>e.  If  oxygen  be  used  within  the  cup 
instead  of  atmospheric  air,  it  will  be  fonntl  that  the 
hydrogen  will  ditlhse  four  times  nn  fast  as  the  oxygen. 
The  density  of  hydrogen  is  L;  that  of  oxygen  10.; 
there  lure,  the  law  has  been  made  that  the  rapidity 

LwitU  which  d liferent  gases  under  similar  conditions 
(equal  pressures)  diffuse  through  thin,  porous  par- 
ti tiims  into  a  vacuum  or  into  other  gases  is  in  inverse 
proporlit^n  to  the  square  root  of  the  density  of  the 
gases  (Urahanrs  law). 
These  general  facts  may  he  illustrated  by  another 
«jj^  ^  very  simple  experiment.    If  au  unglazed  earthen w*are 

cup  be  closed  by  a  cork  in  whieli  a  water-manometer 
is  inserted  and  then  placed  in  a  larger  glass  vessel  containing  vapor 
of  ether,  the  air  from  the  insitle  of  the  cup  will  ditfuse  out  faster  than 
the  five-times-heavier  A'a|>or  of  ether  will  dirfuse  in,  and  the  water  ia 
the  open  arm  of  the  manometer  will  sink  (Fig.  42). 

There  is,  however,  here  a  marked  difference  from  osmosis,  for  in  the 
diffusion  of  gases  tlirongli  inonjanic  partitions  or  drv  organic  membranes 
the  nature  of  the  partition  is  without  inllnenee  on  the  rapidity  of  diffusion. 
The  rapidity  of  diffusion  depends  only  on  the  specific  gravity  of  the  gas, 
10,  AnsoarTioN  of  Gases, — Exactly  as  gases  diffuse  into  spaces 
already  oeeujiied  by  other  gases,  so  also  will  they  diffuse  into  the  inter- 
molecular  spaces  of  liquids,  without  any  chemical  attraction  between  the 
gas  an<l  the  tluid  being  essential.  If  a  glass  tube,  closed  at  one  end,  is 
filled  with  diy,  amraoniacal  gas,  its  open  end  immersed  in  mercur^s  and 
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then  a  small  qaantity  of  water  hit  roil  uced  into  the  tiihe,  the  water  will 
r  almost  iuatantiy  ahsorb  the  gas,  whit-h  will  entirt^ly  tli^4apI*e^vt^  and  the 
mercury  will  rise  in  the  tube,  and,  with  the  water,  entirely  fill  it. 

Just  as  without  so  also  within  liquids,  gases  exert  no  pi-essurc  on 
each  other;  so  that  a  number  of  gases  may  dirtUse  at  the  same  time  into 
any  g:iven  liquid. 

We  meet,  in  this  solution  of  gases  in  liquids,  with  laws  analogous 
to  those  which  govern  the  stilution  of  solids  in  liquids.  Every  litiuid 
absorbs  at  any  given  temi:»erjiture  a  fixed  qusmtity  of  an^^  given  gas,  just 
as  a  certain  quantity  of  liquid  will  only  dissolve  a  given  quantity  of 
a  salt-  The  volumes  widch  a  given  liquid  at  a  fixed  temperaturi.*  will 
^absorb  of  ditferent  gases  ure  very  dittt-rent,  the  most  readily  litiuelii'd 
gases  being  most  readily  absorbed.  The  volume  of  any  gas  that  may 
l)e  ab«^orbed  by  a  liquid  vjiries  greatly  with  the  temiieratuie.  As  tlie 
temjierature  inere^ises  eajmbilily  ijf  alisorption  deerease.s,  until  at  HM)^  C 
water  absorbs  no  gas  at  all.  The  exact  opposite  holds  in  the  ease  of 
solutions. 

The  coefficient  of  ohmrpiion  is  the  volume  of  gas  wbich  a  liquid  in 
free  com  muni  cation  with  a  gas  can  ab.^orb.  It  varies  with  e%Try  liquid, 
every  gas,  and  every  temperature.  According  to  Bunsen,  a  unit  of 
volume  of  water  absorbs-^* 


lias. 
CO, 

K 

O 

H 


Tempera  turo. 


Vi>lniiie- 
1.7*.M',7 

a(>2UM 
0.01401 
0.04114 
0  03H:i8 
0.01(13 


With  every  increase  of  pressure  the  liquid  will  absorli  uniformly- 
increased  amounts  of  gas. 

Gases  al>sor1>ed  by  liquids  do  not  kise  their  power  of  di (fusion. 
Hence,  if  we  bring  a  liquid  which  contains  a  gas  under  a  detiuite  tenisi(*n, 
r,f/,,  HtO  with  CO,,  in  communication  with  a  space  containing  anuther 
|ra»,H,  the  CO,  diiluses  out  of  the  I1,0  into  tlie  space  containing  the  IL 
CO,  will  continue  to  leave  the  water  until  it  exists  in  erjual  pressure 
without  anrl  within  tlie  liijuid  ;  so, also,  II  will  ditlusc  into  the  water  until 
it  has  a  unitbrm  tension  without  and  within  the  liquid.  An  absurlied 
gas  is  therefore  given  up  when  the  tension  of  the  gas  is  less  in  tlie  space 
in  communication  with  the  liquid  than  the  tension  of  the  gas  in  tiie  licpiid. 
When  two  or  more  gases  are  mixed  togetlier  their  absorption  by  a  liquid 
is  proportional  to  tiie  relative  volumes  of  the  gases  present  in  the  mix- 
ture, or  to  the  different  gaseous  tensions. 

In  the  cell  in  the  animal  organism  this  gaseous  interchange  occurs 
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throa;^li  tlie  cell-wall  or  tlie  walls  of  capillaries,  etc.  These  organic 
tissues,  wliifli  we  have  seen  to  Ije  always  filled  with  litunil^otiVr  very  little 
resistjint'e  to  the  pti^jsage  of  a  gas.  Tliti  animal  tluiil^  communioute 
through  tliese  delicate  moist  tissues  almost  tlirectly  with  the  gases  of  the 
atmos|>liere, 

Ganes  formed  by  cells,  or  gases  which  pass  from  tUe  exterior  to  the 
interior  of  cells,  or  even  the  passage  of  gases  throiijih  the  membranes  of 
the  luugs  or  ^nlls  of  animals,  are  not  governed  by  the  Jaw  of  the  dif- 
fusion of  gases  giveu  above,  Imt  their  transfer  through  nil  animal  mem- 
brane is  governed  by  tiie  eo-ellieient  of  absorption  of  that  tissue  for  the 
different  gaseH.  This  nuiy  be  illustrated  by  a  very  simple  exi>eriraent 
devised  by  Draper,  who  does  not  appear,  however,  to  have  ap[ireeiatetl 
its  application  to  gasi!otis  interehange  in  the  animal  body.  Tlie  law  of 
the  di (fusion  of  gases  through  porous  partitions  is  that  the  rapidity  of 
the  diffusion  is  inversely  as  the  squartf  root  of  the  density  of  the  gas. 
If  the  linger  be  flipped  in  soa[>- water  and  then  rapidly  passed  over  the 
mouth  of  an  em(>ty  bottie  so  as  to  leave  a  hL*rizoulal  film,  and  the  bottle 
then  placed  under  a  bell-jar  filled  with  carbon  dioxide,  the  film  soon 
swells  up  into  an  almost  hemisplK^rieal  dome.  Or,  if  the  bottle  be  filled 
with  carbon  dioxide,  jind  then  exposed  to  the  atmos|iliere  alter  its  month 
has  been  covered  with  a  sonp-film  as  before,  the  fdm  i«  promptly 
depressed  into  a  deep  concavity  and  bursts*  Now,  if  the  film  is  regarded 
as  a  [Hjrotis  ] partition,  the  air,  l»eing  of  many  times  less  density  than  the 
CO,,  should  dirtuse  nineh  more  rapidly,  accortling  to  Graham  s  law^  The 
reverse,  however^  is  the  case.  Water,  however,  of  which  the  film  consists, 
has  a  much  higlier  co-etfieicnt  of  absorption  for  CO,  than  it  hns  for  oxygen 
or  nitrtJgen.  The  CO,  is  therefore  absorlKnl  more  rajkidly  by  the  film 
than  the  gases  of  the  atmosphere,  anil  fnun  its  solution  in  the  film  dif- 
fuses rapidly  into  the  atmos]>here»  The  state  of  aifairs  is  similar  in  the 
case  of  gaseous  interchange  in  animal  cells. 

The  membranes  of  cell  are  not  porous  partitions,  but  are  tissues 
whose  molecular  interspaces  are  filled  with  liquids.  That  a  gas  may  pass 
through  such  a  mctnbrane  it  is  nccess!ir3%  therefnre,  that  the  gas  l»e  first 
absorbed  by  the  liquid  in  the  cell-mend irane.  The  rcadily-ahsorlied  gases, 
such  as  CO,,  will  thus  dtrtuse  through  cell-membranes  more  rapidly  than 
thoNc  with  a  h^wer  co-i^tficieut  of  absorption,  sncli  as  N.  IL  or  0,  the 
rapidity  of  absfjrption  heing  farther  governed,  n*it  oidy  by  the  co-<!lficient 
of  absort)tion,  but  by  the  gaseous  tension  and  the  temperature.  Alter 
having  passed  tlirough  the  cell-membrane  gases  will,  of  conrse,  diffuse 
intii  the  liquid  or  gaseous  media  surrounding  those  cells,  according  to  the 
tension  of  those  gases  already  present.  , 

In  the  case  of  terrestrial  animals  this  medium  is  the  atmosphere, 
which  is  composed   of  21-voiume  per  cent,  of  O  and  19  per  cent,  of  ^j 
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with  traces  of  COj*  If  we  imagine  in  tbe  firs^t  pince  that  the  tissiK^s  are 
at  first  free  frum  gan,  accord iug  to  the  co-etlii'ieiUs  of  absorption  luul 
prt'ssiire,  ibey  will  absorb  detiiiite  volumes  of  tliese  gases. 

If  we  iissuiiie  that  the  ct>-ethc tent  of  absorption  uf  the  animal  nqnirls 
for  these  gase«  iw  the  siime  as  water,  as  is  actually  nearly  the  case,  tlic 
co-ethcient  of  absorption  for  O  will  he  nearly  dc«nble  that  of  N,  and  tlie 
volumes  absorbed  will  be  as  34.i)l  to  05.09,  This  is  actual ly  the  case  in 
large  bodies  €»f  water,  as  lakes »  etc. 

Under  the  conditions  wc  have  imagined,  of  course,  only  a  trace  of 
CO,  would   be  absorbed.     We  know,  however,  that  CO,  is  a  coimtant 

.result  of  cell  life  :  therefore  tlie  temsion  of  COj  in  animal  fluids  is  far  in 
excess  of  that  in  the  atrntit^phcrc ;    conse(|iH'otly»  inKlt-ad  of  an  alisorj)- 

[tionof  COj  by  the  tissues  from  the  air,  we  will  have  an  exhalation  taking 
place.     Similar  conditions  apply  in  the  case  of  watery  vapor. 

Hence,  the  gaseous  interchtuigcs  between  the  organism  and  the 
atmosphere  under  the  laws  of  absorption  and  ditfusion  are  as  follow : — 

Ahj^orptiou  of  O  and  N, 
ExbalalioQ  of  CO^  titid  H^O  vapor. 

In  animals,  however,  by  far  the  greater  part  of  O  and  CO,  are 
carried  in  chemical  combination  with  Invraoglobin,  and  not  in  mere  solu- 
tion in  the  fluids  of  tlie  body.  Tbese  eontlitions,  as  well  as  the  mechanism 
of  gaseous  interchange  in  the  lungs  and  tissues^  will  be  considered  in 
greater  detail  under  the  subject  of  JieHpiraiif*fK  At  [>resent  entnigh  has 
iH^cn  said  to  show  that  the  laws  of  dilfusion  and  absujption  are  the 
fundamental  principles  which  nnderlie  these  processes. 


II,   THE  PHYSICAL  PROPERTIES  OP  TISSUES. 

We  hftve  found  that  the  ditferent  animal  tissues  furnish  illustrations 
of  lioth  the  solid  and  liquid  forms 'of  matter ,  varying  fr<uu  a  perfect 
fluid  to  n  solid  of  almost  mineral  consisteuce,  and  that  midway  between 
these  extrenie^  what  may  be  ternieil  the  semi -fluid  tissues  are  of  the 
irreatest  importance  in  the  physical  and  chemica!  openitions  of  the 
organism.  We  know,  further,  from  analysis  of  the  organic  tissues,  that, 
no  matter  what  their  consistence,  they  all  contain  a  large  proportion  of 
water  in  their  composition ;  it  is  to  the  amount  and  the  manner  in  which 
this  water  is  held  by  tlie  tissues  tlnit  nearly  all  the  physical  properties 
of  the  tissues,  parti  cuhirl}*  of  the  semi -sol  i<l  tissues,  are  due* 

We  have  already  seen  that  in  inorganic  bodies,  though  thej^  may 
l)e  rich  in  water,  the  water  is  either  chemically  united  to  that  body,  or  is 
held  mechanically  in  capillary  pores ;  while  in  organic  matter  the  water 
occupies  the  intermolecular  spaces.  The  tissues,  therefore,  resemble 
fiulutions  ill  this  respect  j  thus,  in  a  salt  solution  the  water  occupies  the 
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intermolecular  spaces  of  tbe  salt.  In  solutions,  however,  the  solids  are 
bound  to  the  water ;  in  tissues,  the  reverse. 

Since  all  fresh,  organic  tissues  contain  water,  their  specific  gravity 
must  be  comparatively  low ;  drying,  by  driving  off  the  water,  while 
decreasing  their  weight  by  the  amount  of  water  displaced,  will  increase 
their  specific  gravity,  though  even  then,  like  all  organic  bodies,  they  will 
be  specifically  lighter  than  most  minerals.  The  specific  gravity  of  dif- 
ferent tissues  will  also  vary  according  to  the  nature  of  their  special  con- 
stituents ;  thus,  adipose  tissue  will  represent  one  extreme,  bones  and 
teeth  the  other,  and  tissues  which  are  rich  in  fat,  like  the  nervous  tissues, 
will  be  of  less  specific  gravity  than  those  which  contain  inorganic 
matters. 

As  the  specific  gravity  of  the  tissues  depends  upon  their  constitu- 
ents, it  will  vary  according  to  the  relative  proportions  of  those  con- 
stituents at  different  ages,  in  different  individuals,  and  in  different 
nutritive  states.  No  fixed  figures  can,  therefore,  be  given  to  represent 
the  specific  gravity  of  the  different  tissues,  but,  though  not  constant,  the 
following  represents  the  average  specific  gravity  of  the  most  important 
tissues  of  the  human  body  : — 

Bones, 1.636 

Elastic  tissue  and  tendons, 1.12 

Muscles 1.073 

Arteries; 1.096 

Veins, 1.05 

Nerves, 1.046 

1.  Cohesion. — It  follows  from  what  has  been  said  as  to  the  freedom 
of  molecular  movement  in  most  organic  tissues,  as  shown  in  their  capa- 
bility of  imbibition,  that  their  cohesion  must  be  less  than  that  of  most 
inorganic  solids.  It  is  higlie^st  in  the  bones,  lowest  in  glands  and  brain, 
though  it  is  comparatively  higli  in  nerves.  Cohesion  is  there  due  to  the 
fibrous  envelope  (neurilemma)  and  not  to  the  nerve-fibre;  and  as  these 
sheaths  relatively  increase  as  the  nerve-trunks  subdivide,  the  cohesion  of 
the  fine  nervous  twigs  of  the  skin  is  relatively  higher  than  that  of  the 
nerve-trunks. 

The  greater  the  amount  of  water  contained  in  a  tissue  the  less  its 
cohesion,  for  the  wider  ai)art  will  be  the  molecules,  and  the  molecular 
attraction  decreases  as  the  square  of  the  distance  which  separates  them. 
Consequently  desiccation  increases  cohesion.  The  order  of  cohesiveness 
is  inversely  as  the  quantity  of  water;  thus,  the  following  list  is  arranged 
with  tissues  of  greatest  cohesion  and  least  water  first,  and  as  water 
increases  cohesion  decreases: — 

1.  Bones.  4.   Muscles.  7.   Intestines. 

2.  Tendons.  5.    Veins.  8.   Glands. 
8.   Nerves.                  6.    Arteries.                   9.   Brain. 
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In  3*outU  the  tiesties  have  less  cohesion  than  in  adult  life,  from  the 
iiler  |jre|iunderttni;e  in  the  former  period  of  water;  while  the  eohesiori 
yu  deeJiues  in  old  ajj^e,  ospeeiMlly  in  bone  and  muscle,  even  thouj^h 
the  proportion  of  water  present  also  diminishes,  from  ehunges  in  the 
quantity  of  inorganic  elements* 

The  cohesion  of  any  tissue  is  not  uniform  in  all  directions,  but,  aa  ib 
well  known,  certain  tissues  may  ha  ruptured  in  one  direetion  more 
readily  than  in  another;  thus,  a  cost^il  cartilage  is  mure  readily  broken 
ttansversely  than  longitudinally.  This  is  even  mure  mrirked  in  tibrous 
tissaes,  such  as  a  tendon,  where  it  is  much  easier  to  separate  the  longi- 
tudinal fibres  than  it  is  to  rnpture  them  by  traction.  This  may  be 
explained  by  the  fact  that  the  cohesion  of  any  tissue  is  the  resultant  of 
the  furces  which  holds  the  ultimate  molecule  of  the  tissues  together,  as  in 
a  single  fibre  of  connective  tissue,  ami  of  tlic  adhesive  force,  which 
til  rough  the  mediation,  ordinarily  of  cement  substance,  holds  several 
collections  of  similar  molectiles  together. 

The  forces  which  may  act  on  a  tissue  to  destroy  its  cohesion  may 
o|ierate  in  four  diilerent  ways:  by  traction,  l>3"  pressnre,  by  flexion,  and 
by  torsion.  All  the  diflerent  tissues  behave  diflerently  to  each  of  these 
modes  of  action. 

The  resistance  to  traction  is  measured  by  the  force  required  to  tear 
apart  the  molecnles  of  any  tissue;  hence,  the  force  required  to  produce 
tearing  in  any  tissue  nnist  increase  with  the  cross-section  of  the  ti^ssnc 
subjected  to  strain,  and  when  the  cohesion  of  two  diiTerent  tissues  is 
compared  in  this  respect  the  comparison  mnst  always  be  reduced  to  a 
unit  of  cross- section.  Thus,  in  the  following  tuble  the  numbers  represent 
the  breaking  weight  in  kilogrammes  for  every  square  millimeter  of 
surface  (WertheimJ: — 

Boni's 7  76 

Tendons 0  t»4 

MiH€li'8 0.054 

Ni^rvcft, .  0.0:i 

Arteries, OJti 

Veins 0  13 

This  resistance  to  tmelion  is  of  great  importance  in  the  mechanics 
of  the  organism.  The  cohesion  of  the  bones,  tendons,  ligaments,  and 
muscles  jwrmifs  of  the  accomplislimunt  of  mechanical  work,  while  the 
resisLance  to  distension  of  tbe  ditfereut  membranes  of  the  body,  such  as 
the  aponeuroses,  fibrous  membranes,  etc.,  is  of  great  value  in  numerous 
physiological  operations. 

The  resistance  to  pressure  is  e8i>ecially  seen  in  tlie  bonj^  skeleton 
articular  eartilage, and  intervertel>ral  disks.    In  the  bones  this  is  especial 
very  marked.     Thus,  it  has  lieen  found  that  JVom  1110  to  2300  kilo  w 
requireil  to  cru^h  a  cube  of  bone  frum  the  compact  substance  o' 
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bones  of  tlie  extremity  5  milHiuetera  thick,  while  only  100  kilo  were 
rt'i quired  to  oriislj  a  cuLk?  of  tlie  siinic  size  from  tiie  spoijgy  j^ub^jUiiice. 
Tlie  CO  lies  ion  of  the  com  pact  subs  tun  ee  measured  in  this  way  decreases 
to  alx»ut  the  Rarae  degree  when  either  the  orsi^anie  matter  or  the  lime  salts 
are  reraove<1 ;  it  also  deureascs  greatly  whe!i  the  water  is  removed, 
showing  a  deviation  from  the  general  statement  nhove  made,  Tliis  resist- 
ance to  pressure  plays  an  important  role  in  the  support  of  the  body  in 
standing,walking,aii<l  jnmpinir,  ami  in  tlie  protection  from  injury  of  such 
ijnjmrtant  oricans  as  the  brain,  spinal  cord,  lungs,  and  heart. 

The  resistance  to  pressure  in  the  osseous  system  decreases  with  age. 
Thus,  Fick  has  found  tliat  a  prism  of  bone  1  stpiare  millimeter  in  size 
from  a  man  30  years  of  age  was  crushed  by  a  weight  of  I5.u;j  kilo,  while 
a  similar  piece  from  a  man  aged  74  years  would  not  sustain  a  weiglit  of 
4.33  kilo.  The  iiones  of  ditferent  auinnds  also  show  great  dilTerences  in 
their  resistance  to  (pressure, 

Tbe  ri'sist since  to  flexion  and  forj^mn  possessed  by  the  different  tissues 
of  the  body  also  conies  into  play  in  certain  pbysiological  openitions. 
Thus,  in  inspiration  the  ribs  and  costal  cartilages  undergo  a  slight 
amount  of  twisting  and  bending  through  the  action  of  the  inspiratory 
muscles,  and  regain  their  position  during  expiration.  So,  when  a  weight 
is  lilted  and  held  horizontal  by  the  hand  the  resistance  to  flexion  pre- 
vents Itending  of  the  bones  of  the  arm. 

The  coliesion  of  tbe  tissues  is  always  greatest  in  the  direction  in 
whicli  tbe  forces  which  act  on  those  thsnes  is  nsually  exerted.  Thus, 
when  tissues  are  ordinarily  snbjected  to  the  force  of  traction,  tlieir  co- 
hesive force  is  most  develoijetl  in  u  longitudinal  directitm,  and  snch  tis- 
anes, like  tendons  and  ligaments,  are  llbrons  in  structure.  When  the 
pressure  or  fr»rce  to  which  tissues  may  normally  be  subjected  does  not 
lie  in  any  one  but  in  many  dirterent  directions,  as  in  tlie  resistance 
which  seron>^  nnvni! cranes  antl  aponeuroses  oiler  to  distension,  such  mem- 
branes are  also  tilirous  in  structure ;  but  the  fibres,  instead  of  l>eiug 
parallel  to  each  other  ns  in  tendons,  in  which  traction  is  the  only  force 
to  whieh  tliey  are  subjected,  are  interlacing  and  cross  each  other  in 
every  direction.  Finally,  when  pressure  is  the  force  whieh  must  l>e 
resisted,  we  find  the  tissues  taking  the  form  in  whieh  snch  resistance 
may  Ik;  best  offered  ;  the  compaet  bony  tissues  are  therefore  j»rrange<l  in 
arches,  as  in  the  head  of  the  femur,  or  in  the  form  of  hollow  tnl>es, 
as  in  the  shales  of  the  long  bones, — two  forms  which,  with  the  greatest 
economy  of  niateriab  ofier  the  greatest  resistance  to  pressure.  In  tbe 
case  of  tlie  femur  its  upper  eml  is  not  only  anltfected  to  firesfiure  from 
the  weight  of  the  body,  but  also  to  flexion  j  for  the  head  of  the  femur 
is  not  in  a  line  with  the  long  axis  of  the  bone,  but  lies  to  one  side  and 
is  connected    with   the   shaft  of   the   bone   by  an   oblique   neck.      The 
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nrrangement  of  I  hi'  ^0114  met  «iil»slttiiet;  of  the  lioiie  ik  csiiecially  fitted  to 
overcome  tbef»e  fliivet  or  inilirwt  prt.>Hsiires  (Fii^.  43). 

2,  Elasticity.— llie  elasticity  ol'tlie  ti^^sues  vuriea  in  the  ttume  wny 
OS  tlieir  cohesion.  Tb*.^  lucji.st  tissues  have,  ms  a  rule,  u  verv  wlitrlit  elas- 
ticity  ;  that  in^  they  nlier  nlitjht  resistJifice  to  external  forces  whieh  lend 
to  chiuige  their  forni,  und  in  niost  of  the  tissues  whieh  iirc  rieh  in  water. 
UH  the  brain  and  glands^  the  elastieity  is  incomplete ;  that  is,  the  ori*jciind 
t'oriu  iis  not  regained  after  the  distorting  foree  eeases  tr^  act.  On  the 
other  handf  in  the  ehistie  tissues  and  muscles  the  force  nniKt  be  excessive 
to  produce  perniunenL  distortion. 

The  cohesion  of  a  bfidy  i^  it^  resistance  to  tearing  forces ;  ehisticitj  is 
develojx^il  as  resistance  to  alteration  in  form,  and  refers  to  the  property  by 
which  the  original  form  is  regained.  The  ehisticity  of  a  body  is  therefore 
great  when  a  great  force  is  required 
to  produce  cliange  in  fonn,  and 
vice  verm:  while  the  coniiiletcncHs 
of  the  elasticity  is  expressed  by  tlie 
perfection  with  which  the  original 
form  is  regained  aller  the  distctrling 
force  eeases  to  act.  Thus,  the  clas- 
Ucity  of  lead  is  great  but  incom- 
plete; of  rubber,  is  small  but 
perfect. 

Elasticity  cannot  be  measured 
by  stretching  force  alone,  but  com- 
prei^sing,  twisting,  and  ben<ling 
forces  inu«t  also  l)e  considercil. 
The  resistance  to  each  of  these 
fon*es  is  the  same.  The  less  exten- 
sible a  body  is,  the  less  compressibh' 
is  it  aLso,  and  the  more  rapidly  it 
vibrates  when  IkmU  from  its  position  of  equilibrium. 

Organic  tissues  whieh  are  ptKir  in  water,  as  wood  and  bone,  and 
which  possess  high  elasticity,  behave  to  stretching  weights  like  inorganic 
bodies,  i.e.,  the  increivse  in  length  is  proportionate  to  the  weight.  In 
the  soft  tissnes,  of  less  l>ut  more  com]>lete  elasticity,  the  increase  in 
length  produced  by  heavy  weights  is  propoitionatcly  less  t!i:in  that  due 
to  smaller  weight**.  The  cause  of  this  lies  in  the  greater  extensibility  of 
©neb  tissues,  through  which  they  are  more  stretclied  by  small  weights 
than  is  possible  in  rigi*V  bodies,  because  in  the  latter  a  nmch  smaller  ex- 
tension would  exceed  the  limit  *d'  cohesion ;  though  the  use  of  weights 
of  very  great  ditlerenee  shows  tliat  the  extensibility^  of  rigid  bodies  is 
probably  also  governed  by  the  same  laws, 
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t>K  TUK  Nkck  of  the  HraiAN  FKaiCK. 

(  It'tint) 

Tlic  fltnTOP.  A,  br  tlieir  ri sillily.  «i»d  th«  AtinM,  B,  by 
their  LiMiJi^i fk ,  tena  In  the  tup^irf  »(  thn  weight,  m 
llla»trAt««l  In  tbii  bnii'ldH,  whfle  th«  Utt«r  lllire*  inttt- 
lftv«  with  tha  «rciff>nii  tibre»,  F. 
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The  laws  for  elastic  clmuges  in  form  of  all  bodies,  iucludiug  the  soft 
organic  tissues,  is  expressed  iu  the  diagram  given  below  (Fig.  44). 

The  spaces  on  the  line  A  B  represent  the  extending  weights.  The 
spaces  on  the  line  B  C  represent  the  increase  in  length.  Thus,  if  the 
extension  of  any  given  tissue  by  any  given  weight  equal  the  ordinate, 
A  D,  the  increase  in  extending  weight  by  regularly  increasing  amounts 
will  not  produce  a  proportional  increase  in  length.  Each  increase  will 
be  less  than  that  produced  by  the  previous  lesser  extending  weight,  and 
the  line  which  connects  tlie  limits  of  extension  will  be  a  curve  wiiich 
gradually  tends  to  form  a  horizontal  line, — in  other  words,  a  Inperbola. 
In  a  corresponding  figure,  representing  the  extension  of  an  inorganic  body, 
the  line  D  C,  instead  of  being  a  curve,  would  be  a  straight  line,  and  the 
spaces  on  the  line  B  C  from  B  to  C  would  be  equal,  showing  that  the 
extension  increases  regularl}-  with  uniform  increase  in  extending  weight, 

B  with  the  exception  above 
alluded  to,  when  ver}' 
great  difference  hi  ex- 
tending weights  is  made 
use  of.  This  difference 
between  organic  and  in- 
organic bodies  is,  without 
doubt,  attributable  to  the 
greater  extensibility  of 
the  former. 

The  organic  tissues 
have  still  another  char- 
acteristic whicli  distin- 
guishes them  from  the  inorganic  bodies,  viz.,  when  a  tissue  has  been 
extended  by  a  weight,  if  the  weight  is  allowed  to  remain  the  extension 
gradually  increases,  and  may  not  be  complete  for  days  or  months;  thia 
is  called  elastic  after-working.  It  is  present  in  all  elastic  bodies,  though 
in  rigid  bodies  it  is  much  less  mariied,and  its  limit  is  sooner  reached. 

The  weight  which  will  stretch  a  prism  one  square  millimeter  in  area 
and  one  meter  long  one  meter,  provided  the  limit  of  cohesion  is  not 
thereby  passed,  is  called  the  co-efficient  of  elasticity. 

The  following  figures,  according  to  Wundt,  give  the  co-efficients  of 
elasticity  of  some  of  the  more  important  organic  tissues : — 

Bones, 2264. 

Tendons, 1.6603 

Nerves.    .  • 1.0905 

Muscles, 0.2734 

Arteries, 0.0726 

The  smallness  of  these  co-efficients  is  recognized  when  it  is  remembered 
that  for  cast-steel  it  is  19881. 
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Elastlcitv  is  u  prti|ieily  <>!'  tlie  tij>isiios  of  tin.'  juiimal  Vjo<1v  wliicli  is 
of  great  im  porta  nix*  in  uiaiiy  t>hyHi*»l<>git*al  operations.  It  i«  n  fort'e 
which  acts  eitlier  n^rjunst  constant  ftirccs,  snch  as?  <;:ravitv,  or  tciw| horary 
forces,  8 nch  as  mnscnlar  action.  Thns,  the  intervertebral  dL^kw,  tijrorinli 
tht'ir  ehisticity,  serve  to  ilejulen  the  shock  ^iven  to  tlie  t5[>iual  cohiinn  in 
jumping;  the  chi^tic  li^anient^  of  the  spinal  colninn  serve  to  pret^erve  it 
in  its  normal  |K>8ition  without  there  l»ein|i  a  conBtant  Htrain  on  the  rnti'seles, 
and  in  animals  in  whom  the  haekl>cine  is  hnriznntsd  it  server  tocountentet 
the  weight  of  the  abdominal  visrivra.  In  the  herbivorous  animals  the 
yellow  eUistic  tissue  of  the  ligament  run  nnrlne  surves  to  assist  the  muscles 
in  miiipurtint,^  the  head. 

In  expinitiMii  the  eln^ticity  «d'the  er*st:d  ejutilaiies  luid  ribs,  together 
with  that  of  the  Inngs, —  tVirres  whirii  Inive  to  bt-  overrnme  in  inspiration, 
— tend  t*)  restore  the  thorax  to  its  n:dnral  forni,  iind  thu.N  tlrive  the  lur  out 
of  the  lungis. 

The  elastic  tis«nc  of  tlie  arteries  tends  t<»  aid  the  intennittent  pro- 
pelling force  of  the  heart  in  prodneinL^  a  ronstant  forward  motion  of  the 
Itlood.  When  the  heart  contracts  it  drivt-s  a  definite  ([iiautity  of  blood 
into  the  arterial  pystenr,  already  tilled  with  blood,  and  thus  still  further 
distends  the  arteries.  During  tht*  [onuses  between  the  contractions  rjf  iIr! 
ventricles  the  clnstic  tissue  recoils,  fjoni  the  retinnul  of  the  distending 
force,  on  the  Contents  of  tlie  t^lood-vessels,  nnd,  bjtckwsird  motion  being 
prevented  by  the  closure  of  the  senji*lunar  valves,  drives  the  current  of 
blood  forward  in  the  vessels.  This  point  will  again  be  alhnled  to  in  more 
detail  under  the  subject  of  the  (Jiritiiidii^tK 

In  addition  to  these  properties  most  of  the  tissues  of  the  animal 
body  are  ix\%o  fiexibh*  and  ej-lefonbie,  the  degree  varying  greatly  aecord- 
illg  to  the  structure  rd'  the  ptirts.  Flexibility  and  extensibility  must  not 
he  con  founded.  Flexibility  means  capability  of  being  bent  c>r  twisted  ; 
extensibility  means  capability  of  beijig  int^reased  in  length.  Thus,  tite 
tendons  are  flexible /but  nut  extensibh- ;  were  they  ei»[>ab!c  of  being  in- 
creased in  lengtlj  it  would  be  at  the  expense  id'  the  force  *levelo]ted  by 
muscles.  Tendons  are,  however,  ver^"  flexible  ;  they  adjust  themselves 
to  the  position  the  part  may  occ u]iy,  so  that  sometimes  they  tnnismit 
muscular  fierce  at  right  angles  to  the  tine  in  which  the  nuiscle  acts.  Liga- 
nients,  again ^ai*e  rtexible,and  alsoscunewhrtt  more  extensible  than  tendons. 
Kn  joints  they  permit  of  the  free  play  of  one  iiony  surface  on  the  other, 
and  yet  by  their  inextensibility  serve  to  keej*  the  arlienlar  surfaces  in 
apposition.  In  dislocatie»ns  the  articular  liganu'nts  are  rent, and  the  bftny 
articular  surfaces  are  no  longer  in  eoiitact :  in  sjn'jiins  the  limit  of  elas- 
ticity of  the  ligament-s  has  been  |»asseti  ;  that  is^they  have  been  stretched 
lieyond  the  point  at  which  their  elasticity  enables  them  to  regain  their 
original  form,  and  partial  ruptures  take  place. 
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,  All  the  connective  tissues  are  oiiginall}'  flexililv*  tuul  extensible; 
these  properties  becorae  grently  moditied  in  the  suhsetitient  develojmient 
*jf  tlie  tii^Buesi  of  this  group.  Thus,  in  eivrtilage  ami  bone,  extenisiliility 
has  very  hirgely  disappeureci.especinlly  in  tlie  latter,  but  tliey  are  of  high 
tjlaBticity.  In  dense  llbnuH  tisj^^ue,  wiieh  as  }i|Poneuroses,  tfexibilily  re- 
muinv,  but  exteu^thility  haw  U'eoine  greatly  reduced  ;  hence  the  intense 
paiu  prodneed  iu  iidlauiujatitju  below  such  tissues;  for  being  inexteuHibh^ 
swelling  i«  rest niiui*<K  and  the  pressure  prndueed  liy  the  prodncts  of  iu- 
flammatiou  on  tlie  uirvi'-enfUnirs  is  greatly  increased. 

3,  Optical  CiiAUACTKRii^Tict!i  of  TissrEs(Wundt).— (a)  Refraction, — 
All  tjrganic  tiHsue4  pDSSfsn  a  hiirher  refractive  index  tluui  water.  By  this 
is  mejint  tljat  when  a  ray  of  liulit  [isisses  obliijuely  out  of  one  nieilinm 
iuto  another  bf  different  density,  it  is  bent  ont  of  its  patli  iu  a  straight 
line  nt  the  surface  of  srpnratiou  of  the  two  niedia,  the  ratio  between  the 
angle  of  incidence  and  the  angle  <if  refnotiiM)  l*eiti<j:  the  iudex  of  refrac- 
tion. Though  comparative  measurenieuts  uf  tiic  dilfcrent  tissues  have  not 
lM*eu  made,  we  can  recoguijce  the  ditference  by  the  shiirjUieKH  of  outliiu* 
in  microscopic*  exa  mi  nation.  Thiis,  eel  I -wall,  nucleus,  and  nucleolus  are 
recognized  I)}'  tln^ir  dilterence  iu  refractive  jiowers.  When  two  tissues 
have  the  same  refractive  power  they  cannot  In?  distiuguishcd  by  the  eye, 
and  if  no  refractive  power  ia  possessecl  they  are  homogeueous. 

Fat,  elastic  tissne.  an<l  horn  liave  tb**  highest  refractive  power. 
Watery  solutions,  as  in  the  vacuoles  of  ]ilant-cells  and  in  secretions,  have 
leant  refractive  power.  Albundnuns  matters,  gelatin-giving  intercellular 
aubstance,  ami  mucin  have  abnnt  tln'  ssmie  refractive  index, 

(b)  Power  of  Aiwtfitiit*j  iJoittri<. —  In  very  thin  sections  most  vegetable 
and  animal  tissues  ai>[M."ar  colorless.  In  thick  sections,  wiieu  exaniinetl 
by  transmitted  light,  llicdiircrent  colors  are  ab«orl)c<l  in  diHercnt  degrees. 
Vegetable  tissuen  absorb  the  nntst  refractive  rays;  therefore,  in  sections 
of  increasing  thickness  they  ap[u^ar  at  Jirst  yellow  and  then  red.  The 
same  rule  api>lies  to  animal  tissues^  even  when  freed  from  bloo<l,  ejj., 
epitbelinni  and  cartilage.  Many  tissues  owe  their  color  to  deposits  in 
tliem  of  special  coloring  matters.  When  tliis  is  intense  many  rays  of 
light  are  entirely  extinguished,  and  in  the  s|jectJ'a  of  such  luidies  (jortioiis 
of  the  spectrum  are  either  entirely  absent  or  dark  absorptiondiands 
a|>pear  in  ditlerent  parts  of  the  spectrum. 

The  points  of  occurrence  of  these  absorptiondjauds  are  definite  and 
characteristic  for  each  dirterent  snlistance.  The  sjtectra  of  certain  bodies 
i)(  physiological  inifiortauce,  such  as  the  blood,  biliary  coloring  matters, 
etc.,  will  l>e  referred  to  under  their  appropriate  headings  in  the  sections 
ou  Special   rb3'8iology. 

(c)  DfHtble  Refraiiion. — A  large  numVier  of  bodies  of  crystalline 
structure  have  the  property  of  splitting  a  single  incident  ray  of  liglit  |wiss- 
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ing  through  them  into  two  rays  ;  hence,  when  an  object  is  seen  through 
**uch  a  crystal  it  appears  double,  the  bifurcation  of  the  ray  of  light  iH^in^ 
spoken  of  as  double  re/raclion. 

Many  of  the  animal  tissues  are  doubly  refractive,  though  thi^*  praj> 
erty  is  weaker  in  fresh  tissue  than  after  (Irving.  Dtmblt*  refraction  is 
only  faintly  develo}>etl  in  cunnective  tissue,  especially  in  its*  youngest 
!$tage8.  Elastic  tissue  is  more  highly  doubly  reftractive,  as  are  also  car* 
tilage,  bouf,  nerves,  muscles,  niuls,  and  hair. 

Doidile  refraction  punnitH  iht*  recognition  of  the  molecular  structure 
uf  organized  tissues.  A  body  whose  molecules  in  all  dii*ection8  are 
arranged  in  tbe  same  manner  produces  only  single  refraction  ;  one  whose 
molecules  are  arranged  in  dillerent  directions  in  diJU-ri-nt  iiroportions 
prociuces  double  refraction,  i.e,,  splits  the  ray  of  light  into  two  rays, 
which  are  polarized  perpendicularly  to  one  another,  and  who.se  vilmitions 
are  therefore  in  two  |>laiR"s  piTperidicular  to  one  anotber.  Simple  glass 
is  a  single  refnictivu  medium,  but  if  ctunpressed  oi'  stretclied  in  one 
direction  it  tiecomes  doubly  refractive,  Thu  double  refractivL'  bod}'  vtin 
either,  as  in  the  last  example,  refract  the  ray  more  or  less  in  one  direction 
than  in  the  <lirection  jtcrpendicular  to  it,  or  the  liglit  can  be  transmitted 
in  three  perpeudicular  directions  with  different  velocities.  In  tlie  inor- 
ganic world  crystals  furnish  examples  of  all  three  cases. 

Crystals  of  tlie  regular  system  (tesseral)  are  isotropic  (singly 
refractive).  In  tetragonal  and  hexngnual  forms,  wljicli  possess  an  unequal 
axis  and  two  or  three  perpendicular  oqutd  axes,  the  refraction  is  either 
greater  (positive)  or  less  (negative)  in  the  direction  of  the  unexiual  axis, 
and  f'uch  bodies  are  said  to  have  a  single  optic  axis.  Other  crystalline 
forms  have  three  axes,  characterizetl  by  tbe  transmission  of  light  with 
different  velocities.  They  ha\'e  two  uptic  axes  not  coinciding  with  the 
axes  of  crystallization. 

In  organized  l>odies  all  of  the  above  cases  are  also  met  with.  Most 
mature  tissues  are  doubly  refractive.  The  optic  characteristics  are  not, 
however,  changed  Ijy  pressure  or  stretching. 

We  must  conclude  from  this  that  tbe  doulily-refraelive  tissue-mole- 
cule is  susi>ended  in  a  singly-refractive  medium,  and  that  this  molecule 
is  nnaflectcd  in  pressure  or  stretching  just  as  it  remains  unairected  in 
imbibition.  Organic  tissues  are  therefore  analogous  to  crystals  in  their 
molecular  arrangement ;  and  this  view  is  strengthened  by  the  fact  that 
many  organic  substances  which  are  apparently  anything  but  crystalline 
in  their  structure,  sncb  as  albumen,  gluten,  and  ehoTulrin,  poHsees  tbttj 
powder  uf  rotating  the  plane  of  polarized  light. 

The  roost  important  examples  of  double  refractive  power  are  seen  in 
the  muflcles  and  nerves.  These  will  be  considered  under  their  spec  la' 
headings. 
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4.  Electrical  Phenomena. — Electrical  phenomena  may  occur  in 
animal  and  vegetable  tissues  under  various  conditions. 

Frictional  electricity  occurs  when  dry  epidermal  tissues  (hair,  outer 
epidermis)  and  other  bodies  of  rough  surface  are  rubbed  together,  as  on 
the  skin  and  clothing.     It  has  no  ph3'siological  significance. 

Currents  produced  by  chemical  differences  in  tissues  may  be  seen  in 
plants  when  a  point  of  the  exposed  interior  is  connected  with  a  point  of 
the  external  surface,  the  internal  section  being  negative  to  the  exterior. 
Such  currents  probably  only  exist  when  contact  by  conductors  is  made 
1  between  these  two  surfaces. 

In  certain  animal  and  vegetable  tissues  there  appear  to  be  elementary- 
parts,  which  are  actively  efficient  in  developing  an  electrical  current. 
Among  such  phenomena  belong  the  electrical  phenomena  observed  in 
certain  plants,  as  the  Dionsea  muscipula ;  in  certain  animals,  as  the  torpedo 
and  electric  eel,  and  in  the  currents  developed  in  muscles  and  nerves  of 
all  animals.  The  latter  will  receive  consideration  under  the  subjects  of 
Nerve  and  Muscle. 

III.    MECHANICAL   MOVEMENTS  IN  CELLS. 

It  lias  l>een  seen  that  the  processes  by  which  cells  absorb  and  give 
up  liquids  and  gases  are  reducible  to  purely  phj'sical  laws.  We  have 
further  alhuled  to  the  fact  that  the  characteristics  of  the  nutritive  proc- 
esses in  animal  as  distinguished  from  vegetable  cells  is  the  reduction  of 
complex  organic  compounds  in  the  former  to  simple,  inorganic  substances ; 
while  in  the  vegetable  cell,  simple;  inorganic,  elementary  compounds  are 
built  up  into  complex  organic  matter.  In  vegetable  cells  force  is,  there- 
fore, rendercil  latent ;  in  animal  cells  force  is  liberated. 

In  the  animal  cell  this  liberation  of  energ}'  may  take  on  the  form  of 
animal  mr>vi*ments  from  the  contractility  of  protoplasm  ;  or  it  may  result 
in  the  development  of  heat  or  of  electricity.  The  consideration  of  the 
processes  which  lea<l  to  this  lil)eration  of  energy  will  be  defeiTed  until 
after  the  chemical  constituents  of  cells  have  been  discussed,  while  heat- 
formation  and  the  development  of  electricity  will  be  studied  under  their 
appropriate  headings  in  Special  Physiology. 

The  movements  seen  in  animal  and  vegetable  organisms  may  be  the 
result  of  external  causes,  such  as  friction,  heat,  or  chemical  action,  or 
they  may  be  apparently  spontaneous. 

Two  classes  of  movement  may  ]>e  distinguished  : — 

1.  Those  which  are  pro<luced  by  varying  tension  in  the  cell-mem* 
brane,  from  varying  degrees  of  imbibition  of  the  cell-contents. 

2.  Those  which  are  [wculiarly  protoplasmic  in  nature. 

1.  Motion  Produced  by  Imbibiton  in  Cells. — The  first  of  these  ia 
especially  illustrated  hy  many  of  the  forms  of  motion  which  occur  in  tll» 
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vegetablt^  kingdom^  huoIi  as  tlie  turning  t»l'  leaves  toward  or  away  from 
the  light,  the  regular  motion  of  certain  algte,  such  as  dintoiUH^  desmidia, 
oscillatoria,  at*  well  as  tlie  irritativti  motions  of  eortain  plants,  such  as  the 
sensitive  plant  (Mimom  pitdjcii],  or  the  Venus'  Fly-Trap  {IJwns^a  mtfs- 
cipiila):  all  of  tliese  motions  depend  upon  a  cbiiuge  in  the  physical  state 
of  imbibition  of  certain  cells.  In  tlie  Mimosa  ]itHiit*a,  tiie  phmt  in  which 
motion  is  most  marke<l,  and  apparently  most  closely  analogous  to  that 
i»ecurniig  in  the  animal  kingdom,  motion  of  three  ditferent  parts  may  be 
reeognizeil* 

While  at  rest  during  the  day-time  the  leaf-stems  of  the  sen  si  ti  ye 
plant  form  an  acute  antfle  with  the  main  stem,  the  secondary  leaf-stems 
diverge,  ami  the  leaves  are  o|x*ned  out  so  that  they  form  a  plane  surface. 
When  evening  comes  the  leaf-stem  sinks  downward,  the  leaves  approach 
each  other  J  as  when  the  fingers  of  tlie  open  hand  are  addueted  to  the 
middle  finger,  and  the  leallets  themselves  close  up  so  that  the  snr* 
tticvH  wluch  during  the  day-time  are  the  uppermost  now  come  in  contact 
with  each  other.  If  the  entire  plant  is  shaken  the  same  changes  occur 
as  have  l>een  just  descrilnnl  to  take  i»laee  during  the  night;  or  if  tlie 
umb'r  jmrt  of  any  one  of  tlie  leaf-stems  is  gently  touched,  the  closing 
nuition  is  localized  in  that  part  of  the  plant.  If,  however,  the  upper 
portion  of  the  leaf  is  touched,  no  change  is  produced  in  the  position  of 
the  leaves  or  of  the  stem*  The  under  part  of  tlie  leaf-stem  is  seen  to  be 
cylimlrical  in  shape,  and  this  represents  the  sensitive  portion  of  the 
t^lant. 

Hriicke,  to  whom  we  are  iudebtvd  for  the  explanation  of  the 
mechanism  of  this  movementj  has  found  that  this  cylindncal  structure 
whicli  underlies  the  leaf-stem  is  composed  of  a  bundle  of  vessels  running 
through  the  centre,  and  between  it  and  the  outer  green  bark  there  is  a 
layer  of  very  succulent  cells,  which  on  the  up]ier  aud  muj-scnsitive  side 
of  the  stem  are  comparatively  thick  watlcil,  wlule  on  the  under  si<le  the 
cells  are  provided  with  very  rlelicate  memhranes.  If  a  jiorlion  is  cut 
out  of  this  cylindrical  steui,  tlie  ends  immetliately  become  retracted  so 
that  ench  extremity  takes  on  a  funnel-like  form.  If  such  a  cylindrical 
piece  is  then  divided  in  the  direction  of  its  long  axis,  each  part  becomes 
l»ent  in  the  form  of  a  bow,  so  that  the  extenial  e[udermal  side  is  longer 
thiui  that  bounded  by  the  vascular  bundle.  This  change  in  tension  of  i 
the  cells  is  due  to  a  change  in  distribution  of  the  celbjuice.  When  the^ 
membrane  of  the  under  portion  of  the  leaf-stem  10  touched  the  celbjuba^ 
(lows  from  the  lower  to  the  u|ii>er  cells  and  inti 
the  tension  of  the  upper  cells  therefore  beeor 
the  lower  cells  becomes  ret! need.  The  BU 
l«fives  close.  Movement  occurring  in  rh 
mecdianical   irritation,  t here H at-    rb^piiii 
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turgescence  of  certiiin  cells,  aiitl  liujs  nothing  in  euoitnon  with  fiiiimnl 
m(*ti(nu 

The  Diijiima  intisviptda^  or  Vemm*  Fly-Tra[),  tbniishea  another  ilhi-s- 
tration  of  movement  of  [mrts  oceurring  in  the  vegetable  kingdom.  The 
fc»nii  of  the  liilohed  lent',  wliieh  in  the  movahle  part  of  this*  plant,  is 
shown  ill  Fiuf.  45.  The  two  lolies  sUmd  at  mther  less  than  a  right 
angle  to  each  other,  and  on  each  of  the  inner  siirfaeea  are  tliree  minute 
liiaments  projectinix  inward.  The  luitrgius  of  the  leaf  are  proloni^aHi 
into  Hpikes,  into  each  dT  whit-b  a  lamdle  of  spind  \essels  enters.  When 
any  one  of  these  fihimeiifcs  is  tonehed,  even  by  so  slight  a  pressure  as 
wonld  be  pro<bieed  by  coiitaet  witb  a  hair,  the  leaves  in?*tantly  come  into 
iJ[>poHition,  and  the  spikes  interlock  like  the  teeth  of  a  rat-trap.  The 
upiK-r  snrfiiee  of  the  leal"  is  covered  with  minute  glands,  which  furnish  a 
secretion   having   the   power  of   digesting   organic   suiist^mces.     When 

insects  come  in  contact  with 
these  lihinients,  the  leaves  close 
8o  as  to  imitrison  tbem,  and 
the  insects  are  digeste<l  by  the 
acid  secretion  stitnulate*^!  by 
their  contact,  anci  nbsi»rbe«l. 

In  this  |Want  the  chief  seat 
of  the  movement  is  in  the  thiek 
mass  of  cells  which  overlies  the 
central  bundles  of  vessels  in 
the  mid-rib.  When  any  one 
of  these  filanients  on  the  in- 
ternal surface  of  the  leavea  h 
t^nu'hed  the  impulse  travels  in 
all  direetions  througli  the  cellular  tissue^  indeiieudently  of  the  course  of 
the  vessels,  to  the  cells  at  the  mid-rib.  Fluid  thus  flowing  from  the 
upper  cells  to  tlie  lower,  the  lower  cells  greatly  increase  in  tension,  while 
the  upper  ones  become  relaxed  and  the  leaves  come  into  appositimi, 
Opeuitig  of  the  leaves  is  accomi>lished  by  a  reverse  process.  In  this 
plant  there  is  therefore  to  be  seen  not  cjijjy  a  mechanical  irritation* 
which  produces  niechanicnl  motion  by  purely  mechanical  means,  but  also 
a  cheiuica!  irritation  throui^b  lontiu^t  of  various  substances  with  the 
leaf,  whicli  results  in  the  ptiMbirtbrn  of  a  digestive  secretion. 

2,  pRoToi'LASMrc  MovEMKNTa — Protoplasmic  movements^  which  may 
be  secji  in  1*t>tli  the  animal  iitid  vegetidile  kingdoms,  may  lie  of  various 
kinds.  We  may  meet  with  nioveuients  of  free  ju-utophism,  or  of  proto- 
phism  while  eontaiued  witliin  cell-wails. 

The  petMiliarity  of  protoplasmic  motion  lies  in  the  fact  that  the 
particles  of  the  contractile  mass  do  not  move  around  any   fixed   point, 


4 
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Lkaf  ViF.wKD  Laterally  in  its  EjceANUEu 
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but  that  all  the  purtieles,  as  iu  a  liquid^  are  capable  uf  imitiiul  rearrange- 
liiont  of  position.  Further^  the  stimulus  to  iiiotioii  is  not  invariably 
applied  from  withoot,  but  may  be  self-orighiating  iu  tlio  intt*rior  of  tbe 
lua^s.     Frotoplasm  is  thus  contractile,  irritable,  and  automatic, 

Protu|>lasni,  where s'er  found,  is  a  trans|jnrent^  uolorless,  apparently 
homogeneous  mass^  refracting  light  s^omewbat  more  i^trongly  than  water,* 
but  less  than  oil.  Where  protoj>laBm  may  be  separated  into  layers,  as  in 
the  ectosare  and  endosarc  of  some  of  the  Iowit  luiinudeules,  protojilasm 
luay  l>e  doubly  refnietive,  and  when  the  direction  of  motion  of  the 
protoplasm  is  constant  the  optic  axis  coincides  with  the  line  of  motion. 
Protoplasm,  as  |>reviously  indicated,  possesses  considerable  power  of 
imbibition,  moderate  eohesiun,  and  great  extensibility,  the  tlegree  of  each 
of  these  physical  attributes  varying  in  different  forms  of  |)rotoplafim, 
and  at  ditlerent  times  and  under  ilitferent  conditions  for  the  same 
protoplasm. 

Protoplasm  also  usually  contains  a  variable  number  of  granules  of 
foreign  matter,  which  are  passive  in  the  motions  of  protoplasm,  but 
which  themselves  may  mainfest  ostMUatory  movement  (lirowuian  motion). 
The  reaction  f»f  protoplasm  is  usnidiy  ftiintly  alkuHue  or  neutral. 

Protoplasm  may  produce  movement  by  means  of  jirolongations  of 
cells,  or  by  the  contraction  of  organized  matter  result! ug  tVom  the 
metamoriihosis  of  celU'outcnts.     We  have  therefore  to  cousider^ — 

J*\rt<i. — Protoplasmic  and  cellular  motion^  whether  limited  by  a  cell- 
membrane,  or  oi^curring  in  free  protoplasm. 

St^vond, — Motion  of  the  protoplasmic  prolongations  of  cells,  as  seen 
in  ciliary  movement ;  and 

Third, — The  contraction  of  substances  resulting  from  the  metamor- 
phosis of  cell-contents,  as  seen  iu  muscular  tissue. 

1.  Jlovemenfa  in  rrotoplai<mir  Contents  of  CvUs. — In  addition  to 
the  Brownian  movement,  or  oscillatory  movement  of  granules  which  is 
^een  whenever  minute  particles,  whether  organic  or  inorganic,  are  sus- 
fiended  in  a  fluid,  and  wliich  are  simply  due  to  varying  currents  jiroduced 
by  diderenoes  of  temi^erature,  the  motion  iu  the  protoiilasmic  cojitents 
of  cells  may  be  either  circulatory  (cyclosis)  or  tmiy  result  in  changes  of 
form.  Cireulator.y  movements  are  seen  in  numerous  vegetaiile  cells, 
psirticnlarly  wlien  the  protophismic  contents  have  decreased  sumewbat 
in  anu>unt  so  as  not  to  till  the  entire  interior  of  tbe  cell;  the  protoplasm 
is  then  heaiied  up  against  the  walls  of  the  cells,  and  sends  prolongations 
across  the  interior.  These  cell-contents  may  then  muni  Test  movements, 
dther  of  changes  of  fnrui  or  of  circulation  of  starch  granules,  etc*, 
which  are  imlie^bled  in  the  ju^ntoplasm. 

If  a  vx4\  of  the  Trftdr.<trintia  virfjinica  is  examined  under  the  micro- 
scope, the  protciplasmic  c el  1-tton tents  will  be  found  to  be  anai 
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form  of  an  irrt'iruhir  i»i*t-wurk,  iis  represented  in  Fig.  46.  These  proto- 
plasmic threads  are  the  sent  iiffhaiiges,  liutli  i>f  form  iind  (losition.  The 
sintfle  tilameiits  tuny  beeome  thieker  or  thinner,  or  a  new  iilauient  limy 
»prLng  oat  from  and  enter  and  unite  with  mljoining  filaments,  or  may 
nndertyo  division  iJito  several  others,  the  process  luring  una  logons  to  tfiat 
already  descril)e<l  as  charaeterizing  the  an»*L4>a.  In  addition  to  this 
motion  in  the  cell-contents,  rotatory  movements  may  also  be  seen  to  take 

place  in  the  iirolt»pla.sni  which  i.n  in 
contact  witii  the  walls  of  the  cell, 
rotation  oeenrring  in  a  constant 
direction  and  with  almost  uniform 
rapidity  aronnd  tbe  cell-nucleus,  the 
imbedded  chlonjphj^  U  and  starch- 
grannies  rotating  in  a  mass  without 
any  decisive  change  in  their  rehitive 
positions.  t^nch  rotatory  move- 
ments are  seen  in  the  leaf-cells  of 
the  Vallisneria,  and  various  other 
jilants.  Similar  motions  are  also 
seen  in  the  paramn?cinm  and  other 
infusoria^ 

In  young  animal  cells  the  same 
character  of  movement  is  often 
present ;  often  when  a  membrane  is 
absent  or  is  very  flexible  the  pro- 
toplasmic movements  cause  a  chancre 
in  the  entire  shape  of  the  cell,  and 
the  motion  so  produced  cannot  be 
distinguished  from  those  of  free 
protoplasm. 

Occasionally  protoplasm  be- 
comes free  by  escaping  from  the 
interior  of  cells,  such  as  the  so-called 
plasm  Olds  of  myxomycetes.  in  wiiich 
not  only  an  internal  grantdar  move- 
ment  but  also  a  change  uf  external 
shape  may  be  made  out.  Similar  phenomena  are  also  seen  in  those 
organisms  which  consist  of  masses  of  free  protoplasm,  such  as  the 
inonera,  rbizoiwids,  polyps,  and  infusoria.  Such  jirotoplasm  possesses 
in  an  eminent  degi-ee  tbe  pro]>erty  of  contractility, — a  term  originally 
applied  to  striped  and  unstri|KKl  muscles.  The  changes  in  forra  of 
masses  of  free  protoplasm  is  identical  in  nature  w  ith  that  observed  in 
muscular  contraction. 
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The  contractility  of  ijrotopliism  nmy  liii  inaiiife.sted  hy  either 
irtial  or  total  contractions,  the  liittfv  tending  to  cunMe  the  protoplnsui 
assume  a  spberienl  »lnipe,  Piirtiftl  contnu'tions  are  nuicli  more 
eoiiimun,  and  consiHt  in  con truct ions  along  certain  circumferences  of  the 
ma!^  of  protuijlannj,  find  thns  Icrul  to  the  prod  net  ifu*  of  irrcgnlaril  y  in 
outline.  Moveitjcnts  so  produced  are  tie.scriheil  us  atjuchoid  movements 
from  the  fact  that  they  are  be^st  seen  in  tl»e  auneha» 

AmcelHiid  nmvementj*  ha%*e  atread y  been  deserifieil,  jind  are  exempli- 
fied in  many  of  tlie  cells  uf  which  the  hrnlieH  of  the  hi«^licr  animals  are 
made  up.  Thus,  the  culorless  biaod-corpii8ele.s,  lym[»h-cellsj  and  corneal 
corpuscles  possess  throujrhout  their  entire  life  the  power  of  ehanginjj 
their  form  in  a  manner  entirely  similar  to  that  poBsessed  by  tlie  amoeba 
(Fig.  47). 


b  e  d  e 
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TiQ.  iT.—AMfKBOtn  Movement  in*  a  Cot.ori.kh.h  BLooD-CoRpt^flcLK  or  TOB 
FB*Hi.     iEfigrhHaim.) 

Tba  t«Bi[i«rfttiir«  itw  gndiLfeUj  r»lMKt  from  n  to  m^  md  thon  ptrNilneU'y  rvdueod. 

The  most  strikin*^  illustration  of  this  form  of  i>rotn|>laRmic  move- 
mentf  seen  in  adult  animals,  is  exempliiied  in  the  motions  of  pigment- 
cells  in  the  skin  of  the  chameleon.  As  is  we!!  known,  the  chameleon  is 
capable  of  chaiiginjr  the  line  of  its  Bkin.  and  tins  is  simply  due  to  the 
Taning  de^reew  of  coutrnction  of  the  pitnrment-eells,  which  are  situated 
behiw  the  epidermis.  When  these  cells  send  out  branching  prolonga- 
tions to  the  exterior,  the  skin  snrfnce  of  the  rliameleon,  from  the  larger 
amount  of  pigment  exposed,  will  take  on  a  dark  Inu'.  In  the  dilferent 
stAges  of  contraction  of  these  pigment-cells  the  tint  of  the  skin  will 
Tarv  according  as  the  pigment-cells  are  seen  through  a  thicker  or  thinner 
layer  of  yellowish  or  almost  colorless  epidermal  cells. 


m 


Tlie  fruir  alno,  aH  is  well 
kuuvvu,  is  iiu(»thor  iUuHtmtioii 
of  J I  ulianpe  of  tiut  jjroiiuccMl 
liy  pri'cii^uly  sinnlar  |jrcK'e^t!**'.s. 

From  the  fact  tliat  tlie 
moveitients  of  liiese  pigintnit' 
eellw  ap|R^!ir  to  l>e  under  tht* 
CMiiitrol  of  the  nervouH  Hysteiii. 
they  oiler  an  ilhiHtmtioii  of  a 
tmiisitioii  stn^e  l»etweeu  the 
iideiienileut,  uutomjitie  move- 
in  tnit  of  free  protoplaJBni,  as  in 
the  boily  fif  the  fima?bji,  suh! 
the  HiR^eifdizution  of  the  furie- 
tion  of  movement  in  the  nerv- 
ous gfin^lhi,  nerves,  anrl  musek*- 
eells  of  lu^fber  nuimal^. 

Ill  eertuiu  of  the  low  fonnn 
of  life  protopkismic  motion 
may  tuke  on  the  form  of  luinute 
eon  true  tile  threads  lhro\m  out 
Vom  tlie  hvily  of  various  rhiy.- 
0|>oils  and  moiiera,  which  dif- 
er?*  from  the  auKeboid  movf- 
meutB  ju»t  deserilie<L  In  tlii!* 
case  long  and  thin  [irotoplasinic 
threads  in  great  number  extend  in  every  direetion  from  the  centnd  masfs; 
these  threads,  on  whose  surfaces  line  grnuuks  are  often  seen  in  active 


MECHANICAL   MOVEMENTS   IN   CELLS. 


77 


motion,  art*  not  themselves,  usually,  the  sent  of  juiy  ju-tive  elmnge  in  form, 
iiltlioiijjh  they  slowly  niid  trT*ft<limlly  beeomc*  longer  or  shorter^  or  perhaps 
even  divided.  They  ure  also  ciipiiLle  of  being  entirely  withdniwn  into 
the  contmetilc  boiiy-mass.  Such  a  form  of  motion,  or  rnther  the  fonns 
re^sulting  from  such  motion,  are  represfntinl  in  Fig.  50. 

2,  Ciiiari/  Movemeni, — By  eiliury  movement  is  meant  the  pendulum- 
like  motion  possessed  hy  protoidasmic  prolongutions  of  fine  !mir~like 
thread**  of  nnmeronw  aniiiial  and  vegetable  cells. 

In  nmny  of  the  infnsoriu  the  entire  external  body  surface,  or  a  eertiun 
limited  portion  of  it,  is  supplied  with  minute  bair-like  appendages,  which, 
by  their  oseillntion,  serve  us  organs  of  [iropnlsion.  In  vegetable  spores 
cilia  are  distributed  in  a  similar  manner,  and  likewise  serve  a«  propulsive 


tn  the  animal  kingdfim  eiliary  movement  is  seen  under  numerous 
forms  on  ciliated  epithelijil  cells  lining  the  nasal  passages,  antrnm,  tear- 
duct  and  sacs,  pharynx  and  Eustaehiau  tube,  middle  ej\r,  trat-hea, 
brouelii,  uterus  and  Fallopian  tube,  vas  defferens,  epididynms,  central 
eaniil  uf  the  spinal  cord  and  brain-ventrielcs,  while  cilia  also  serve  as  the 
organ  of  movement  in  spermatozoa. 

The  form  of  the  eilium  is,  as  a  rule,  that  of  a  narrow,  hair-like 
thread.  In  all  of  the  ciliated  epithelial  cells  of  the  higher  animals,  as 
well  as  in  most  spermatozoa,  and  in  many  of  the  lower  animals  an<l 
plants,  the  length  of  such  eilia  may  vary  from  IK05  mm.  to  0.0U5  mm. 
(Fig,  61;.  They  are  structureless  in  appearance  and  colorless,  ami 
po<58ess  a  considerable  amount  of  flexibility  and  elastieiti'.  Under  the 
inf  uence  of  various  agents  they  may  either  swell  up  by  imbibition  or 
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slirivel  when  clesiccattHl,  luid  their  iipi>eai*ances  then  undergo  the  same 
changes  as  will  be  ilescrilred  under  the  altenvtious  of  protoplasm.  The 
solutions  whicli  etiiiguhite  idbuniinokl  boilies  alno  coaguhite  the  ciliate 
proloi^iitiotiJi  <it'  eelU.  Caustic  alkalies  and  most  of  the  concent rate<l 
aeidn  disHolve  them.  In  fact,  cilia  behave  to  all  reagents  in  a  very 
similar  manner  to  protoplatsm.  All  cilia  are  invariably  conneeted  with 
a  protoplasmic  base,  and  are  never  on  (irm  membnuies,  Thererore 
when  cilia  are  found  in  tlie  higher  animals  on  ei»i!helial  membranes  the 
free  surface  of  the  cell  possesses  no  membrane,  but  the  protoplasnnc  cell- 
contents,  in  a  manner  similar  to  that  which  is  founrl  in  the  epithelial  cells 
of  the  villi  of  the  small  intestine^  is  somewhat  condensed,  apparently 
nou4;ontractile,  homogeneous,  or  striated,  and  not  capable  of  imbibition* 
Such  a  surface  might  therefore  Ih^  described  as  a  protojilasmic  cuticle. 

Cilia  pass  through  this  condensed  layer  of  protoplasm  to  be  directly 
in  contact  with  the  proto]jlasmic  contents  of  the  cell  below.  On  each  cell 
of  a  ciliated  epithelial  membrane,  from  ten  to  t'wenty  sueh  cilia  will  be 
distributed  over  the  external  surface,  Jn  lower  forms  of  animals,  as  in 
the  spermatozoa  of  all  vertebrates,  ciliated  cells  may  possess  but  a  single 
ciliuni,  as  seen  in  many  t>f  the  nni cellular  alga*  iind  ilfigellwt^i. 

Ciliated  epithelial  cells  are  always  cyliudrit-ai  in  sliat>c  and  sire 
nucleated.  When  a  portiiin  of  ciliated  membrane  sneh  iis  that  obtained 
from  the  mouth  or  nasal  pharyjix  of  the  frog,  or  frrun  the  !n\sal  chaml>er 
of  almost  any  animal,  is  phiecfl  under  tlie  mien>s(*(ipe,  the  thread-like 
prolongations  of  these  cells  will  be  found  to  Ix*  in  const^int  motion,  by 
which  the  cells  of  one  locality  make  a  rapid  bending  motion  in  one 
directiorii  aufl  then  more  slowly  l>enil  themselves  Ijsiek  to  their  original 
position.  The  amplitude  of  the.se  ot^cillations  varies  greatly  with  the 
character  of  the  cell  and  certain  external  conditions,  but  cm  all  cylin- 
drical ej)ithelial  cells  taken  from  the  same  locality  is  about  et|nal,  antl, 
although  the  bending  may  be  as  much  as  90^,  it  usually  vuries  from 
about  20^  to  50^.  The  rapidity  of  oscillation  of  each  cilium  may  be 
about  six  or  eight  in -the  aecoufi,  although  under  certain  circumstance* 
it  may  be  considerably  higher,  since  it  is  intbienced  by  n  number  of 
external  conditions,  such  as  temperature,  amount  of  wjiirr  t oiitained  by 
imbibition,  etc- 

The  mechanicjil  force  exerted  by  this  pendubun-like  motion  of  the 
cilia  is  very  conshlerablc.  In  cells  which,  like  the  sjiermatozoa,  fire 
supplied  with  a  single  cilium  (Fig.  52),  the  screwdike  motion  of  thii 
appendage  is  sullicient  to  produce  rapid  mention  of  the  entire  organism. 
In  the  case  of  ciliary  membranes,  the  vibration,  having  a  greater  intensity 
in  one  direction  than  in  another,  is  suflk-ient  to  produce  forward  motion 
of  light  Ijodies  brought  in  contact  with  them.  Thus,  if  tlic  mucous  mem- 
brane is  dissected  from  the  pharynx  of  the  frog  and  fastened  by  piu»  on 
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,  anj  Jight  iMidios  i>liictMl  in  euiitnet  with  tlit*  inliiitt*^  surface  cif 
tiie  mcrabnuie  will  be  iiiuwd  com|Minttivelv  rjipiilly  lorwanl  in  the 
direction  of  osc^ilhitiun  oi'  the  cilia;  ur  if  thr  ImmIv  nrihc  friitj^  is  hisectedj 
and  a  glnas  tube  piisseil  in  the  muni  h  n\id  out  thii  (jeso[JhagU8,  which  is 
cut  off  at  the  |»uint  wlicrc  it  uiiIimh  the  stuiiisieh,  the  iniitinn  uf  the  ciliated 
epithelium  lining  the  phurynx  and  u*suphagii8  will  be  suHicient  to  cause 


Fro. 'i2,— ^PFRMATOZOA  OF  DiFFKTiE??T  Animat^h.    {ThanhnJffrA 

P.  A,  n,  «pcrm«f  tfift  of  PklniliiM  rifjpur*  ;  Hn,  uf  H«l  tx  nenMntl»«  :  B,  «r  Hkf*»  mturtlnan*  ;  Bi\  of 
fcntl ;  V,*>fnivle;  K.ofiliJg;  D,  nflwt:  Cm,  of  man.  K,  ofraoH»<^'  C^if  canarr-lsinj  ;  L,  ofhctne:  P<i,  &, 
at  nly  with  ^r-Hf^KLl^'blAf  '  J,  ^'f  khc^}*;  Br.  urfnfic;  R.  mF  Ra,jci  luitja:  K'f,  ti',  af^rmmUAAmMt*. 

the  body  of  the  froo;  to  jKlvaiice  ut  ii  compttrfttlvcly  rnpid  mte, — &h 
posftihly  as  one  niilliineter  in  the  second,  or  even  more.  It  has  l>ecn 
iiuati^d  that,  in  4)bli(pie  or  vertical  nj^wiird  movements,  each  aquare 
centimeter  of  ciliated  membrane  can  perform  in  one  hour  *>.8  gramme 
millimeters  of  work,  or  the  cells  can  lift  their  own  weijrht  more  t him  fonr 
meters  high  (Bowditch).     Tbiw  nwtion  of  bodies  j>hiced  in  contact  with 
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ciliattHl  surfuces  is  evidently  del>^?ndellt  upon  th<?  fact  that  the  intensity! 
of  motion  is  greater  in  one  direction  limn  In  the  other;  otherwise,  of  j 
coiir^^e,  the  et!ect  would  he  negative, 

Since  eiliated  epithelinin,  as  has  been  already  showii,  lines  most  of 
the  tnliular  strnetnres  of  the  animal  body,  the  etfeet  of  the  vibratory  ^ 
motion  of  theeilia  will  be  to  propel  onwjird   fluids  and  light  particles  iu^ 
eontact   with  the  surfaces  of  the   mcndjrane,     Thus^  the   cilia   of  the 
Fidlopian  tube,  by  their  vibrations^  nerve  greatly  to  assist  the  onward 
passage  of  the  ovnm  through  the  oviduct, 

Ciliar}^  motion  i>ersists  onl^^  as  long  as  tlie  cilia  are  in  contact  wrtllj 
the  protoplasmic  contents  of  cells »  although  Briicke  has  found  that  it  ii 
not  necessary  that  the  entire  cell  be  in  contact  with  the  cilia;  for  if  the 
free  surface  of  a  ciliated  membrane  is  carefnlly  shaved  with  a  sharp 
knife  and  the  portions  cut  otf  examined  tinder  a  microscope,  it  will  lie  i 
found  that  many  of  the  ciliated  cells  have  been  divided^  and  yet,  providedjH 
a  certain  portion  of  tlie  cell-con  I  en  ts  is  still  in  contact  ivith  the  cilia,  the 
latter  will  still  manifest  their  normal  movements.  Ciliary  movement 
may  pei-sist  after  the  death  of  the  individual  where  that  ciliary  motion 
is  not  eoneerned  in  producing  movement  of  the  entire  organism;  thus, 
in  the  ciliated  infusoria  anytliing  which  destroys  the  life  of  the  aniuiab 
cules  will  arrest  ciliary  movement;  but,  in  the  higher  animals,  in  the 
colddihjode^l  groups,  motion  of  ciliated  epithelium  may  persist  for  days 
after  the  death  of  tlie  animal;  while,  even  in  the  wartu-blooded  animals, 
a  number  of  hours  after  the  death  of  the  organism,  the  cilia  will  still  be 
in  vibration.  This  indicates  that,  in  tl»e  first  place,  ciliary  movement  is 
not  under  the  control  of  the  nervous  system;  and,  secondly,  that  it  ii 
inde[ pendent  of  the  state  of  the  entire  organism, — at  any  rate,  in  the 
higher  forms  of  life,-^ince  it  may  persist  long  after  the  irritability  of 
nerves  and  muscles  has  disappeared.  Temjierature  prodnces  the  aaine 
effects,  nearly,  on  ciliary  movement  as  it  exerts  on  other  protoplasmic 
movements;  thus  above  45^  0.  ciliated  motion  ceases,  while  at  0^  €»  it 
also  is  arrested,  to,  however,  return  again  when  the  temperature  is  raised. 

Increase  of  temjierature  between  these  two  limits  produces  increase 
in  the  rapidity  of  oscillation  of  cilia,  while  decrease  of  the  temperature 
produces  ret  a  rdation. 

Every  alteration  in  degree  of  watery  imbibition  of  epitlielial  cells 
exerts  an  inHuence  on  the  ciliary-  movement ;  especially  on  the  degree  nf 
frequency  and  amijlitude  of  vibration.  Increasing  the  amount  of  water 
in  the  epithelial  cells  above  the  normal  a  mount  may,  at  first,  increase  the 
vigor  of  oscillation,  but  when  a  certain  maximum  is  passed  motion  ii* 
grailually  arrested,  as  in  heat-tetanus  ;  the  cilia  coming  to  rest  while  ht^t 
forward,  both  cells  and  cilia  Iwing  swollen  ami  more  transparent,  and  the 
nucleus   appearing  as  a  distended,  watery  vesicle.      When  &uch  a  eon- 
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ditioQ  IS  reached  the  normal  condition  of  the*  cells  may  be  again  restored 
through  the  use  of  desiccating  agents,  such  as  snlts,  wliich  have  an 
affinity  for  water,  provided  tbe  watery  distension  has  not  laated  too  long, 
nor  has  passed  a  eertjiin  degree.  Ahfttrjiction  of  water  a^ain,  on  the 
other  hand,  reduces  the  rapidity,  aiiiiilitude,  mid  iDeelianical  force  of 
movement,  while  the  cells  and  cilia  l>ecume  shriveled  and  motion  is 
arrested.  Like  all  other  evidences  of  protoplasmic  activity,  a  certain 
supply  of  oxygen  is  necessary  ftjr  tiie  ninintcnnnee  of  ciliary  motion, 
and  here  again  tbe  same  conditions  may  lie  determined  as  will  be 
deseribeil  under  the  conditions  necessary  for  protoplasmic  movement. 
80  also  various  chemical  influences,  alkalies,  acids,  aiimsthetics,  and 
^isotis  produce  disturbances  of  motion  de pendent  upon  their  influence 
on  the  protoplasmic  contents  of  the  cells.  The  inQuenccd  of  electricity 
OQ  ciliary  mo%^ement  have  not  been,  as  yet,  very  clearly  mode  out, 
hou^h  they  also  a]>pear  to  be  in  acconl  with  the  results  obtained  from 
the  action  of  electrit-ity  on  protoplasm. 

These  facts  serve  to  show  that  ciliary  movement  is  a  form  of  pro- 
toplasmic movement;  for,  not  only  is  such  motion  dependent  on  the  con- 
nection of  the  cilia  with  the  cell-contents,  but  all  cilia  on  a  single  cell 
vibrate  synchronously,  and  their  motion  is  dependent  upon  the  condition 
of  the  protoplasmic  contents  of  the  cells,  A  ny thing  which  interferes  with 
the  manifestations  of  force  in  protoplasm  will  interfere  with  ciliary  motion. 
Ciliary  motion,  nevertheless,  ditfers  froin  other  forms  of  protoplasmic 
movement  m  that  it  occurs  in  deflnite  directions,  and,  with  the  exception 
of  the  »i)erraatozoa  and  other  ciliated  organisms,  on  fixcil  surfaces. 

Cilia  are  contractile  bnt  not  automatic  or  irritable,  wbile  the  con- 
tents of  ciliated  cells  have  apimrently  lost  their  power  of  indejiendent 
contractility.  Cilia  may,  therefore,  be  regarded  as  the  organs  of  move- 
ment of  certain  cell;*.  They,  consequently,  vei>reseut  a  certain  stage  of 
specialization  of  function, 

3.  Movement  in  Sperialized  Contract  if  e  Tismffi, — -In  the  contraction 
of  muscular  tissue,  specialization  of  function  has  advanced  a  steji  farther. 
Free  protoplasm  originates  its  own  stimulus  to  coutractiou,  is  therefore 
automatic,  and  is  itself  contractile.  In  ci hated  cells  the  contmctile 
impulse  originates  in  the  protoplasmic  contents  of  the  cells,  wdiich,  how- 
ever, have  lost  their  power  of  contnictility,  and  transfers  the  stimulus 
to  contractile  organs,  the  cilia,  which  are  not  themselves  automatic. 

In  muscular  tissue  movement  depends  upon  three  histologically 
diflTerent  tissues:  the  nervous^  ffanglion,  which  is  automatic  and  originated 
the  contractile  impulse;  the  7iercL'»,  which  conduct  this  impulse  to  the 
musclea^  which,  like  cilia,  are  contractile  but  not  automatic. 

The  phenomena  of  muscular  contraction  will  be  considered  under 
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GENERAL  CONDITIONS   GOVERNING  PROTOPLASMIC  MOVEMENT. 

The  motions  of  protoplasm  are  governed  by  a  large  number  of  con- 
ditions which  are  similar  for  protoplasm,  whether  of  animal  or  vegetable 
origin.  This  fact  therefore  points  to  the  identity  of  protoplasm  of  ani- 
mal  and  vegetable  forms  of  life. 

1.  Temperature. — For  every  variety  of  protoplasm  there  is  on 
upper  and  lower  temperature  beyond  which  spontaneous  motion  ceases. 
The  minimum  temperature  at  which  motion  is  possible  is  usually  0^  C; 
the  maximum  is  40°  C.  Between  these  limits  the  rapidity  of  motion 
usually  increases  with  the  increase  of  temperature,  and  the  temperature 
at  which  the  motions  are  most  active  usually  lies  several  degrees  below 
the  maximum  temperature,  at  which  point  heat-tetanus,  or  heat-rigor^ — 
in  other  words,  universal  contraction  of  protoplasm, — occurs,  resulting 
in  the  assumption  of  spherical  forms  analogous  to  the  condition  pro- 
duced by  prolonged  mechanical,  chemical,  or  electrical  irritation.  If  the 
temperature  is  then  reduced,  the  protoplasm  may  regain  its  power  of 
spontaneous  contractilit3'.  At  the  maximum  temperature  no  optical 
changes  occur  in  the  protoplasm,  but  if  the  temperature  is  raised  above 
this  point  the  protoplasm  becomes  shriveled  and  opaque  from  the  coagu- 
lation of  the  albuminoids  of  protoplasm.  Vacuoles  often  form,  and  the 
I>ower  of  contractility  is  permanentl}'  lost.  As  the  temperature  is 
reduced  toward  the  minimum  the  movements  become  slower,  and  con- 
tractility is  finally  extinguished.  No  optical  changes  are,  however,  so 
produced,  and  an  increase  of  temperature  will  now  renew  the  power  of 
contractility..  Contractility  is  therefore  destroyed  by  an  excess  of  heat, — 
is  suspended  by  a  low  temperature. 

The  changes  in  shape,  as  a  consequence  of  change  in  temperature,  are 
represented  in  Fig.  53.  From  a  to  c  the  temperature  was  12°  C.  The 
protoplasm — the  white  blood-corpuscles  of  the  frog — during  that  time 
changed  its  form  but  little.  The  preparation  was  then  placed  on  the 
warm  stage  of  the  microscope  and  heated  to  50°  C.  Almost  imme- 
diately the  movements  became  more  active,  passing  through  the  forms  as 
shown  from  d  to  /.  At  m  commencing  and  at  n  complete  heat-rigor  is 
shown,  while  at  o  and  p  are  shown  the  commencing  movements  restored 
by  subsequent  cooling. 

2.  The  Degree  of  Imbibition, — The  amount  of  water  held  in  com- 
position by  the  protoplasm  is  also  of  influence  on  the  capability  for 
spontaneous  motion.  For  every  form  of  protoplasm  there  is  a  maximum 
and  minimum  quantity  of  water  of  imbibition  beyond  which  movement 
ceases.  Contraction  is  impossible  when,  as  a  rule,  less  than  60  \yeT 
cent,  or  more  than  90  per  cent,  of  water  is  held  by  protoplasm. 
Within  these  limits  the  rapidity  of  contraction  increases  with  the  amount 
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of  water^  and  consequently  with  the  increase  of  volume  ami  decrease  in 
the  index  of  refmction  of  the  protophism.  As  the  maxjmiim  amount  of 
wiiter  becomes  approached  tlie  spliLTical  form  is  fissuined  ;  so  thjit,  there- 
fore,  distilled  water,  as  pointed  out  in  tlie  section  on  itiihibitiiin,  kills 
protoplasm,  possihly  by  the  extraction  of  the  salts  wbicli  are  Ui-cessary 
for  the  life  of  protoplasm.  Thus,  salt-water  fish  are  killed  hy  plaeintr  in 
fresh  water;  the  fre.sh  water  is  then  found  to  increase  in  ite  iuorgnnie 
constituents^  which  thus  evidently  must  be  extracted  from  the  tissues* 
of  the  animals  with  which  it  is  in  crmtaet.  So  also  desiccation  produces 
shriveling  of  the  protophism  and  an  entire  disappeanmee  of  all  power  of 
XDOTement,  althongh  in  the  lower  forms  of  li(\i  vitality  is  not  destroyed, 
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but  becomes  latent;  and  when  the  proper  percentile  of  moisture  is  again 
supplied  the  protophir^m  will  reiirfiin  its  power  of  contractins:. 

This  is  seen  in  the  infusoria  and  various  hjw  forms  of  animal  find 
vegetal  lie  lifct  which  may  lie  preserved  indefinitely  when  desiccated,  and 
nmy  Ite  restored  to  active  life  by  placing  them  in  a  condition  to  absorli 
moisture. 

3.  77te  Suppbj  of  Oxi/gew. -^Protoplasmic  movements  require  the 
constant  supply  of  oxygen,  althoutrh  they  may  continue  to  live  in  a 
medinm  of  much  hjwer  oxygen-tension  than  is  ficen  in  the  atmosphere. 
Higher  tensions  of  ox^^gen  than  are  found  in  the  atmosphere  will  reduce 
the  inottons  of  protoplasm,  which  are,  however,  again  renewed  when  the 
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pressure  of  oxygen  i's  diminished.  All  protoplasmic  motion  is  rapidly 
arrested  in  a  vacuum. 

4.  Various  Chemical  and  Physical  Agents, — Various  chemical  agents 
are  capable  of  modifying  the  contractility  of  protoplasm.  Thus,  a  slight 
excess  of  acid  or  of  alkali  will  arrest  protoplasmic  movement;  hence, 
protoplasmic  motions  in  the  cells  of  various  vegetable  organisms,  such 
as  cara,  will  be  arrested,  after  two  or  three  minutes,  in  a  one-tenth  of  one 
per  cent,  soda  solution.  Dilute  acids  cause  coagulation  of  protoplasm, 
atid  will  perhaps  explain  the  poisonous  action  of  carbon  dioxide  and  the 
necessity  of  its  removal  from  cells  as  rapidly  as  formed.  Various  poison^, 
such  as  ether  and  chloroform,  interfere  with  the  activity  of  protoplasm 
of  all  forms,  and  the  similarity  of  action  serves  to  still  further  demon- 
strate the  identity  of  protoplasm.  Thus,  the  alkaloid  veratrine  produces 
effects  on  all  forms  of  protoplasm  similar  to  those  so  well  marked  in 
muscular  tissue. 

Protoplasm,  also,  like  muscular  and  other  irritable  tissue,  responds 
to  various  forms  of  artificial  stimuli,  though  the  degree  of  susceptibility 
to  such  stimuli  may  vary  in  different  forms  of  protoplasm.  Electrical 
currents,  when  powerful,  are  capable  of  killing  protoplasm,  causing  it  to 
•assume  a  spherical  shape,  and  to  become  opaque,  shriveled,  and  granular. 
Feeble  currents  slow  the  spontaneous  motions  of  protoplasm,  while 
strong  currents  arrest  them.  Where  the  contractile  tissue  is  inclosed 
in  tubular  sheaths  and  the  assumption  of  the  s])herical  form  so  rendered 
impossible,  as  in  muscular  tissue,  an  attempt  is  made  to  approach  the 
form  as  nearly  as  possible.  Such  protoplasmic  cylinders  when  stimulated 
become  shorter  and  thicker. 

Sudden  changes  of  temperature  are  also  capable  of  producing  either 
increase  or  decrease  in  the  contractility  of  protoplasm,  the  change  being 
more  marked  the  more  rapidly  the  variation  in  temperature  occurs. 

Absence  of  light  also  serves  finally  to  arrest  protoplasmic  motion, 
while  its  presence  will  lead  to  increased  vigor  of  contraction,  as  already 
referred  to  in  the  changes  in  the  contractile  pigmented  cells  of  the  skm 
of  the  chameleon  and  frog. 


SECTION  III. 
Cellular  Chemistry, 


I.  CHEMICAL  CONSTITUENTS  OF  CELLS. 

In  the  consideration  iif  the  striR-ture  of  organized  lK)dies  we  found 
that,  no  matter  how  complicnted  their  forni,  all  orgftnizod  mutter  was 
eapalile  of  being  resolved  into  a  unit  of  organization,  which  we  termed » 
with  Briicke,  an  elementary-  nrganiKin  or  eelL 

Cells^  therefore,  are  the  mniplest  schematie  form  to  wbieli  all  the 
viirious  forms  of  organized  bo<lies  are  caipaUle  of  being  reduet^L  Chemi- 
cal investigation  of  organized  I»i>iiies  further  shows  that  they  are  equally 
simide  a»  reganb  their  elementary  eomposition.  Of  the  sixly-tive  eJiemi- 
cal  elements  only  seven  enter  with  any  degree  of  eonstaney  into  the  forma- 
tion  of  organic  coiiiponnds  ;  these  are  oxygen,  nitrogen,  |jydrogi.*n,  earlion » 
sulphur,  phosphoni:^,  and  iron.  By  far  the  greatest  numln'r  ul'all  organie 
comiKiunds  are  eompoHed  oidy  of  the  three  elements,  ear bon,  hydrogen, 
and  ox^'gen,  varying  In  the  different  relative  [iroportions  of  each.  In 
one  group,  re[>resented  by  the  organic  aeids  (siueinie  aeid,  C^lIjO^),  even 
if  we  assume  that  all  the  hydrogen  j>ref^ent  is  assoeiated  with  oxygen  in 
tlie  pro[>ortion  to  form  water,  there  always  remains  a  considenible  excess 
of  ox3^gen  uiuieeouiited  for.  In  tlie  second  group »  re]>ri'seNted  by  the 
car Ix*-hyd rates  (glycogen,  C^H^O,),  we  Lave  twice  as  much  hydrogen  as 
oxygen,  or,  in  other  words,  the  oxygen  and  hydrogen  exist  only  in  tht^ 
proportion  to  form  water.  In  the  third  group,  composed  of  thet^e  elo- 
tneiits,  enrbon,  hydrogen,  and  oxygen,  and  represented  by  the  fatty  acids 
(oleic  acid,  Cialli*^i)»  '^  ^^  suppose  that  all  the  oxygen  is  united  with 
the  hydrogen  in  the  |»roportion  to  form  water,  wt*  liave  still  a  consider- 
able excess  of  liydrogen  unaccounted  for.  Such  Ijodies  arc,  therefore, 
termed  hy dro'<*arl nm s. 

In  another  group  of  organic  compounds,  and  one  of  the  most  im- 
portant of  the  constituents  of  cells^  we  find  nitrogen  associated  with 
earl*on,  hydrogen,  and  oxygen.  Such  a  grouji  we  wouhl  therefore  term 
the  nitrogenous,  in  contradistinction  to  the  non-iutrogenous. 

To  this  group  belong  the  highly  complex  organic  products  (complex 
as  regards  their  molecular  arrangement),  which  contain  sulphur  and  occa- 
sionally phosphorus,  and  still  more  rarely  iron,  and  which  are  represented 
by  the  albuminous  iKKliea;  the  nitrogenous  organic  acids  and  bases,  the 
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organic  alkaloids  and  hidiflcrent  crystalline  bodies »  some  of  whicli  contain 
Hiilphnr,  are  other  members  of  tliis  gronp.  As  yet  only  three  substances 
of  organic  origin  are  known  to  contain  phosphorus ;  these  are  lecithin 
{found  in  the  bloody  bile,  and  serous  fluids),  gl^^cerin-phosphoric  acid 
(t1erive<l  from  the  former,  and  found  in  the  same  localities),  and  UMclein 
(fonnil  in  [niSH^oriuiscles,  yelk  of  egg,  and  semen).  In  the  living  organism 
tiiese  (JFganic  coinpounils  are  in  a  state  of  solution  in  a  relntively  large 
amount  of  water,  and  either  associated  or  chemically  nnited  with  a  small 
[>ereent:ige  of  inorganic  matter,  which  modiiies,  in  all  probability,  the 
nature  of  the  former,  and  is  itself  not  without  value  in  tlie  vital  processes. 

All  organic  compounds  are  readily  decom|>osable,  either  through  the 
action  of  various  chemical  reagents,  elevation  of  temperature,  or  through 
the  processes  of  fermentation  and  putrefaction.  As  the  result  of  all  these 
chiinges  in  organic  matters  simpler  compoundB  are  prodnced.  The  more 
complex  the  molecule  of  organic  matter,  the  more  readily  is  it  subjected  to 
deeorapo^iition.  Tiie  character  of  these  changes,  as  well  as  the  nature  of 
some  of  the  sul)stances  which  result  from  change  of  varionn  kinds  in 
organic  matter,  will  be  subsequently  discussed. 

Of  the  inorganic  constituents  of  cells  liy  far  the  most  abundant  18 
water,  which  forms  the  great  iKtlk  of  oiganic  bodies.  Many  vegetable 
matters  may  contain  as  much  as  90  per  cent  of  water,  while  the  animal 
tissues  may  contain  75  per  cent,  or  more,  tliough  the  percentage  is  by  no 
menus  constant,  and  may  vary  in  single  tissues  accorfling  to  different 
physiological  or  pathological  conditions.  The  inorganic  constituents  of 
cells  are  taken  up  by  the  cells  already  preformed,  and,  as  a  rule,  again 
leave  the  cells  in  the  form  in  which  they  entered  it»  The  most  prominent 
exceiitiuu  to  this  rnle  is  found  in  the  ciise  of  rarbon  dioxide  and  sul- 
phuric acid;  the  former  originating  jji  the  oxidation  of  the  hydrogen 
contained  in  the  water  of  organic  constituents,  and  the  latter  coming 
from  the  oxidation  of  the  sulphur  cimtaine^l  in  albuminoids.  The  inor- 
ganic constituents  of  animal  and  vegctjible  cells  in  no  way  ditler  from 
similar  bodies  found  in  inorganic  matter.  When  found  as  eon*4tttuents 
t»f  cells  they  have  invariably  1>een  derived  from  the  atmosphere  or  the 
earth,  have  been  absorbed,  often  without  undergoing  any  change,  by 
vegetable  cells,  and  have  passed  from  the  latter  into  the  interior  of  animal 
tissues.  Inorganic  matter  is  found  in  all  animal  fluids  and  tissues, 
alihough  with  great  variation  as  to  amount.  Certain  inf>rgaidc  constitu* 
en  Is — ^uch,  for  example,  as  water  and  sodium  chloride^- are  found 
invuiiably  in  all  animal  tissues  and  fluids,  wjiile  other  of  the  inorganic 
cell-couHtituents  are  limited  to  the  cells  of  certain  special  tissues. 

The  inorganic  constituents  of  cells  may  exist  either  in  the  form  of 
gases,  salts,  free  acids,  or  in  certain  forms  of  combination  whose  exact 
arrangement  has  not  yet  been  made  out. 
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In  Addition  to  the  elements  wliieU  bare  been  aU'eudy  mentioned  ftS 
forrniiig  pnrt  of  the  orgnnic  eoiislitueiits  of  cells,  and  which,  of  eoiirse, 
nmy  exist  iu  other  forms,  we  lirid  alnt*,  when  organic  matter  is  siibjeeterl 
to  combustion,  chlorincj  fiaoriiK%  silieon,  potassiiini,  sodium,  culeiiim^ 
magnesinm,  mangtuiese,  iron,  and  oeeasionally  cujiper  and  lend,  in  the 
ash.  Of  the  other  I'lemi'iits  of  or;jfiuiic  bodies  in  ineineratiim  llie  carbon 
is  eon  veiled  into  earbon-tlioxide,  part  of  which  remains  iti  the  form  of 
carhonntca  in  the  ash,  part  of  the  hydrogen  uniting  with  oxygen  to  f<jrm 
water.  Another  portion  indtea  with  nitrogen  to  form  ammonia,  wliile  tlie 
phosphor n*«  and  suIi>lMir  remain  as  oxygen  compounds,  8ul])lmric  ami 
phosphoric  acids,  united  with  di  lie  rent  bases  also  in  the  ash. 

Of  the  various  chemical  componnds  which  are  found  iu  the  interior 
of  cells,  an<l  which  have  eutert'd  it^  either  from  accidentai  contact  or  as 
fooils,  or  as  resulting  from  the  chemical  iirocesses  in  cells,  we  inny  make 
three  ditferent  groups: — 

1.  Those  whichj  already  foi-med,  exist  in  inanimate  nattire,  are 
aljeorlxMl,  and  again  leave  cells  without  undergoing  any  change  while 
forming  constituents  of  organized  bodies*  Such  substances  are  repre- 
sented by  the  inorganic  constitnentvH  nf  animal  cells. 

2.  This  groni>  compiises  thr>se  w  hich  arc  already  formed  exterior  to 
the  cells,  and  which,  in  the  process  of  assimilation  by  the  cells,  undergo 
.S  change  sim[>h'  in  their  mode  of  molecular  arrangement,  without  nnder- 

ng  any  profound  eheiuical  metamorphosis.  8uch  constituents  are 
seldom,  if  ever,  removed  from  the  cells  iu  the  form  in  winch  they  entered 
it,  and  are*  in  the  chcmicsd  process  occurring  in  the  interior  of  the  cells, 
always  reduced  to  simpler  forrits.  Tlie  organic  eonstitnents  of  cells  form 
this  group.  They  ma^'  be  either  nitrogenous  or  non-nitrogenous  in 
composition* 

3.  We  meet  also  with  a  class  of  compounds  which  are  themselves 
developed  in  the  vital  processes  in  cells,  as  the  result  of  the  metauior|ihosis 
of  either  the  organic  constituents  of  cells  or  of  the  food -pro  r  I  nets  which 
have  been  assimilated  by  the  cells.  Such  bodies  may  be  removed  fVom 
cells  either  as  complex,  organic,  excrctoi'V  products  (as  ty[>cs  of  which 
urea  nnd  kreatin  ma^'  be  mentioned),  or  they  themselves  uuiy  midcrgo 
more  profound  decomposition  licfore  l»eing  removed  from  the  interior  of 
the  cells.  The  examination  of  firotoplasm,  wherever  found  in  theanimfd 
or  vegetable  kingdom,  will  show  that  it  contains  examples  of  each  of 
these  three  classes  of  compounds, 

Tlie  chemical  constitncnts  of  organic  bodies  may,  then,  be  divided 
into  two  ditlerent  groui>H,— the  organic  and  the  inorganic.  The  organic 
may  again  l>e  subdivided  into  the  nitrogenous  and  the  non-nitrogenous. 
Proteids,  w ith  their  derivatives,  represent  the  nitrogenous  group;  the 
hydroH^arbons  and    carbo-hydnites,   with    their   derivatives,   the    non- 
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nitrogenous  group.     Water  and  various  salts  belong  to  the  second,  op 
inorganic  group.     Tliese  will  be  taken  up  in  turn : — 

CONSTITUENTS  OF  CELLS. 


I.  Organic.  n.  iNORGAino. 

I  Water  and  Salts. 


A.  NUrogencta.  B.  Non-nitrogenmu, 

Proteids  and 


their  Derivatives. 


1.  Carbo-hydrates.  2.  Hydro-carbons. 

Starches  and  Sugars  and  Fats  and  Oils, 

their  Derivatives. 

A.     NITROGENQUS    ORGANIC    CELL-CONSTITUENTS — PROTEIDS    AND 

THEIR  DERIVATIVES. 

General  Characteristics  of  Proteids. — Proteid,  or  albuminouB 
bodies,  is  the  name  given  to  a  number  of  neutral,  nitrogenous  products 
of  complex  nature  widely  distributed  throughout  the  animal  and  vege- 
table kingdoms,  and  agreeing  more  or  less  in  chemical  composUion  and 
properties  with  the  white  of  an  ^g^.  They  are  found  dissolved  in  the 
fluid  media  of  the  animal  body,  as  constituents  of  the  digestive  juices, 
and  in  different  degrees  of  solidity  in  the  various  tissues.  They  are 
never,  during  health,  eliminated  from  the  bod}^  in  excretions.  They  are 
present  during  all  periods  of  life.  The  higlier  plane  of  organization  of 
man  and  the  higher  animals  depends  mainly  upon  the  abundance  and 
variety  of  the  albuminous  constituents  of  their  tivSsues;  for,  while  in 
plants  the  cell-walls  are  largely  composed  of  non-nitrogenous  matter, 
such  as  cellulose,  in  animals  analogous  parts  are  formed  of  various 
complex  albuminoids. 

Proteids  are  organic,  colloidal  bodies,  composed  of  carbon,  hydrogen, 
ox^'gen,  nitrogen,  sulphur,  and  occasionally  phospliorus.  They  are 
absolutely  essential  to  life,  whether  animal  or  vegetable,  but  are  exclu- 
sively of  vegetable  origin ;  that  is,  although  they  may  be  assimilated 
and  modified  by  the  vital  processes  occurring  in  animal  cells,  they 
must  first  have  been  preformed  by  the  chemical  processes  occurring  in 
vegetable  cells.  When  found  as  constituents  of  the  tissues  of  car- 
nivorous animals  they  have  been  derived  directly,  with  but  sliglit 
modification,  from  the  herbivora  whic^h  have  served  for  their  food, 
while  the  herbivorous  animals  find  them  invariably  ready  formed  in 
the  tissues  of  vegetables  which  serve  as  their  food,  and  which  require 
but    slight   modification  to   be  converted  into  the  constituents  of  the 
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tfnimal  tissues.  Animals,  therefore^  do  not  liave  tlie  power  of  iiiatui- 
fucturing  iiibiiiinnoi<l9^  although  they  ni«y  transform  ftlbuiuiuous  bodies 
of  one  kiiitl  into  those  of  another,  Tlius,  cjisein  mny  be  trausfonned 
into  the  albuminous  constituents  of  nmscle-tisisne ;  it  may  be  combined 
with  other  substances  80  as  to  funn,  for  example,  tl»e  hiFUiogiobin  of 
the  blood-corpuscles,  or  may  become  so  modified  as  to  form  what  are 
termed  the  derived  albuminoids  of  the  ditl'erent  tissues. 

After  serving  the  purposes  of  the  organism  sucli  botlien  are  excreted, 
not  as  proteids,  but  im  products  resulting  from  tlieir  retrograde  meta- 
morphosis* All  albuminous  l»odiGa  are  so  intimately  associated  with 
inorganic  mutter  that  their  isolation  in  n  pure  s^tatu  is  a  mtilter  of  the 
greatest  dillicnlty,  or,  it  may  bc%  impossti!»iJity  ;  consequently  the  iuciner- 
ntioQ  of  albumiuous  Ijodies — a  'process  which  is  accompanied  with  the 
development  of  an  odor  like  burning  horn — always  feaves  an  ash  composed 
of  potassium  and  magnesium  phosphates  and  small  quantities  of  carbo- 
nates.  If  sniplmr  is  regarded  as  a  constant  and  normal  eonii>onent  of 
prot^ids  and  not  as  an  occasional  accidental  addition,  they  all  poBsess  a 
very  high  molecular  weight.  In  all  tbnnw  of  t»roteids  the  jK-rccntage  of 
chemical  elements  entering  into  their  composition  is  cmly  subject  to 
slight  vftriution  in  the  different  classes.  Thus,  according  to  lloppe-Seylcr, 
C.  may  vary  from  52.7  to  54.5  i*er  cent.;  H.,  6.9  to  7.3  }Mer  cent.;  N*, 
15.4  to  16.5  per  cent. ;  0.,  20.9  to  23.5  per  cent.;  S  ,  0.8  to  2.0  per  cent. 

Phynical  Frui)t'fiit's, — When  dr^',  allmniinous  bodies  form  perfectly 
amorphous,  yellowish,  brittle  masses  without  odor  or  taste,  and  closely 
resembling  gums  in  ap[>earance^  and,  like  gums,  hygroHCO[jic  to  a  Ingh 
degree:  they  rotate  the  plane  of  pohirixcd  light  to  the  left, and  in  watery 
Bolutions,  which  are  nearly  always  opalescent,  are  not,  as  a  rule,  capable 
of  osmosis, — a  fact,  wdiich  seems  to  show,  as  Briieke  hris  j)ointed  out, 
that  their  condition  in  the  form  of  thud  is  more  one  of  imrticuhite 
susfiension  than  of  true  solution,  When  shaken  with  fiuid  oils,  the  latter 
are  mechanically  separated  into  minute  particles,  each  of  which  is  sur- 
rounded by  a  layer  of  the  albuminous  solution  (emnlsion).  Some  are 
soluble  in  water,  others  not;  nearly  all  are  inscdnble  in  alcohol  and 
ether;  most  are  soluble  in  strong  alkalies  and  acids,  but  in  tlie  process 
of  solution  undergo  chemtcai  cliange.  Most  of  the  albuminous  bodies 
may  exist  in  two  modifications,  eithi^r  in  a  soluble  or  in  an  insoluble 
form.  They  exist  usually  in  the  solnbltj  form  in  aninial  and  vegetable 
cells,  but  become  insoluble  by  the  action  of  heat  and  various  clienncal 
i«agent8« 

When  watery  solutions  of  albuminous  bodies  are  evajwrated  in  a 
vacuum,  or  at  40^  to  50^  C,  a  yellowish,  brittle,  soluble  residue  is  left; 
iu  other  words,  albumen  may  he  recovered  unaltered  in  general  proi>- 
erties  in  the  dry  form  from  solurtions  when  subjected  to  evaporation  bj 
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gentle  beat.  When  heated  much  above  this  point  albuininoas  bodies 
then  pass  into  the  insohibie  form  (coagulateil  proteids). 

Chemical  Pro]jerties, — Proteids  are  precipitated  out  of  their  solu- 
tions b}'  the  following  reagents :  the  stronger  mineral  acids,  acetic  acid 
and  potassium  ferro-c^anide ;  acetic  acid  and  sodium  sulphate,  lead 
acetate,  mercuric  chloride,  tannic  acid,  i)owdered  potassium  carbonate 
added  in  bulk  to  saturation,  alcohol,  ether,  and  several  other  substances. 

Iodine  stains  most  proteids  yellow, — a  point  which  may  aid  in  their 
recognition  under  the  microscope. 

Their  presence  in  solution  may  be  recognized  by  the  following 
processes : — 

First,  by  coagulation.  When  solutions  of  albuminoids  are  gently 
heated,  provided  the  amount  of  albumen  contained  is  at  all  appreciable, 
a  firm  coagulum  results  when  the  solution  has  been  warmed  up  to  60^ 
or  70°  C.  The  temperature  at  which  coagulation  occurs  will  vary  in 
different  forms  of  albuminous  bodies,  and  according  to  the  reaction  and 
chemical  characteristics  of  the  solvent.  If  a  small  aoiount  of  a  dilute 
acid  is  added  to  a  solution  of  an  albuminous  body  coagulation  will  be 
found  to  occur  at  a  lower  temperature  than  if  the  solution  be  neutral ; 
while,  on  the  other  hand,  the  presence  of  a  small  amount  of  alkali  will 
prevent  coagulation  occurring  until  the  temperature  has  l)een  raised 
above  the  point  at  which  it  occurs  when  the  solution  is  neutral.  If  a 
large  amount  of  alkali  be  present  coagulation  by  heat  will  l>e  rendered 
imi)ossible.  Neutral  salts  in  small  amount  in  albuminous  solution  will 
also  lower  the  temperature  of  coagulation,  whether  the  solution  be 
faintl}'  acid,  faintly  alkaline,  or  neutral.  The  coagulation  of  albuminous 
bodies  by  heat  is  only  possible  when  they  are  in  solution,  and  therefore 
seems  to  show  that  the  change  from  the  soluble  to  the  insoluble  form 
produced  by  heat  is  not  so  much  dei)ende«t  upon  the  heat  as  ujK)n  the 
heat  combined  with  moisture;  for  if  the  albumen  be  separated  from 
solution  by  evaporation  below  the  point  of  coaguhition,  the  dried  albumen 
so  obtained  will  still  possess  the  power  of  solubility  in  water :  and  yet, 
if  placed  in  a  perfectly'  dry  tube  the  temperature  of  the  albumen  ma\'  be 
raised  far  above  the  point  of  coagulation  without  any  change  occurring 
in  the  albumen,  i.e.,  without  its  losing  its  power  of  subsequent  solubility 
in  water,  and  of  being  coagulated  when  that  solution  is  raised  to  the 
coagulating  i)oint. 

Second :  If  a  solution  which  is  supposed  to  contain  albumen  is 
acidulated  with  acetic  acid,  a  few  drops  of  potassium  ferrocyanide  then 
added,  and  the  fluid  boiled,  albuminous  bodies  will  be  precipitated. 

Third  :  If  the  fluid  is  acidulated  with  acetic  acid  and  a  small 
quantity  of  a  strong  solution  of  sodium  sulphate  then  added,  and  the 
fluid  then  boiled,  a  Arm,  white  coagulum  will  result. 
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The  first  and  third  of  these  tests  may  be  used  for  sefmrating  nlbii- 
minous  bodies  from  otlier  Biibstaiices  in  solution, — n  process  whieli  is 
olXeu  necessary  iu  the  exam  in  at  ion  of  organic  fluids.  So  also  if  the  fluid 
is  acidulated  with  acetic  acid,  and  then  added  to  a  large  bulk  of  strong 
alcohol,  albuminous  bodiea  may  thus  be  coagulated »  and  their  separation 
from  other  ingredients  of  the  sohition  rendered  posssible, 

A  precipitate  proilueed  by  boiling  alone  is  not  a  suflicietit  proof 
of  the  presence  of  albnnien,  since  certain  substances,  such  as  calcium 
]>hosphate  iu  human  urine  and  calcium  carbonate  In  tlie  urine  of  her- 
bivora,  will  be  thrown  down  l>y  boiling.  If  the  }jrt*cipitate  is  |>erin;inent 
on  the  addition  of  nitric  acid  after  boiling,  albumen  is  present,  ssince  the 
Jts  alK)ve  mentioned  will  be  redissolved  by  the  acid.  Alkali  may  also 
hinder  the  coafrulati^^n  of  al1>umen  by  lieat,  and  un  acid  reaction  is  there* 
fore  essential  for  the  em|>loyment  of  thin  test. 

Occasionally  allnimen  is  present  in  solution  in  amount  too  ematl  to 
be  detected  by  any  of  the  |*receding  tests.  The  detection  of  traces  of 
albumen  is  then  rendered  possiltli!  by  various  color  reactions. 

The  Biuret  lieaclion, — When  a  small  amount  of  caustic  potash 
evolution  is  added  to  a  dilute  solution  of  cui»rii5  ttulpimte  a  jnvci|iitnlc  of 
cupric  hydrate  will  Vie  thrown  down.  If  an  excess  of  i>otash  is  now 
ailded,  the  precipitate  will  be  redissolved  and  the  fluid  take  on  a  light- 
Idue  color*  If,  however,  albuminous  bodies  be  present  in  solution,  and 
this  procedure  Ik?  caTric<l  out,  on  aolntiou  of  the  precipitate  of  euiJrie 
hydrate  the  fluid  will  tjike  ou  a  violet  color  instead  of  h  blue.  This  test 
may  l>e  used  to  detect  the  |*resence  of  albuminous  bodies  in  extremely 
small  amount  iu  sohition.  It  may  be  also  used  for  the  recognition  of 
the  albuminous  nature  of  solids.  If  a  st*lid  body  whicli  is  supitosed  to 
contain  albuminous  bodies  be  touched  lirst  with  a  drop  of  cupric  sul- 
phate sohition,  tlicn  witli  a  drop  of  potash  solution,  amb  then  washed 
with  water,  tl»e  spot  so  treated  will  be  found  to  have  a  violt^t  colon 
This  test  is  also  used  for  the  recognitiuu  of  peptone.  A  solution  of 
peptone  so  treated  will  become  retl  instead  of  violet. 

^anthn-proteic  Reaction. — When  albuminous  I  todies  in  solution  are 
boiled  with  nitric  aciil^  the  sobition  and  coagubiui,  if  one  l*e  jireseiit^ 
take  on  a  yellow  color.  If  the  Bolutirju  l)e  then  allowed  to  cool  and 
stronfT  ammunia  adtled.  the  up[ver  layers  of  the  solution,  or  the  coagu- 
lum,  if  any  be  present,  will  Itecome  orange  colored. 

3fUl(m*ji  Be  act  ion, '^It  a  little  Mil  Ion's  reagent*  be  added  to  a  solu- 
tion which  contains  albumen,  if  the  albumen  In*  jjresent  iu  considerable 

•  Mfllon'«  reajrt»nt  is  prepared  by  dlsaolvln^  mpnniry  In  Its  own  wetirht  of  nitric 
Aeid  by  the  aid  of  gentU?  heat.  The  eolulioTi  b  then  p-f)nr»Ml  Into  a  ^la^a  veesel*  and  twice 
1U  volume  of  water  adiicd  ;  a  erj^RtnlHiie  preeipltak*  vviU  pepaiAte  In  a  i'evf  hours,  and  the 
yellowltth  fiiipernatatii  fltild,  w  Lleh  may  be  readily  dccauttd  off,  is  Millon's  reagent. 
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qnaiitity,  a  dense,  white  precipitate  will  be  formed,  and  when  subjected 
to  heat  the  precipitate  will  become  condensed  into  the  form  of  a  firm 
coagulum,  and  will  turn  red.  If  but  a  trace  of  albumen  is  present  the 
fluid  will  simply  take  on  a  pinkish  color. 

SchuUze^s  Test, — When  albuminoids  in  solution  are  treated  with  a 
cane-sugar  solution  in  small  quantities  and  concentrated  sulphuric  acid 
then  added  a  beautiful  red  color  is  formed. 

Adamkiewicz^s  Test. — If  a  solution  of  an  albuminous  bod}'  is  strongly 
acidulated  with  acetic  acid  and  sodium  chloride  added  in  bulk,  and  then 
strong  sulphuric  acid,  the  fluid  will  gradually  assume  a  violet-blue  color, 
slightly  phosphorescent,  and  gradually  turning  dark  purple. 

Frdhde''s  Test, — When  a  mixture  of  sulpho-molybdic  acid  is  added 
to  a  solution  of  albuminous  bodies  a  dark-blue  color  is  produced. 

Of  the  above  tests  the  xantho-proteic  and  Millon^s  reaction  may  be 
used  for  the  microscopical  detection  of  the  albuminoids. 

Albuminous  bodies  may  be  divided  into  the  following  classes : — 

I.  Albumens. — Albumens  are  bodies  which  are  soluble  in  water,  and 
when  in  solution  are  coagulateil  by  heat  (about  70°  C).  They  are  not 
precipitated  from  their  solutions  by  dilute  acids,  carbonates  of  the  alka- 
lies, sodium  chloride,  or  plati no-hydrocyanic  acid.  When  dried  at  about 
40°  C,  or  if  evaporated  at  a  lower  temperature  in  a  vacuum,  they  leave 
a  yellowish,  friable,  inodorous,  gummy  mass,  which  is  still  soluble  in 
water,  and  whose  solutions  possess  all  the  properties  of  the  original 
solution.  Albumens  are  precipitated  from  tiieir  solution  by  alcohol,  if 
alkaline  salts  are  present.  Albumens  may  exist  in  three  ditt'erent  forms, 
— serum-albumen,  egg-albumen,  and  vegetable  albumen. 

1.  Serum-Albumen, — Serum-albumen  is  found  in  blood,  serum, 
lymph,  serous  transudations,  and  animal  secretions. 

Serum-albumen  may  be  obtained  from  blood-fterum,  or  any  serous  transada- 
tion,  by  addinjr  dilute  acetic  acid,  drop  bv  drop,  until  aflocculent  precipitate  forms. 
This  precipitate  is  then  filtered  off,  and  the  filtrate,  after  neutralization  with  a 
little  sodium  carbonate,  is  evaiwrated  in  a  shallow  dish  to  a  small  volume,  not 
allowing  the  temperature  to  rise  above  40P  C.  The  salts  mav  then  be  removed  by 
dialysis,  chnnj^ing  the  water  frequently  outside  of  the  dialyzer,  and  again  evapo- 
rating at  40^  C.  to  dryness. 

So  obtained,  serum-albumen  always  contains  a  slight  percentage  of 
salts,  but  is  soluble  in  water,  forming  a  clear  solution,  which  is  somewhat 
tenacious  when  concentrated. 

In  the  dry  condition  it  is  a  yellowish,  brittle,  transparent  body 
capable  of  being  redissolved  in  water,  and  its  solutions  are  then  coagu- 
lable  by  heat.  Its  solutions  are  opalescent,  and  possess  a  specific  l»vo- 
rotation  for  yellow  light  of  — 50°.  It  is  precijntated  out  of  its  solutions 
by  alcohol,  the  precipitate  being  partially  redissolved  when  the  alcohol 
is  immediately  poured  olf,  but  is  not  coagulated  by  ether.     Most  of  the 
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salts  of  the  lienvj  metals  precipitate  serum -album  en,  «9  do  the  mineral 
aeicls  in  large  quantities,  especiiiUj  nitric  acid.  Its  point  of  firm  cojigii- 
lation  is  from  72^  to  73'^  C,  ftltltou^nh  turlndit}*  Sfts  in  at  Kbout  60°  C\ 
The  presence  of  acetic  or  pliospboric  acids,  sodinni  cliUiride,  or  other 
neutrjil  salts,  lowers  the  coagn!ation-point  of  serum-albmnen,  while  the 
presence  uf  sodium  carbonate  necessitates  a  higher  tetnjierjiture.  It  \s 
precipitated  by  the  strong  inlnend  acids  irom  its  solntioii  in  ^liiute  acids, 
and  the  precipitate  is  readily  soluble  in  concentrated  adds;  egg-albumen 
ia  uut. 

2.  Egg-Albumen, — In  many  points  egg-albumen,  which  is  contained 
in  the  meshes  of  the  fibrous  net-work  of  binls*  eggs,  clo«;ely  resembles 
serum-albumen.  The  points  of  contrast  are  thsit  its  specific  rotation  is  only 
— 35.6^,  and  when  agitated  with  ether  it  is  gradually  precipitated.  When 
injected  into  a  vein  or  tlie  connective  tisfiue,  or  when  intrmluccd  in  large 
qnantities  into  the  stomach  or  rectum  of  an  animal,  egg-albumen  is  fViiind 
unaltered  in  the  uriue^  while  the  injection  of  serum-albumen  produces  no 
euch  albuminuria. 

A  solution  of  com pnrntively -pure  egj^-albumea  niRy  he  obtained  for  testing 
by  hreitking  die  whites  of  Severn!  lienH*  eggs  into  li  heaker,  cutthrj;^  up  llie  menr- 
hranes  with  scijasora  &o  us  to  free  the  idbniuon  from  tlieir  UM-^sUes,  slirrinir  well 
wiUi  an  fqunl  Vf»limie  of  water,  nnd  filtering  ihrmigh  nuislm.  Tht?  &aha  aiiiy  iliea 
be  reniovct]  by  diulyBis, 

Dry  egg-albnmen  may  be  obtained  liy  evaporating  the  al»ove  soltition 
to  dryness  at  40^  C.  So  prepared,  its  physical  pro[K'i1ii*s  agrt.*e  closely 
with  those  of  serutn-albumeu.  Its  solutions  have  several  proi)erties  whieh 
enable  it  to  be  distinguished  from  serunnxlljumen.  Hydrochloric  acid 
in  small  amoimt  prmluces  no  precipitate;  in  larger  amount  it  causes  a 
firm  coasT'ilnm,  which  is  only  with  dilfleulty  soluble  in  excess  of  acid  and 
In  water  and  neutral  salt  solutions. 

S.  Vegetable  Albumens, — Albuminous  t>odies  are  found  dissolved  in 
plant^juices  nnd  in  the  form  of  a  solid  in  various  seeds,  nnd  fr*rm  the 
most  important  albnminoids  for  the  nutritioti  of  the  Iierbivorous  (loniestic 
animals.  Their  general  properties  agree  with  those  of  ^^g-  and  serum- 
albumen,  though  they  present  certain  variations  nmong  tliemselves  in 
composition  and  chemical  properties.  Thus,  the  congulable  substances 
which  may  be  extracted  from  peas  and  horse-beans  dissolve  readily  in 
lime-water  and  acetic  acid,  w^hile  the  other  vegetable  all  an  mens  do  not. 

The  vegetable  albumens  are,  as  a  rule,  poorer  in  carbon  but  richer  in 
nitrogen  than  albumen  of  aniina!  origin, — a  fact  jiossibly  accounting  for 
their  lesser  nutritive  value  and  readiness  of  assimilation,  Tliey  usually 
have  phosphorus  associated  with  them.  Tegetalile  albumen  is  soluble  in 
coUl  water,  and  its  solutions  are  coagtilable  by  heat ;  with  dilute  arids 
and  alkalies  it  is  converted  into  an  jdlunnnifitiv     Tn  'h*  v. ,  k  of  certain 
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plants  there  is  contained  a  variety  of  albumen  which,  when  extracted 
with  warm  salt  solution  and  then  allowed  to  cool,  forms  octahedral 
crystals. 

Various  forms  of  vegetable  albuminous  bodies  have  been  described : — 

Vegetable  Caseins. — The  seeds  of  the  leguminous  plants  and  oleagi- 
nous grains  differ  from  the  cereals,  properly  so  called,  in  that  they  do 
not  contain  gluten,  soluble  in  alcohol,  but,  in  addition  to  the  albuminoids 
coagulable  by  heat,  various  other  albuminous  bodies  which  are  insoluble 
in  pure  water  but  soluble  in  alkaline  solutions,  from  which  they  may  be 
precipitated  by  acetic  acid,  the  precipitate  being  soluble  in  excess. 
According  to  Dumas  and  Cavours,tliis  substance  may  even  be  coagulated 
by  rennet,  and  is  therefore  closely  analogous  to  the  casein  of  milk,  to  be 
subsequently  considered.  Three  different  forms  of  vegetable  casein-like 
bodies  have  been  described.  Legumin^  which  forms  the  greater  part  of 
the  proteid  constituents  of  the  leguminous  plants;  almonds  and  the 
lupins  contain  a  substance  analogous  to  vegetable  casein  to  which  the 
name  of  amandin^  or  congliUin,  has  been  given ;  while  the  part  of  gluten 
which  is  insoluble  in  alcohol  is  of  similar  nature,  and  has  been  termed 
gluten-casein. 

Legumin. — The  watery  extract  of  the  seeds  of  the  leguminous  plants 
often  has  an  acid  reaction,  without  doubt  due  to  the  presence  of  phos- 
phoric  acid,  which  appears  to  be  a  necessary  component  of  vegetable 
casein.  Legumin  mjiy  be  obtained  by  the  agitation  of  powdered  legu- 
minous seeds  with  seven  or  eight  times  their  weight  of  a  one-tenth  of 
one  per  cent,  solution  of  potassium  hydrate.  After  al)out  six  hours  the 
fluid  is  decanted  and  allowed  to  stand  from  twelve  to  twenty-four  hours 
at  a  low  temperature,  and  the  residue  which  then  forms  is  again  washed 
with  water.  The  washings  are  then  collected  and  precipitated  with  dilute 
acetic  acid,  and  the  precipitate,  washed  again  with  dilute  alcohol,  is 
finally  precipitated  by  concentrated  alcohol  and  ether. 

Freshly  precipitated  legumin  is  only  very  slightly  soluble  in  cold 
water.  Legumin  may,  however,  be  extracted  from  the  powdered  seeds 
of  the  leguminous  plants  by  cold  water,  its  solubility  in  water  being  then 
due  to  the  phosphoric  acid  of  the  seeds.  It  is  readily  soluble  in  alkaline 
solutions,  from  which  it  is  precipitated  by  acids  and  solutions  of  metallic 
salts.  It  is  soluble  in  dilute  hydrochloric  and  acetic  acids.  When  l)oiled 
with  water  it  becomes  coagulated  and  insoluble  in  alkaline  solutions  and 
in  acids.  By  prolonged  ebullition  with  sulphuric  acid  it  undergoes 
decomposition,  with  the  formation  of  leucin  and  ty rosin  and  small  quan- 
tities of  aspartic  acid.     Legumin  is  also  present  in  oats. 

Amandin^  or  conglutin,  is  contained  in  sweet  and  bitter  almonds, 
and  is  separated  from  them  in  the  same  manner  as  legumin.  It  is  dis- 
tinguished from  legumin  by  a  greater  solubility  in  dilute  acids,  though 
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ita  general  |>rop€rties  eoincitle  with  those  of  Icgrumiii.    It  is  ilistin pro i shed 
Voni  it,  however,  by  being  more  subilile  than  legymin  in  dilnte  iicj<ls.    A 
'bnb^tauce  anabigous  to  vitelliii   has  abo  been  found   in   the  seeds  of 
various  plants.     It  is  also  termed  ery stall ized  vegetaljle  casein. 

Gititen^  or  vefjHable  fibrin^  exists  in  a  Inrsie  number  of  grains,  par* 
ticuhirly  tliose  of  the  cereals,  and  plays  sm  important  part  in  tlie  nutritive 
value  of  vegetable  foods.     It  also  exists  in  the  growing  parts  of  plants, 
d  in  various  vegetable  juices.     It  is  a  coni|jound  albnuiiiious   biHly, 
hich  ditfers  from  all  others  in  that  it  is  stilulile  in  water  and  in  aleohol 
when  traces  of  free  acid  or  alkali  are  [) resent.     It  is  only  partly  and 
imi>erfectly   solubJe   in    ptire    wsiter.     It   may    be   readily   obtained   by 
watching  flour  under  ji  stream  of  water,  by  which  tlie  starch  is  removed, 
aial   the  gluten  then  remains  iu   Uie  form  of  an   elastie,  grayish  mass. 
Gluten    is  only  partly  soluble    iu    alcohol     According   to   KUtlmuseu, 
gluten    contains   at   least    four  albuminous   subslanees   in   addition   to 
^^regetable  albumen,  whicli  luvs  been  already  descrilH'd;  a  body  insoluble 
^Kn  alcohol,  which  is  gkiteu-easeiu»  or  the  Vegetiible  librin  of  Liebig,  and 
three  nitrogenous  substances  soluble  in  alcohol,  to  which  the  name  of 
gluten  fibrin,  gliadin,  aud  mucedin  have  been  given. 
I  1.    Ghiteii-Camin.^'VQ  prepare  tiiis  InKly,  fresh  gluten  is  washed  first 

with  alcohol, and  the  insoluble  residue  is  then  agitated  with  two4enths  of 
one  per  cent,  potash  solution,  which  dissolves  out  the  gluten  and  leaves  an 
insoluble  residue  of  starch  aud  iaity  matters.  From  the  fluid  gluten- 
casein  is  preci[)itated  in  flocculi  by  the  addition  of  acetic  aci<l  sulllcient 
to  give  a  faint  acid  reaction.  It  is  then  washed  witli  water  i\ud  alcohol, 
and  after  desiccation  the  gluten-caseiu  so  prejiared  is  iusobible  iu  hot 
and  cold  water.  Boiling  water,  however,  causes  it  to  un<lergo  some 
modillcation,  which  renders  it  iuKuluble  in  alkalies  nnd  acids.  In  the 
fresh  state  it  is  soluble  in  acetic  acifl.aud  in  alcohol  acidulated  with 
acetic  acid.  All  weak  alkaline  solutions  dissolve  fresh  gluten-casein, 
and  cause  it  when  <lry  to  first  swell  up  and  theu  dissolve.  It  is  precipi- 
tated out  of  these  solutions  by  acids  find  the  mineral  salts,  forming 
combinations  with  the  latter.  Its  proju-rties  are  very  similar  to  those  <if 
leguuiin  and  conglutin.  It  coutains  more  sulphur  and  less  nitrogen 
than  legumin. 

2.  Gluten- Fibrin, — This  body  is  obtained  l>y  distilling  the  nlcoliolic 
solution  of  gluten  until  the  fluid  does  not  contain  more  than  40  percent. 
of  alcohol ;  a  mucilaginoua  mass  rich  in  gluten-fibrin  is  then  deposited^ 
and  may  be  purified  by  washing  with  absolute  alcohol  and  precipitatiug 
with  ether.  It  then  forms  a  coherent*  tenacious  mass,  insoluble  in  water. 
Its  se]mratton  from  the  gliadin  and  mucedin  of  gluten  depends  upon  the 
fact  that  all  are  soluble  in  dilute  alcohul,  Jind  that  ghUen-fibrin  is  almost 
insoluble  in  water  and  very  weak  aleohoL    As  the  alcohol  is  distilled  otf 
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the  gluten-fibrin  se|>nnites.  It  dissolves  in  warm,  dilate  alcohol,  and 
forms  a  brownish-yellow  solution.  When  such  solutions  cool,  and  as 
they  undergo  evaporation,  a  white  or  grayish  pellicle  forms  on  the  surface, 
which  disappears  on  agitation.  It  is  more  soluble  in  absolute  alcohol 
than  either  gliadin  or  muccdin.  Gluten-fibrin  is  readil}^  dissolved  in 
dilute  acid  and  alkaline  solutions,  and  is  precipitated  from  these  solutions 
by  neutralization,  or  by  the  addition  of  metallic  salts. 

3.  Gliadin^  or  Vegetable  Gelatin. — This  Ijody  is  one  of  the  principles 
of  gluten  which  is  soluble  in  dilute  alcohol.  It  is  obtained  by  agitating 
gluten  with  strong  alcohol,  which  removes  gluten-fibrin,  dissolving  the 
residue  in  1  per  cent,  potash  solution,  and,  after  having  precipitated  the 
solution  with  acetic  acid,  by  extmcting  the  precipitate  with  alcohol  of 
75  i)er  cent,  at  a  temperature  of  38^  Cr  By  this  means  onl^'  gliadin  is 
dissolved,  while  the  niucedin  remains.  Vegetable  gelatin  then  separates, 
as  the  fluid  cools,  in  the  form  of  a  gelatinous  mass.  It  may  be  purified 
by  dissolving  in  acetic  aci<l  and  neutralizing  the  clear  solution  with 
potash ;  the  precipitate  is  then  again  washed  with  alcohol  and  ether.  In 
the  fresh  state  vegetable  gelatin  has  the  consistence  of  a  thick  mucilage. 
Absolute  alcohol  causes  it  to  contract  to  a  hard  and  yellowish-white 
mass.  Cold  water  causes  it  to  again  swell  up  and  dissolves  part  of  it, 
and  the  solution  may  be  precipitated  by  tannic  acid.  Submitted  to  long 
boiling  with  water,  gliadin  becomes  insoluble  and  undergoes  partial 
decomposition.  Dilute  alcohol  dissolves  it  more  reatlily  than  pure  water. 
It  is  insoluble  in  absolute  alcohol.  It  te  very  soluble  in  acids  and  dilute 
alkalies,  and  wjiile  in  solution  in  alkalies  may  be  precipitated  by  the 
metallic  salts,  but  its  solution  in  acetic  acid  is  not  precipitated  by 
mercuric  chloritlc.     It  conUiins  a  considerable  percentage  of  sulphur. 

4.  Mfd't'din. — This  substance  has  been  but  little  studied,  and  is  only 
to  be  distinmiisjied  from  veiretable  gelatin  by  its  greater  solubility  in 
water.  Its  method  of  isolation  has  been  already  indicated  in  the  pre- 
ceding parMu:ra|)iis. 

These  substances  approach  one  another  very  closely  in  chemical 
composition,  i\\u\  it  would  api>ear  from  the  processes  employed  in  their 
isolation  that  it  is  by  no  means  certain  that  they  have  been  obtained 
pure.  On  the  other  hand,  their  analogy  to  corresponding  bodies  of 
animal  oriixin  is  not  sutliciently  striking  to  justify  an  analogous  nomen- 
clature. 

For  the  i^vcoding  account  of  their  proi>crties  we  are  indebted 
mainly  to  Wiirtz  (Chinne  Biulogiq^fe), 

II.  GL«»m  i.iNs. — (tlobulins  are  l>odie8  which  are  insoluble  in  ^ 
but  soluble  in  diinte  solutions  of  sodium  chloride.     They  are  ( 
bv  heat  when  in  solution,  and,  while  soluble  in  dilate  aeids  •■ 
are  in  the  prv*cess  of  solution  changeil  into  derived  albomaM*  . 
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precipitated  by  alcohol  and  by  carbonic  acid,  and  by  tlje  addition  of  a 
large  quantity  of  water  to  their  Bolutions ;  sodium  ehloride  added  m 
bulk  to  their  solutions,  aa  a  rule,  prec'i[>itates  them. 

Five  ditferent  kinds  of  glolmbns  have  been  recognized. 

1.  VileUin.—WteWhi  is  found  in  the  yelk  of  eggs  and  in  the  crys- 
talline lens.  It  may  t)e  |irt*pared  hy  sluiking  the  yelks  of  e^gn  witU 
Beimmte  jjortions  of  ether  until  all  the  yelhjw  color  is  removed,  dissolv- 
ing the  reMidtie  in  dikite  siodium  eldoride  sobition,  filtering  and  |jrectpi- 
tating  the  tiltnite  with  exeess  of  water,  80  obtuinc^<i,  it  always  contains 
lecitlim.  It  is  not  precipitateil  by  the  addition  of  sodium  chloride  in 
substance  to  its  solutions.  Jt  is  soluble  in  dilntc  acids,  find  is  readily 
converted  into  syntonin,  aud  by  neutralization  and  re'St>bition  with 
nlkfiiies  into  alkali  albuminate.  Its  point  of  coagulation  ranges  from 
70-  to  80°  C,     It  is  also  coagnlable  by  alcohol, 

2.  Mf/o»in. — Myosin  is  formed  in  the  rigor  mortie  of  mnscles,  and 
prolmbl^^  also  in  the  gradual  death  of  all  forms  of  jirotoplasm.  It  is 
precipitated  from  its  solntions  in  dikite  sodium  chloride  by  the  addition 
of  common  salt  in  excess.  It  is  also  precijiitated  from  its  sol tU ions  by 
excessive  dilution  with  water.  Its  general  proi>crtie8  will  be  more  closely 
considered  under  the  chemistry  of  muscles, 

3.  J*(irafjhibiiluu — This  substance  will  he  described  under  the  con- 
sideration of  the  coagulation  of  the  blood.  Hammarstcn  states  that  a 
very  ninch  larger  qmmtit}'  of  tins  bo^ly  is  found  in  tlie  blood  of  domestic 
animals  than  has  lK*en  Jieretufure  supposed.  According  to  him,  more 
than  half  of  all  the  albimiinoids  in  the  blood  consists  of  paraglobulin. 

4.  Fibrino(]*'ir. — This  is  also  a  globulin  found  in  the  blood,  and  its 
consideration  will  likewise,  for  the  present,  be  deferred. 

5.  Gffthidiit.tfT  Crfjstaihn,  IS  cmitaiucd  in  the  crystalline  lens,  and 
it  resembles  viteilin  in  that  it  is  not  precipitated  from  its  solutions  by 
iatnration  with  sodium  chloride,  but  it  is  readily  precipitated  by  alcohol. 

Representatives  of  the  group  of  globulins  are  also  found  in  the  vege- 
table kingdom.  According  to  Dr.  Sidney  Martin,  vegetable  globulins 
may  be  divided  into  two  classes,  namely,  vegetable  myosins  and  vege- 
table parnglobnlius.  The  myosins,  obtained  from  the  (lour  of  wheat, 
rye,  and  barley,  have  similar  prnperties  ;  they  are  all  reailily  st)luble  in 
10  to  15  per  cent,  sodium  chloride  solution,  and  are  preci  pi  table  from  thm 
solution  by  saturation  with  sodium  chloride  or  magnesium  sulphate. 
They  are  sobibk^  in  10  per  cent,  magnesium  sidphate  solution,  and  are 
coagulated  in  this  holutiou  at  a  temperature  of  55^  to  ^jO°,  If  the  salt  is 
dlalyzed  away  from  the  saline  solution  of  myosins,  the  latter  is  precipi- 
tated ;  but  the  precipitate  is  no  longer  a  globulin,  since  it  is  insoluble  in 
saline  solutions.    It  is  soUibie  in  dilate  arid  s  (0:2  per  ecTit.) : 

it  is  precipitable   from  these  eoln*inii.  '•«  1    the  profijHlate 
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being  soluble  in  excess  of  alkfili  or  acid ;  that  is^  the  myosin  bas  been 
converted  into  a  proteid  having  tiie  proj*erties  of  an  albuminate.  IfH 
tlie  saline  solution  of  m3'Osin  be  placed  in  an  inculiator  at  a  temperature  ™^ 
of  35^  to  40"^,  in  twelve  to  eighteen  hours  a  fine  floeeulont  preci|>iLjae 
falls,  while  the  globulin  disapi>ears  from  t!ie  solution;  tins  takes  place 
more  rapidly  if  the  saline  solution  is  diluted.  The  precipitate  exhibits 
the  same  projwrties  as  the  preeijiitate  of  the  globulin  by  dialysis ;  that 
is,  at  a  teini>erature  of  35^  to  40'^  the  trlobulin  is  trnnsrornicd  into  an  alhu- 
minate.  The  rendy  transformation  uf  the  soluble  glolndin  of  wbuatea 
(lour  into  au  insoluble  albuminate  is  one  of  the  phenomena  which  take 
place  durintf  the  formation  of  gluten. 

The  second  class  of  vegetable  glolndins,  the  pamglobnlins,  is  iu  dis- 
tinct  contrast  with  that  of  the  myosius.  Two  proteida  of  this  class 
have  bei^n  found,  one  in  pai«iw-juice»  the  other  in  the  seeds  of  Abnts 
precaloi'iKH  (jequirity).  Both  tlicse  globuyns  exhibit  the  following  ^ 
properties ;  they  are  soluble  in  saline  sohitions,  and  are  precipitated  hj  jl 
saturation  with  sodium  chloride  and  niiignesium  suljihate.  In  a  10  per 
cent,  solution  of  magnesium  suljjlmte,  thry  coagulate  between  70^  and 
15^  C.  When  precipitated  from  their  saline  solutions  hy  dialysis,  they  are 
still  soluble  in  solutions  of  sodium  chloride  and  magnesium  Kuli>hate  of 
10  to  15  pur  cent.,  not  l>eing  transformed  into  albuminates.  Nor  are 
they  preei[jilated  by  long  exposure  {over  three  days)  to  a  temiH-mtnre 
of  35'^  to  40°. 

III,  FinaiNS, — Fibrins  are  solid  albuminous  bodies  insoluble  in 
water  and  sodium  chhuide,  and  which  swell  up  to  a  stiff  jelly  in  dilute 
acids.  When  so  treated  fibrin  is  coagnlable  by  heat.  The  fibrin  of  the 
blood  is  produced  in  the  process  of  coagulation  of  the  blood  ;  its  prop 
erties  will  be  studied  with  the  subject  of  bhjod  coagulation,  ^M 

IV.  Hehived  Albuminates— Derived  albuminatea  are  bodies  whtch'" 
are  insoluble  in  water  or  sodium  chloride  solutions,  but  are  readily  soiulile 

iu  dilute  acids  or  alkalies.  Their  solutions  are  not  changed  by  hent 
When  neutralized  they  are  precipitated  from  their  solutions,  the  pre- 
cipitate being  soluble  in  excess.  Derived  albuminates  may  exist  in  two 
different  forms, — acid  albumens  and  alkali  albumens. 

1.  Acid  Albumen. — When  a  Uf^tive  alltumen  in  solution  is  subjected 
to  the  action  of  a  dilute  acid,  such  as  hydroeldoric  acid,  at  a  toleralily 
warm  temperature  its  solutions  readily  lose  their  power  of  coagulating 
when  boiled.  If,  however,  the  acid  is  exactly  netitralized  by  the  addition 
of  any  alkali  the  al1>umen  is  at  once  precipitated,  and  the  precipitate  i^ 
again  redissolved  by  an  excess  of  alkali.  The  native  allnimen  is  thns 
converted  into  a  form  of  albuminous  body  which  has  become  insoluble  in 
vwater  and  uncoagulable  by  heat. 

When   acid   albumen   is   precipitated   out   of   its  solution   by  thej 
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ailditioii  of  an  alkali  and  then  ^uljjeeterl  to  beat,  the  mcIlI  albumen  so 
suspended  in  water  liecoiiies  coagulated,  and  is  then  indistin^uiKlmblt* 
from  any  otlier  coagulated  proteid.  After  prt'cipitation  by  iientnili- 
zation.  if  the  precipitate  be  then  dissolved  in  lime-water,  its  Bulnlion  in 
lime-water  will  be  eoagulable  on  boilijig*  Acid  albumen  is  ju'ucipitj^ted 
out  of  its  solution  by  the  neutral  salts^  such  as  sodium  chloride,  and  by 
llic  acid  and  metiillic  salts. 

The  conversion  of  albumen  into  acid  nU^umen  from  the  action  of  a 
tlihite  acid  is  a  gnidual  process.  If  a  siolution  of  egg-albumen  be  ut  itiu- 
lated  with  dilute  hydrochloric  acid,  and  subjected  to  a  temperature  of 
aliout  40"-*  C,  it  w^ill  be  found,  if  testeil  from  time  to  time,  that  a  eoai^nlum 
Still  occurs  on  boiling.  The  amount  of  proteid  so  coagulated  by  heat 
will  steadily  decrease,  and  the  amount  of  precipitnte  obtained  by  neutral- 
ixation  will  increase  correspondingly.  After  only  ten  or  lifteen  minutes  it 
will  be  found  tluit  if  the  solution  of  acid  albumen  is  exnetly  nt^utndized 
all  the  albumen  will  liave  l>cen  converted  into  acid  albumen,  and  if 
the  precipitate  is  then  filtered  ott*  and  the  liltnxte  tested  with  the  various 
proteid  tests  it  will  be  fouml  tliat  all  Ibe  iiroteid  has  fipparently  <lisai*- 
peared;  or,  in  other  words,  has  been  converted  into  acid  albumen, 

A  certain  degree  of  temperature  is  necessary  for  ttds  conversion* 
If  a  mixture  of  albumen  solution  and  dilute  acid  be  surrounded  by  ice, 
the  process  of  conversion  into  acid  albumen  will  be  extremely  slow.  If 
warmed  up  to  about  40^'  C,  or,  in  fact,  any  distance  below^  the  temjiera- 
ture  of  coaguhition  of  the  albumen,  the  process  of  conversion  will  be 
very  much  more  rapid. 

If  Gnely-choppe<l  muscle  is  washed  in  water  so  as  to  remove  all  the 
dolnble  albuminous  bodies  and  blood,  and  the  remainder  be  covered  witli 
a  large  quantity  of  dilute  hydroebbirie  acid  (0,2  per  cent.),  an<l  kept  for 
alK>ut  tw^enty-four  hours  at  a  temix*rature  of  40"^  C,  it  will  be  found  tliat 
the  greater  l>art  of  the  muscle  will  be  dissolved  ;  if  the  supernatant  fluid  be 
filtered  off  and  neutralized,  fin  abundant  precijiitate  of  acid  albumen  will 
be  thrown  down  in  floeculi,  which  will  gnuluallv  settle.  The  :uid 
albumen  in  this  case  is  derived  from  the  myosin  of  the  muscle,  and 
indicates  that  the  globulins  as  well  as  the  albumens  are  cnpable  of  being 
converted  into  derived  acid  albumen.  Acid  albumen  so  obtained  from 
muscle  is  frequently  spoken  of  as  syntonin,  but  is  a[iparenlly  identical 
In  [t»  general  behavior  under  the  different  tests  to  the  acid  allmnien 
derived  from  either  egg-  or  serum-albumen.  So  also  in  the  preliminary 
stages  of  gastric  digestion  of  proteid  s  a  ji  rod  net  is  first  farmed  which 
«pl>ears  to  be  identical  in  chanicter  with  acid  albumen^  or  syntouin,  and 
is  termed  parapeptone.  It  also  is  precipitated  from  its  solutions  by 
neutralization,  and  is  apparently  formed  solely  through  the  action  of  the 
acid  of  the  gastric  juice  on  proteids. 
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Any  of  the  coagulated  proteids  ma}'  be  converted  into  acid  albumen 
through  solution  in  the  mineral  acids.  If  a  solution  of  albumen  is 
gently  heated  to  boiling  with  dilute  hydrochloric  acid,  no  coagulum  will 
be  formed,  from  the  fact  that  in  the  gradual  elevation  of  temperature  the 
albumen  in  solution  has  had  time  to  be  converted  quickly  into  acid 
albumen  through  the  action  of  the  acid.  If,  now,  a  small  quantity  of  a 
concentrated  mineral  acid,  especially  hydrochloric,  be  added, an  abundant 
precipitate  will  form,  and  this  precipitate  is  soluble  in  an  excess  of 
mineral  acid,  especially  if  subjected  to  heat. 

It  is  thus  shown  that  acid  albumen  is  soluble  in  concentrated  mineral 
acids.  It  is  insoluble  in  them  when  they  are  moderately  concentrated, 
and  it  is  soluble  again  when  they  are  very  dilute.  Egg-albumen,  in 
certain  respects,  ditfers  from  serum-albumen  in  its  behavior  to  dilute 
acids.  If  dry  serum-albumen  is  dissolved  in  a  concentrated  mineral 
acid,  it  is  readily  converted  in  its  process  of  solution  into  acid  albumen. 
If  this  solution  of  serum-albumen  in  concentrated  acid  is  then  diluted 
with  twice  its  volume  of  water,  acid  albumen  will  be  precipitated,  and  if 
the  precii>itate  is  filtered  off  it  may  readil}'  be  dissolved  in  water,  from 
the  fact  that  it  still  holds  clinging  to  it  enough  acid  to  make  a  dilute 
acid  solution.  Therefore,  it  is  not  a  solution  of  acid  albumen  in  water, 
but  in  dilute  acid.  Egg-albumen  is  less  soluble  in  concentrated  nitric 
acid  or  hydrochloric  acid,  and  when  precipitated  from  such  a  solution  it 
is  less  readily  dissolved  in  water. 

Fibrin  also  is  soluble  in  concentrated  mineral  acids,  and  is  rapidly 
convcMted  into  syntonin;  therefore,  it  nia>'  be  said  that  all  proteids  are 
cai)ablo  of  being  converted  into  derived  albumens. 

Syntonin,  dissolved  in  dilute  hydrochloric  acid,  rotates  the  plane  of 
3'ellow  liirht  — 72*^  to  the  left,  and  this  degree  of  rotation  is  independent  of 
the  concentration  of  the  solution,  but  may  be  increased  to  — 84.8°  if  the 
solution  is  heated.  Syntonin  contains  sulphur,  as  may  be  readily  shown 
b^'  dissolving  some  syntonin  in  liquor  potassa?,  and  adding  a  solution  of 
lead  ac etnte  and  boiling ;  the  fluid  will  then  become  brown  from  the 
formation  of  lead  sulphide.  AVhen  precipitated  from  its  solutions  by 
neutralization  acid  albumen  forms  a  white,  gelatinous  substance  insoluble 
in  wntor  and  sodium  chloride  solutions,  but  soluble  in  lime-water  (in 
which  solution,  as  already  stated,  it  undergoes  partial  coagulation  when 
boiled),  and  in  dilute  acids  and  alkaline  solutions.  If,  to  the  solution  in 
>  limo-watt*r,  after  having  undergone  partial  coagulation  through  boiling, 
magnesium  sulphate  be  added, a  still  further  precipitation  will  be  caused. 
Cold  solutions  of  acid  albumen  are  not  precipitated  by  magnesium  sul- 
])hato,  oven  if  the  acid  albumen  be  dissolved  in  an  alkaline  solution.  If, 
however,  the  solution  of  acid  albumen  and  alkali  be  warmed,  it  is  then 
precipitated  by  the  addition  of  magnesium  sulphate  or  calcium  chloride. 
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mdieating  that,  in  nil  probability^  the  boiling  has  served  tu  coiivi-rt  I  lie 
acid  jillmmen  into  an  alkftli  albumen.  At?id  iilbumeu  shows  nil  the 
reaetiuiis  of  p  rote  id  si  already  duseribe<L  It  may  l>e  seimnited  Jroiu 
Utjuids  in  whioh  it  is  disiiohxMl  by  boilinj^  witb  by d rated  oxide  of  lend- 

2.  Alkali  Albttmen.^li'  any  native  albiiuiiL'n  in  s^obuiini  is  HnbJLMted 
to  the  fletioii  of  a  dilnle  alkali,  Kueh  as  sodinni  or  putassiuni  Ijydratu,  it 
will  undergo  chatijies  somewliat  simitar  to  thus*?  produced  by  the  nctiou 
of  an  acid.  Alkali  ulbnmeus,  or  alkali  albuminates,  mny.  llieri'lure,  be 
deserilieil  as  alhuminons  bodies  whieli  are  insoluble  in  water  or  sodium 
chloride,  but  readily  soluble  in  dilute  acids  or  alkalies.  Tbfir  solutions 
are  not  cLangetl  by  beat.  When  neutralized  they  are  preeipilaled  from 
tlieir  solutions,  the  preei[atate  bein^  rtolnble  in  excess  of  aei^b  unlesn 
alkaline  phosphates  are  present ;  an  excess  of  acid  is  then  required  to 
produce  preeipitation.  In  this  conversion  beat  facilitates  tbc  process, 
and,  as  in  tiie  ease  of  lonnation  of  aeid  albumen,  t be  conversion  is  a 
gradual  one.  When  alkali  albumen  is  precipitated  from  its  solution  in 
alkalies  by  neutralization  with  an  acid,  if  an  excess  of  acid  be  added  it 
is  again  rapidly  dissolved,  through  its  conversion  into  acid  albumen  or 
syntonin.  Tbis  eonversion  of  alkali  albumen  into  acid  albumen  is  more 
rcadil}"  accomtilishcd  wben  the  alkali  albunicn  has  been  fresbly  precipi- 
tated. If  some  time  luis  l>een  allowed  to  elapse  after  tbc  precipitation 
by  neutmlizjttion,  it  will  still  l^e  converted  into  syiitonin  l»y  tbc  .'jction 
of  an  acid,  but  not  so  readily  as  wben  freshly  preeipitated,  unless  sub- 
iected  to  heat  (aljout  60^  C).  If  alkaline  phosphates  are  present  in  tbe 
tution  the  alkali  albumen  is  not  iirecipitatefl  on  neutralization,  but 
enough  acid  must  \k'  added  to  convert  tbe  basic  phosphate  into 
acid  phosphate,  and,  wln^n  tins  is  accomplished,  tbe  slightest  addition 
of  an  acid  J  even  of  COj,  will  then  be  suineicnt  to  precipitate  alkali 
albumen. 

Alkali  albuminate  may  exist  either  in  the  form  of  solution  or  as  a 
solid.  If  undiluted  white  of  egg  is  stirred  u))  witb  a  concentrated  sulu' 
lion  of  caustic  potash,  or  with  yinlissolved  caustic  potassium  hydrate, 
it  will  gradually  Lie  converted  into  a  stitf  jelly.  If  tins  jelly  is  washed 
with  water  so  as  to  remove  tlie  excess  of  alkali,  it  may  be  dissolved 
in  warm  water,  and  will  then  lielmve  like  alkaii  albumen  obtained  liy  tbe 
action  of  alkalies  on  allanninous  solutions.  If,  before  sfdntion  in  water, 
the  solid  alkali  albuminate  has  been  washed  until  most  of  the  alkali  has 
lieen  removed,  y»assing  a  stream  of  carbon  dioxide  through  the  solution 
will  he  sufficient  to  cause  prceipitiition. 

If  some  pieces  of  solid  alkali  allniminate  arc  placed  in  an  acid  just 
strong  enough  to  show  an  acid  reaction  after  the  introduction  of  the 
albuminate,  the  latter  w  ill  become  milky -white,  shrivel  up.  and  form  an 
ehistic  mass,  the  so-called  paeudo-ftbrinj  which  will  swell   np  in  dilute 
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(0.1  per  cent.)  acids  without  dissolving,  but  which  is  soluble  in  the  caustic 
idkjtiies,  and  may  be  precipitated  by  neutraliziitioii. 

Alliaii  albuuieu,  like  other  albuminous  bodies,  is  also  precipitated 
from  its  solutions  by  metallic  salts.  With  aieoliol  no  precipitate  i* 
yielded,  and  idkalj  albumen  is  said  to  contain  no  sulphur,  the  sulphur  of 
the  albunii-n  tVom  wliieli  it  is  made*  Wing  removed  by  the  alkali  in  the 
process  of  conversion.  It  therefore  ditfers  from  acid  albumen  and  from 
casein,  which  contains  sulpliur 

Alkali  albumen  or  albuminate  is  present  in  all  young  cells ^  in  blood- 
corpuscles  and  blood-serum,  in  muHcU%  pancreas,  nerves,  crystaiiine  lens, 
and  cornea.  It  would  seem  that  alkali  albuminate  may  exist  in  various 
fornis*  juilginii:  Uy  the  dirtereuL-e  in  etlect  jirockiced  on  polarized  ligiit  by 
alkali  albumen  produced  from  different  sources.  Thus,  alkali  alliunum 
produced  from  serum-albumen  has  a  la^vo-rotatorv  power  of  ^ — 86"^;  from 
egg-albumen,  of —47 '^,  and  if  iirepared  from  coagulated  egg-albumen  it 
ma}'  be  as  high  as  — 58, 8"". 

Caai'iii  is  a  form  of  alkali  albuminate  winch  is  present  in  milk.  It 
yields  potassium  sulphide  when  left  to  stand  with  liquor  potassa?,  and 
still  more  quickly  wlien  heated  with  it  It  may  be  prei)ared  from  milk  by 
shaking  tlie  milk  with  caustic  potash  and  ether,  removing  the  ether  and 
precipitating  the  nlbuminatc  with  acetic  acid,  and  w^ashing  the  coagulum 
with  water,  alcohol,  and  ether.  The  other  properties  of  casein  will  be 
further  studied  under  the  subject  of  Milk. 

Alkali  albumen,  therefore,  differs  from  acid  albumens  in  its  not  being 
precipitated  on  neutralizatinti  if  alkaline  |)hos|ihides  lie  present;  by  its 
beinc  t>rocipitated  by  magnesium  wnljtbate  in  siibstfuice  in  cold  solution, 
but  ill  not  being  coagulated  when  boiled  in  time-water;  and  it  contains  no 
sulpbur, 

V.  CoAOiTLATED  Protetds. — It  has  already'  Ijeen  seen  that  the  action 
of  heat  on  solutions  of  egg- and  serum-albunicn,  gbdmlins,  or  on  fibrin 
irhen  suspended  in  water,  or  dissolved  in  saline  solutions,  serves  to 
conguhite  tliem  and  to  convert  them  into  an  in^iilnble  form.  Absobite 
alcohol  pnidufcs  a  similar  eliect  fui  the  same  bodie*;  eoagulati'd  j)roteids 
are  insoluble  in  water,  dilute  acids  and  alkalies  and  neutral  sidine  solu- 
tions, and,  although  they  are  solidile  in  the  strong  mineral  acids,  their 
solnliiiity  is  dependent  upon  the  f:iet  that  through  the  action  of  the  acid 
they  are  converted  into  derived  albumens.  They  are  readily  converted 
into  jjeptones  through  the  action  of  the  different  digestive  juices  (gastric 
and  i^ancreatic  juices).  When  freshly  formed  they  are  wliitc*  flocculent,  or 
cheesy  masses  which,  under  the  microscope,  are  entirely  amor^dious; 
they  hold  water  and  salt  solutions  with  great  tenacity.  Their  eUeraieal 
characteristics  have  buen  very  little  studied. 

VL  Amyli>id  Substances  uh  Lahbacein.^ — This  is  a  substance  which 
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appciirs  to  be  a  derivative  of  librin,  atid  is  found  as  a  tluposit  in  luinicrouH 
of  the  organs  of  the  body,  sueli  us  the  spiet^n,  livur,  ete.  It  is  in  soluble 
in  water,  alcohol,  etht-r,  dilute  acids,  and  alkiiline  earbonates,  and  is  not 
dissolved  by  the  digestive  juices.  When  acted  on  by  conctfntrHtt?d  hydm- 
chloric  acid  it  passes  into  solution  and  is  converted  into  syntuniu,  which 
may  be  precipitated  by  dilution  with  water.  With  suljihurie  acid  it  dis- 
solves when  boiled,  ronninjj^  a  violet  solution,  luu]  witU  strong  sulphuric 
acid  it  is  converted  into  leucin  and  tyrosin.  In  its  ccanpositiou  it  apjwars 
identical  with  other  proteid^.  It  beliaves  differently,  however,  to  certain 
of  the  proteid  tests,  and  mufit,  tlicref»»re,  be  regarded  as  a  modified 
proteid.  Tiius,  with  iodine^  instead  of  the  yellow  color  produced  with 
other  proteids,  a  reddisb-hrown  color  is  formed.  With  iodine  and 
chhmde  of  zinc  or  sulphuric  acid  a  violet-bluish  color  is  produced,  thus 
'  resembling  cellulose  in  its  reliction,  to  wbich  similarity  it  owes  its  nixuie 
of  amyloid,  thou jjfh  it  must  be  remembered  tiiat  this  is  the  only  point  of 
similarity  Iwtween  aniyloitl  substances  and  tiie  starchy  bodies  ;  for  it 
coti tains  nitrogen,  which  is  absent  from  all  starches,  and  it  cannot  be 
convertefl  into  sugar.  Aniline  violet  on  amyloid  substance  canses  a 
reddish-violet  color,  and  is  a  test  which  may  be  readily  used  for  detecting 
the  presence  of  amyloid  degeneration  in  various  animal  organs.  ATuyluid 
substance  yiekls  the  Millou^s  and  xautlio*prt>tcic  rciietions. 

YIL  PEPTONEa. — A  ]>eptone  is  a  modi  lied  form  of  proteid  which 
occurs  when  any  of  the  albuminous  bo<lies,  with  the  exception  of  lardaeein, 
are  subjected  to  the  action  of  gastric  or  pancreatic  juices,  iirolonged 
boiling  at  high  temperature  under  great  pressure,  or  by  the  action  of 
beat  and  dilute  acids  at  moderate  temperature*  Their  general  charac- 
teristics will  be  referred  to  under  the  subject  of  Digestion. 


HE^^ 


In  addition  to  the  above  classes  of  albuminous  bodies,  albumen  has 
n  said  to  exist  under  two  other  forms,  that  of  meta-albumen  and  para- 
umen, although  as  yet  very  little  is  known  about  their  chtiractcristics,  or 
10  fact  whether  they  are  not  simply  ordinary  albundnous  bodies  modilied  by 
the  accidental  addition  of  some  other  subsUince.  Thus,  meta-albumen 
might  possibly  l>e  regarded  as  a  mixture  of  albumen  and  mucin,  since  it  is 
precipitated  by  alcohol  withftut  un<lcrgoing  cuagidation  ;  it  is  not  coagu- 
lated by  boiling,  although  its  solutions  Ijcconie  cloutlj  when  heated,  and 
it  is  not  precipitated  by  acetic  or  hydrocldoric  achls,  or  acetic  acid  and 
potassium  ferrocyanide.  It  is,  however,  preei|)itated  by  mercuric  chUoide 
and  gallic  acid.  It  has  been  found  in  ovarian  cjsts,  ajjd  in  the  lluid  of 
ascites.  When  precipitated  by  alcfihol  the  precipitate  is  again  soluble  in 
wuter.  Para-alViumen  has  also  been  found  in  the  fluid  of  ovarian  cysts, 
where  its  preseuce  was  supposed  to  be  cbaraeterislie,  but  has  also  been 
found  elsewhere.     It  is  precipitated  by  alcohol^aiid  when  so  precipitated 
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may  redissolve  agnin  in  water.  It  is  not  completely  coagulflted  by  boil* 
m^.  It  is  renilered  turbid  by  acetic  aeid^  tbe  cloutliiiess  iH^inj^  removed 
Uy  an  excess  of  neid  or  fiodiiiin  cliloride.  It  is  prccipitftted  by  nitric 
jicid,  potassium  lerrocyauide  and  acetic  acid,  mercuric  chloride,  and  aee- 
tiite  of  lead, 

ALBrmNOIDS. 

In  the  de%'elopment  of  the  different  tisaues  of  the  nuimnl  IkkIv 
the  native  albumens  already  descrilied^  which  exist  iti  the  ovum  and 
embryonic  oells^  avssumc  a  modified  form,  the  condition  under  which 
sueh  a  modified  albumen  in  present  varying  considenibly  in  dif- 
ferent tissues;  as  already  pointed  out,  the  difference  in  the  diiferent 
tissues,  espceially  in  the  different  mem  hers  of  tlje  connective-tissue 
gronpi  is  dependent  upon  the  niodilicatiun  which  the  albiiminons  con- 
stituents of  those  cells  have  undergone.  Such  bodies  have  a  chemical 
composition  very  closely  allied  to  that  of  native  albumens.  They 
are  complex,  nitrogenous  compounds,  but  they  present  certain  proper- 
ties in  contrast  with  the  true  alhunutjuns  bodies.  As  they  appear  to 
result  from  the  translVjrmatiou  of  those  bodies  in  the  animal  economj', 
not  as  a  rule  tjcing  found  in  the  vegetable  kingdom,  they  may  be  s[x>ken 
of  as  the  albuminoids  of  special  tissues. 

In  the  connective-tissue  group  are  included  a  numlier  of  different 
tissues,  such  as  white  connective  tissue,  elastic  tissue,  tendon,  lione, 
cartilage,  and  dentine,  which  at  first  sight  ap]»ear  to  Ijave  few  if  any 
points  in  cunimon.  Vet  all  these  tissues  fuhill  the  same  subservient 
function  of  connection  and  support,  all  originate  from  the  same  layer 
of  the  blastoderm,  and  in  d  life  rent  periods  of  life  are  often  ehnnged 
from  ono  form  into  the  other.  The  ceils  of  all  these  tissues  are  capable 
of  developing  a  more  or  less  homogeneous  intercellular  substance,  whose 
chemical  composition  differs  in  the  ditlerent  members  of  this  group. 

When  any  of  the  various  forms  of  connective  tissue  proper  are 
macenited  for  some  days  in  lime-water  or  baryta-water,  the  various 
elements  fall  asunder  from  solution  of  the  connecting  cement,  which 
may  be  precipitated  from  its  solution  by  dilute  acids.  This  body  is 
mucin,  if  the  ground  sulistance  of  the  different  connective  tissues  nfter 
the  removal  of  nuicin  is  boiled  in  water,  they  nearly  all  yield  substances 
gome  what  similar  to  glue ;  hence  they  are  called  collagenous  bodies. 

We  wiit  take  these  up  in  turn. 

1.  Mta-in. — Mucin,  or  the  cement  Bubstance,  is  found  in  all  muccns 
secretions  as  a  result  of  special  cell  action,  and  in  the  tissue  of  mollnsks, 
and  is  the  substance  to  wdiich  their  tenacious  character  is  due.  It  ia 
found  in  embryonic  connective  tissue,  and  serves  to  bind  together  the 
fibres  of  tendons,  and  of  connective  tissue  and  epidermis,  and  is  fauitd 
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in  synOTial  secretions.  Mucin  Tnny  tic  prepared  from  tljc  snlivary  glands 
by  making  a  watery  extract,  tllterin!^  imd  preen | )itHl in |^  inncin  by  acetic 
acid  ;  the  precipitate  may  then  be  was  lied  witli  water^  with  alcohol,  and 
with  ether  to  remove  fat.  Mnein  may  also  be  obtained  from  tendons  by 
washing  well,  cnltina:  i*P  *Tito  small  pieces,  extractin*?  tlieni  with  water  to 
remove  soluble  albumincms  bodicji  and  salts,  aiul  then  allowing  tlieni  to 
stand  for  several  days  in  lime- or  baryta-water.  After  filtration,  acetic 
acid  will  precipitate  the  mucin,  w^hicli  at  first  is  graniihir,  bnt  aftt^rward 
flocculent  in  appearance,  and  w hicli  may  1m3  washed  witli  dihrte  alcohol 
or  dilute  acetic  acid.  It  also  may  lie  prepared  from  ox-gall  by  preeipi* 
tJiting  with  its  own  volume  of  alcohol  to  remove  the  coloring  matter  and 
proteids,  dissolving  the  precipitate  in  lime-wiUcr,  after  washing  with 
fresh  alcohol,  and  precipitating  the  tnuein  from  its  solution  in  lime- 
water  V>v  acetic  acid. 

When  frcKhly  precipitated,  mucin  is  a  glutinous  Ixxly  which  may  be 
ftpended  Init  not  dissolved  in  w^aten  Mucin  is  soluble  in  concen- 
ftrated  but  not  in  dilute  mineral  acids.  It  is  also  soluble  in  litpior 
[jiotassfe  and  lime-water,  and  the  sokiXiou  is  viscid  and  nearly  neutral, 
i^hcn  in  solution  it  is  not  coagulated  by  boiling,  but  is  lueeipilatcd 
in  an  insolui»le  form  by  acetic  acid.  Its  solutions  are  precipitated  by 
mineral  acids,  the  precipitate  being  soluble  in  a  slight  excess  of  acid. 
It  is  not  preci[Mtate<l  by  metallic  salts,  with  the  exception  of  acetate 
of  lead.  Wbeu  boiled  for  twenty  or  thirty  piinutes  with  dilute  sul- 
phuric acid  it  acquires  the  power  of  reducing  the  ordinary  sugar  tests. 
It  again  loses  this  power  on  prolonged  boiling.  A  body  similar  to 
aci«l  albumen  is  formed  at  the  same  time,  iSo  preciintate  is  produced 
with  solutions  of  mucin  by  acetic  acid  and  potassium  ferroc^muide 
unless  other  albuminoids  are  also  present.  It  gives  no  precipitate 
with  mercuric  chloride,  and  does  not  give  the  biuret  reaction  for  allui- 
minous  bodies;  with  Millon's  reagent  it  gives  a  red  color.  It  therefore 
lK>s$esses  several  i>roperties  which  are  divergent  from  those  of  or- 
dinary albuminous  bodies,  and  is  evidently  a  proteld  body  modi  lied 
through  the  diHerentiation  of  the  protoplasm  of  the  cells  of  the  con- 
nective-tissue group. 

Mucin  appears  to  be  digested  hy  pancreatic  but  not  by  gastric  juice. 
Mucin  is  not  solulile  in  water  or  alcohol,  l»ut  swells  up  very  unich  in  the 
former,  particularly  in  the  presence  of  certain  salts.  When  the  mixture 
is  filtered  part  of  the  mucin  often  passes  through,  and  cranses  a  turbid 
prec»(>itate.  The  mixture  in  water  fjossesses  no  viscidity;  it,  however, 
becomes  clearer  and  more  tenacious  if  sodium  chloride  is  added. 

2,    CoUagenouH   J /&»<mi>'f>iWs.— Collagenous  albuminoids,  of  which 

elatin  is  the  type,  are  albuTuinons  todies  found  in  connective  tissue, 

ilage,  and  bone.     They  contain  a  little  less  carbon  and  more  nitrogen 
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In  soltition  gelatin  rotates  the  plane  of  polarized  llrrht  to  the  left 
( — 130^  at  25^  €.)'  In  watery  HolutioiiH  gelatin  is  preeifittated  by  tiuinic 
acid, alcohol,  and  merciuic  chioride  ;  but  not  by  acetic  acid^  which  serves 
to  diiitingut^h  it  from  choudriu ;  nor  by  potussiiim  ferrocyauide  and  acetic 
acid,  which  separates  it  from  other  prnteidH;  nor  aeetaie  of  leud,  which 
precipitates  chondrin.  When  boiled  with  cupric  sulphate  and  potui^siuui 
hydrate,  the  blue  solution  Ijecomes  red  without  depositing  oxide  of 
copper.  Gelatm  readily  nndergoes  putre  fact  ion  ^  and  among  the  products 
leucin,  ammouia,  and  some  of  the  fatty  acids  arc  found. 

c,  Chondi*o<jen, — Chondrofren  is  found  in  the  intercellular  substance 
of  hyaline  cartilage,  and  in  the  cartilage  of  bone  before  ossincation.  It 
derives  its  name  from  the  fact  that  when  boiled  with  water  it  forms 
chondrin, — a  point  which  serves  to  distin^j^uish  it  from  libro-cartilage, 
which,  when  treated  in  the  same  w*ay  with  Ixiiiing  water,  forms  !zelatin,and 
not  chondrin*  Chondro*£en  is  irrsohible  in  cohl  water,  Imt  if  dried  liefure- 
hand,  wh€*n  inimerHed  in  cohl  water  will  swell  up  sliglitly.  It  swells  very 
slightly  in  acetic  acicL  and  may  Ix^  dissolved  by  the  concentrated  mineral 
acids  and  caustic  alkalies.  When  subjected  to  prolonged  boiling  with 
water  it  dissolves  and  foniis  an  opaline  solution,  which  forms  a  jelly 
when  cooled. 

rf,  Chondrin.'^k^  just  stated,  chondrin  is  the  result  of  prolonged 
boiling  of  choudrogen  in  water.  When  solutions  of  chondriii  in  water 
cool  the}'  form  a  stiff  jelly,  which  is  insoluhle  in  cold  water^  but  soluble 
in  alkalies  and  ammonia.  When  solutions  of  chondrin  are  evaporated, 
a  Lard,  trans^lueentt  yellowish,  gummy  mass  re^ults^  which  is  insolultle 
in  alcohol  and  ether,  swells  sligiitly  in  cold  and  dissolves  tolcnibly 
rendily  in  hot  water  and  sohitions  of  the  alkalies.  Prolonged  boiling  of 
watery  solution**  of  chondriu  destroys  its  ])ower  of  gelatinizing^  tliough 
the  other  properties  of  cluHulrin  are  not  thereby  altered.  It  is  preeiiii- 
tate<i  from  its  sobitions  by  alcohol  It  differs  from  gelatin  in  that  it  is 
precipitated  b}-  Ihe  mineral  acids  even  wlien  they  are  dilute;  an  excess 
of  the  reagent  dissolves  the  preeipitate.  It  is  also  precijatatwl  by 
Boltitions  of  sulphurous  acid.  It  is  preei(>itated  by  acetic  acid,  the 
precipitate  not  Ijcing  soluble  in  excess  unless  some  alkaline  salt  be 
present.  It  is  precipitated  in  abundant  tlocculi  by  solutions  of  alum, 
wjiieh  reailily  <]issolve  in  an  excess,  and  the  fin  id  becomes  clear  and 
trsiiispurent.  It  ia  precipitated  with  acetate  and  subacetate  of  lead, 
nitrate  of  ailver,  aud  cupric  sulphate.  Tannic  acid  and  chlorine  water- 
preeipitjite  it,  as  in  tlie  cai^e  of  gelatin.  It  rotates  the  j^lane  of  jjolarized 
light  to  the  left.  Chondrin  also  is  readily  decomposable,  and  when 
eubjeeted  to  prolonged  heat  with  concentrated  hydrochloric  acid  is 
dcK^mposed,  with  the  formation  of  nitrogenous  compounds  which  have 
tUe  power  of  reducing  the  cupro-potassiuui  test ;  a  body  resembling  acid 
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albumen  is  formed  at  the  8amc  time.  Tiie  same  changes  follow  prolonged 
boiling  with  dilute  sulphuric  acid.  There  are  some  grounds  for  supposing 
that  chondrin  is  not  an  individual  albuminoid,  but  that  it  is  rather  a 
mixture  of  gelatin,  mucin,  and  salts,  since  its  general  characteristics  are 
similar  to  what  might  be  possessed  by  a  combination  of  these  bodies. 
All  the  connective  tissues,  therefore,  possess  a  body  which  may  be 
transformed  into  gelatin  by  boiling,  and  a  cement  substance,  nincin. 

,    The  following  statements  represent  in  a  few  words  the  distinctive 
characteristics  of  mucin,  chondrin,  gelatin,  and  albumen  : — 

Mucin . — Precipitated  by  acetic  acid,  the  precipitate  is  not  dissolved 
by  sodium  sulphate. 

Chondrin. — Precipitated  by  acetic  acid,  the  precipitate  is  dissolved 
by  sodium  sulphate.  Precipitated  by  lead  acetate,  alum,  silver  nitrate, 
and  copper  sulphate. 

Gelatin, — Not  precipitated  by  acetic  acid,  nor  by  acetic  acid  and 
potassium  ferrocyanide,  nor  by  lead  acetate. 

Albumen. — Dissolved  by  acetic  acid,  tlie  solution  is  precipitated  by 
potassium  ferrocyanide,  or  by  the  addition  of  alkaline  salts  and  heat. 

Gelatin  and  chondrin  are  mostly  to  be  recognized  by  their  hot 
solutions  forming  a  jelly  when  coole<l.  This,  as  already  mentioned,  is  not 
invariably  the  case,  as  the  property  is  lost  by  prolonged  boiling,  or  by 
boiling  with  acids. 

Closely  allied  to  these  collagenous  albuminoid  constituents  of  the 
connective  tissues  we  meet  with  two  other  albuminoids  which  have  many 
points  in  common  with  the  above,  with  the  exception  that  they  do  not 
form  jellies  when  their  solutions  cool.  These  two  Indies  are  Elastin^ 
obtained  from  elastic  tissue,  and  Keratin,  a  nitrogenous  body  of  epithelial 
origin. 

3.  Elastin. — Elastin  is  the  albuminoid  principle  contained  in  yellow 
elastic  tissue.  When  yellow  elastic  connective  tissue  is  toiled  with 
water,  after  mucin  has  been  removed,  collagen  is  dissolved.  The  residue 
which  remains  is  main!}'  composed  of  elastin.  Elastin  may  be  pre|)ared 
by  macerating  the  ligamentnm  nuchse  of  the  ox  with  ether,  and  then  hot 
alcohol,  to  remove  the  fats ;  boiling  water,  to  remove  collagen  and  convert  it 
into  gelatin,  and  10  per  cent,  caustic  soda,  and  then  acetic  acid,  allowing 
the  boiling  in  water  to  continue  for  at  least  thirty -six  hours,  and  in  the 
acetic  acid  for  at  least  six  hours.  After  l)eing  subjected  to  the  soda,  the 
remaining  tissue  is  again  boiled  with  dilute  acetic  acid,  well  washwl  with 
water,  and  afterward  the  acid  neutralized.  After  washing  with  hot 
water  a  brittle,  yellowish  mass  is  obtained,  which  recovers  its  elasticity 
and  fibrous  appearance  if  soaked  in  dilute  acetic  acid. 

Elastin  is  insoluble  in  cold  or  boiling  water,  and  offers  remarkable 
resistance  to  chemical  agents,  unless  boiled  for  a  very  long  time.     It  is 
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in^iilile  in  alcohol,  ether,  aramonia,  or  acetic  acid,  lint  it  dissolves  in 
eaudtic  potasli.  Its  solutioiLs,  bowever,  do  not  i^clatiiHze.  WhtMi  once 
dissolved  in  cans^tic  j»otash  the  alkali  mux  be  neutralized  withiMii  throw- 
ing the  elastin  out  of  solution.  Tannic  acid  it*  the  only  acid  which  will 
preei[>itiite  it,  Elastin  jrives  the  XMntho-proteic  and  MillonV  reactions, 
ami  its  place  among  the  alhuminoid^,  the  let  ore,  seems  warranltcL  When 
boiled  ff»r  n  long  time  with  siilplmric  acid  it  under^jjoes  decomposition, 
with  the  fnrmntion  of  leucin  and  tyrosin.  Elastin  contuins  no  sul}iliMr, 
4,  Keratui, — The  epitlielial  tissuifs  of  the  animal  Itody — naib,  hone, 
epidermis,  and  epithelium^  as  ivell  as  horns  and  ieatliers-^are  mainly 
composted  of  a  suljstance  closely  allied  Ut  allnnneii,  n^  it  ji:ives  lencin  and 
tyroi*iri  on  decompusitiun,  to  whieli  the  name  of  keratin  has  l^een  <riven. 
Kenttin  contains  snlphnr  in  loose  comlnnation,  and  is  in  some  re- 
spects closely  related  to  elastin.  Keratin  is  insoluble  in  alcolnd  and 
ether^  swells  up  in  boiling  water,  and  is  solnhli?  in  tlie  caustic  alkalies. 
It  is  not  liable  to  dec?nmi>o3ition.  When  one  of  tlje  epitUehal  istrncturcH, 
such  as  horn,  is  sulyected  to  the  action  8 nc^'essivcly  of  1  toiling  water  and 
alcohol,  ether,  and  dilute  acids,  this  snbstance,  keratin,  remains  behind. 
But  when  so  olitained  it  has  liy  no  means  a  constant  eomjiosittoJi, 
and  it  is  probable,  therefore,  that  keratin  is  rather  a  mixture  of  several 
nitrogenous  bodies  than  a  single  albuminoid. 

JJecomiMtsifion  of  the  Alhnniinou,^  Bodit*.^. — As  already  mentioned, 
albuminous  bodies  arc  the  most  unstable  of  nil  organic  c<»niponnds,  and 
f  it©  bar©  the  strongest  reason  for  believinij  that,  even  while  in  the  interior 
of  animal  and  ve^retable  organinms,  the  albnminous  constitneiits  of  |irato- 
plasm  are  continually  the  seat  of  various  forms  of  deeomf^ositiun  which 
resnlt  tn  the  production  of  simpler  organic  and  inorganic  forms.  As  wc 
know  but  very  little  as  to  the  molecular  constitution  of  the  pruteid 
bodies,  nothing  positive  can  lie  said  as  to  the  complex  chemieal  proresses 
which  resnlt  in  the  prfjduction  of  simpler  organic  forms.  The  subject 
Uaa  been  a  favorite  field  of  research  ff)r  organic  ehemists,  but  as  yet 
scarcely  anything  tangible  has  resulted  from  their  labors.  An  immense 
amount  of  valuable  information  has  been  attained,  bnt  the  applieability 
of  the  facts  so  reached  to  physiological  processes  is  not  as  yet  clearly 
ftsstired.  The  chief  end  iJroducts  of  the  decomposition  of  proteids  in 
the  animal  cell,  wdiich  is  essentially  one  of  oxidation,  are  water,  carbon 
dioxide,  and  ur€»a.  What  tiie  nature  of  the  substances  arc  w hich  are  in- 
termediary between  these  end  [>roducts  and  allHmiinoids  we  do  not  clearly 
kijknow,  except  that  certain  ones,  sueh  as  leucin,  tyrosin,  certain  of  the 
^  "ttirbo-hyd rates,  such  as  glycogen  and  fats,  are  of  constant  occurrence 
ami  of  great  importjince.  The  subject  of  the  decompoBition  of  albumen 
antler  various  ebemical  and  physical  agents  is  an  extremely  interesting 
one,  but  it  falls  more  within  the  province  of  ivorks  on  orf^auic  chemistry. 
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Ill  atir  study  of  tlie  processes  of  metaljolism  of  the  itii'mial  body,  in 
wlik'h  we  will  attempt  to  trace  the  course  of  tlie  food-ytutf?*  after  their 
entmuee  into  the  bmly  and  in  their  elitiiiruition  as  various  effete  protiiiets, 
thii*  snlijeet  must  tieceesarilj  be  touelie*!  npoo  ;  tlie  consideration  of  the 
part  of  this  subject  widch  is  at  all  capable  of  praeti cable  application  will 
be  deferreil  until  then. 

It  may  only  be  mentioned  here  that  tbe  &imj>ler  an  organism  the 
8imi>ler-ninst  be  the  chemical  cbangen  irT  its  constituents.  Thus,  we  find 
that  in  the  elemenUiry  ve*|;etable  organ if*ms  their  entire  structure  is  made 
np  of  protoplasm,  which  is  pr.ictically  almost  solely  albuminoid  ;  we  have 
then  appearing  ehlorophylb  cellulose,  starch,  and  in  still  higher  forms  the 
various  sngar  groups,  vetjetable  acids,  alkalies,  etc.  In  the  animal  body 
a  mmilar  state  of  alfairs  holds.  We  may  say  that  the  body  of  an  amcelia 
is  composed  of  simple  allmminous  matter.  In  the  devek>pnient  of  organs 
we  have  a  develo[unent  of  su[iposed  clieniical  derivatives  of  protoplasm, 
and  the  hi  poller  the  state  of  development  of  the  organism  the  moii;  com- 
l>lex  will  be  the  changes  which  have  residted  from  the  original  proto- 
plasm. As  we  have  alx*eady  mentioned,  these  cell-const  it  nents  are  organic, 
nitrogenous  ami  non-nitrogenons,  and  inorganic  boilies.  All  of  the  sub- 
stances  w'hich  we  have  heretofure  considere<l  are  examples  of  derivatives 
or  modifications  of  ijroto)>iasm,  and  as  protoplasm  is  essentially  aUiumi* 
nous  they  are,  tlierefore,  the  ex:im|>les  of  a  modification  of  albumen.  In 
the  waste  of  atbnminons  tissues  w^e  have  an  immense  number  of  inter- 
mediary bodies,  i>artly  belonging  to  the  various  aromatic  series,  betweea 
albuminous  bodies  auil  the  simpler  end  products,  water,  carWm  dioxide, 
and  urea.  These  bodies  result  from  a  progressive  series  of  oxidattoMi 
antl  will  receive  consideration  under  the  snbjeet  of  Nutrition. 
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FERMENTS. 

Various  animal  and  vegetable  cells  will  often  be  found  to  contain 
a  class  of  bodies  which  are  closely  allied  in  composition  to  albuminous 
sulistances,  since  they  contain  carbon,  nitrogen,  hydrogen,  oxygen,  and 
sulphur.  From  the  fact  that  tbey  are  able,  under  certain  conditions,  to 
produce  reduction  in  the  complexity  of  organic  compounds  with  the 
actinii  of  water  without  acting  through  the  develo])ment  of  chcmind 
afllnities,  and  without  themselves  nndergiiing  change,  such  bodies  are 
termed  solul>le  ferments,  and  are  derived  directly  from  modifications  of 
the  protoi>lasm  of  the  living  organisms  in  which  they  originate.  Al- 
though tliey  are  apimrently  alliwl  to  albuminoids  in  their  chemical  con- 
fetitutiou,  yet  when  purified  they  fail  to  give  the  proteid  reactions ;  and 
although  we  may  be  pretty  sure  that  such  bodies  are  derived  from 
the  physiological  s[>litting  up  of  proteids,  we  have  no  exact  knowledge 
as  to  their  structure*     When  obtained  dry  by  various  processes,  which 
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will  be  considered  iiii<1cr  tlie  study  of  tlic  individunl  tVnnents  in  the 
section  on  Digestion,  ttiey  are  amorplious,  coU^rless  powders^  wliitvli  iire 
highly  soluble  in  water^  resemble  gums  soiuewhrit  in  fqipfiinince,  and  are 
precipitated  from  tbeir  sohiUons  by  alcohol^  corrosive  sublimate,  and 
lead  aeet ate.  One  » » f  t b e i r  rv mnrkalA e  p< li n t s  i i f  < -o 1 1 1 ra s t  to  ^d b u m i n o u s 
bodied  is  tbat,  when  preei  pita  ted  from  solution  in  water  itt  ^lyeeriu  by 
altsolute  alcohol,  if  the  precipitates  are  Altered  olf  and  dried,  they  are 
again  perfectly  soluble  in  water^  and  are  8till  capfd^e  of  exerting  Ml  tlmr 
actions  ;  hence,  their  prwipitatkm  is  more  of  a  mechanical  nature  than 
chemical  Further,  when  the  precipitates  formed  by  the  above  reagents 
are  decomposed  by  sulplin rotted  hydrogen  a  wntery  extract  of  the  pre- 
cipitate will  still  preserve  the  original  properties  of  the  ferment;  in  other 
words,  the  solid^le  matter  is  restored  to  tlie  water  unchanged,  and  still 
preserves  its  spcinfic  properties.     The  ferments  arc  witli  ditflcnlty  freed 

*from  albuminoids,  and  it  is  in  all  piohsibility  tl'e  albnuiinoid  which  is 
chemically  precipitated  from  their  solutions  by  the  above  reagents,  and 
rhich  in  this  precipitation  carries  witii  it  niecbanicnlly  the  ferment. 
Cijii sequent ly^  this  property  of  ttie  ferment  of  being  precipitated  by  tlie 
above  reagents  is  dependent  upon  the  lilliuniinons  bodies  which  are 
nearly  always  associated  with  it.  We  f^hall,  fnrther,  find  tliat  this  projv 
ert^"  of  being  carried  down    by  preci|iitatcs  from  sohitions  is  the  basis 

Lof  nearly  all  the  methods  which  have  been  eraployed  for  t!ie  isolatiou  of 

'the  diflercnt  digestive  ferments. 

Ferments  obtained  from  the  animal  and  veget:d ilc  kingdom  may 
have  the  most  varietl  functions.  We  have  but  little  infornintion 
concerning  the  soluble  ferments  from  a  chemical  point  of  view.  We 
do  not   even  know   whether   they  all    have  the  same   chemical   compo- 

^eition,  and  differ  only  in  some  unknown  nismner  in  their  sjiecitlc  activity. 
They  only  are  active  at  a  tem|>crature  below  GQ^  C»,  and  when  in  the 
presence  of  water ;  at  the  temperature  of  boiling  water  they  are  perma- 
nently destroyed;  at  lower  temperatures  their  activity  is  suspended. 
They  do  not  themselves  appeur  to  be  inlbicnced  in  the  plicnonicna  of  fer* 
nentation  which  they  inaugurate;  ferments  are  also  inactive  in  the  pres- 
ence of  various  chemical  agents,  sucli  as  alcohol,  the  stronger  niincrnl 
acids,  and  all  the  large  group  of  substances  which  are  known  as  antisep- 
tics. Ferments  may  be  of  twT>  kinds  ;  either  organized  ferments,  stich 
as  the  yea-st-piant,  malt,  vibrios,  bacteria,  etc., — substances  which  are 
themselves  elementary,  cellular  organisms, — or  the  so-cidled   unformed 

rferments,  or  enzymes,  substances  whicli  invnriably  origiufite  in  the  interior 

t  of  animal  and  vegetable  [>rotoplasra,  ami  are  soluble  ami  not  organized. 
This  latter  group  comprises  all  the  ferments  with  which  we  are  par- 

|ticnlarly  interested.     Their  s|>ecifie  action  is  in  many  cases  closely  analo- 

^gous  to  that  of  the  formed  ferments.     There  are,  however,  several  points 
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of  contrast  between  them.  Organized  ferments  are  destroyed  by  com- 
pressed oxygen  ;  soluble  ferments  are  not.  Solutions  of  borax  prevent 
the  action  of  the  uiifonned  ferments,  but  are  without  influence  on  the 
formed  ferments.  The  organized  ferments  during  their  action  reproduce 
themselves ;  tlic  soluble  ferments  do  not  act.  All  the  soluble  ferments 
have  a  high  percentage  of  ash,  sometimes  as  much  as  8  per  cent.  Under 
the  action  of  ferments,  fermentable  bodies  yield  substances  whose  nature 
is  dependent  on  that  of  the  ferment.  So  that  any  individual  ferment- 
able substance  under  the  influence  of  different  ferments  will  split  up  into 
different  substances. 

The  following  are  the  important  ferments  found  in  animal  OTffiBf 
isms:  ptyalin,  found  in  the  saliva  and  converting  starch  into  sugar; 
pepsin,  found  in  the  gastric  juice  and  in  the  presence  of  a  dilute  acid 
converting  albuminous  bodies  into  peptones  ;  the  milk-curdling  fermeni^ 
or  rennet,  found  in  the  gastric  juice  and  coagulating  milk  in  neutral  or 
acid  media;  the  amylohjtic  ferment  of  pancreatic  juice,  converting  stardi 
into  sugar ;  the  proteohjfic  ferment  of  pancreatic  juice,  converting  proteids 
into  i>eptones  in  an  cilkaline  medium;  tho  fat-ferment  of  pancreatic  J  aioe, 
splitting  up  neutral,  fatty  bodies  into  fatty  acids ;  the  milk-curdling  fer^ 
mentj  also  said  to  exist  in  pancreatic  juice  ;  the  in versive  ferment j  found 
in  intestinal  juice  and  converting  cane-sugar  into  inverted  sugar;  and 
the  liver  ferment,  converting  gh'cogen  into  sugar.  The  general  Bubject 
of  the  nature  of  the  changes  produced  by  these  substances  will  be  con- 
sidered in  the  next  section  ;  the  mode  of  action  of  the  digestive  ferments 
will  be  considered  under  the  subject  of  Digestion. 

B.    NON-NITIIOGENOUS    ORGANIC   CELL-CONSTITUENTS. 

I.  Carbo-iiyduates.  —  The  carl)o-hydrate  tissue-constituents  are 
composed  of  car])on,  hydrogen,  and  oxygen,  the  latter  two  in  the  p^opo^ 
tion  to  fonn  water.  Although  occasionally  present  as  constituents  of 
animal  cells,  they  are  almost  exclusively  produced  b}-  the  vegetable  king- 
dom, and  present  many  interesting  examj)les  of  isomerism.  The}'  maj' 
l>e  divided  into  the  three  following  groups: — 

(n)  Starches  (C^irioOj). 

(h)  (iRAPE-SuGAR  Group  (CJIuO,). 

{c)  Cane-Suuar  Group  (CiJI„()jO. 

The  memkirs  of  the  tirst  group  may,  through  the  action  of  dilute 
acids  or  the  diastatic  fennents,  be  transformed  in  great  part  into  the 
second  group.  The  latter  undergoes  alcohoUc  fermentation  when  in 
contact  witii  malt. 

{a)  The  Amyloses,  or  Starch  Group  7?(CeH„0,). — This  group 
includes  starch,  dextrin,  glycogen,  cellulose,  granulose,  and  inulin. 
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1.  Starchy  or  am^lum  (ii{CJljfit)  or  C,jr«Oig),  is  almost  iiniverg- 
ally  ili^trifMited  throughout  the  vegt-tjible  kingdom,  aud  is  the  tir^^t  evi- 
tluuee  of  the  (leeompositioii  of  Cl>i  of  thti  atmosphere  hy  vegetable  cells 
(G  COi4-5  H,0  =  C,lIwO,+  12  0),  It  is  partieularly  abundant  in  tlie 
cereals,  in  seetls  of  the  legumiuou.s  plautH,  find  in  the  liotnto,  and  in  eer- 
tain  roots,  tubers,  soil  stems,  niid  seeds.  It  forms  roundud  masses  which 
lie  in  the  plaaimi  of  the  pituit-t^ells  J jcuoming  converted,  in  the  process  of 
germitiatioti  in  seeds  and  bulbs,  into  soluble  dextrin  and  sugar.     Under 


Fio.  54.— $iTAnrTr-GiiANrT,E8,  apteii  LoEurscH* 

A,  p—  liBWihy  B.  Tiev-vtuvh  :  C.  4)at-«Urrthi  D,  vrhNtt-atiiivh  :  E.  1«nn-<iUr«h  :  F.  nLi11«t-tta.rvh ;   Q,  eoru-ftarch  ,■  H.  nr*^ 
MATob;   t,  Itntit-f Uftreh :    K«  tnuUtio-BUruL  ;  L,  backwheal-BtArcb;   M,  l«r]«y-it»rch. 

microscopic  examination  stnreh  appears  as  roun<led,  glistening  granules 
conipose<l  of  a  series  of  concentric  rings.  Thes^e  grannies  vary  in  appear- 
ance and  size  according  to  their  source.  In  size  they  may  vary  from 
0*004  mm.  in  diameter,  as  w!ien  found  in  beet-seeds ,  to  O.IG  mm.»  as  in 
potato-starch  (Fig.  54). 

In  the  following  talile  (arter  Karmarseb)  the  diameter  of  the  starch- 
granules  from  d liferent  sources  is  given.     Microscopic  examination  of 
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different  "  meals,"  by  the  shape  and  size  of  the  granules,  will  thus  permit 
of  the  recognition  of  adulteration  with  inferior  meals : — 

Mm. 


Potatoes  (average),    . 

.    0.140  (0.10-0. 186> 

Arrowroot, 

(t 

.    0.140 

Sago, 

*f 

.    0.07 

Beans, 

€* 

.    0.068 

Peas, 

tt 

.    0.050 

Wheat, 

t€ 

.    0.050 

Rye, 

t* 

.    0.086 

Oats, 

t( 

.    0.081 

Corn, 

tt 

.    0.02-0.08 

Tapioca, 

tt 

.    0.028 

Rice, 

ft 

.    0.022 

Barley, 

tt 

.    0.025 

Buckwheat, 

tt 

.    0.009 

The  striated  appearance  is  due  to  the  fact  that  starch  is  composed 
of  two  substances, — cellulose  and  granulose,  arranged  in  oonoentrio 
layers,  the  cellulose  always  being  external  Granulose  stains  bine  with 
iodine, — not  by  the  formation  of  a  chemical  compound,  but  by  the  deposit 
of  the  iodine  around  the  starch-molecules, — and  cellulose  stains  a  ikint 
3*ellow.  These  two  substances  may  be  separated  by  digesting,  at  60°  C, 
one  part  of  starch  in  forty  parts  of  saturated  salt  solution  containiDg 
1  \>er  cent,  of  free  hydrochloric  acid.  The  granulose  then  passes  into 
solution,  while  the  cellulose  remains.  Examined  in  this  way,  potato- 
starch  has  been  found  to  contain  5.7  per  cent,  cellulose,  wheat-starch 
2.3  per  cent.,  and  arrowroot  3.10  per  cent.  Under  the  action  of  dias- 
tatic  ferments  grnnulose  is  converted  into  sugar,  while  cellulose  remains 
nnaltered.  A  third  substance  has  been  distinguished  in  starch  which  is 
tiMincil  ervthrogranulose,  and  it  differs  from  granulose  in  taking  on  a  red 
coloration  when  treated  with  iodine.  It  has  a  stronger  affinity  for  iodine 
than  granulose.  Hence,  when  starch -mucilage  is  treated  with  very  dilute 
iodine  solution  a  red  color  is  produced,  but  when  a  large  quantity  of 
iodine  is  added,  a  deep-blue  coloration,  from  the  fact  that  the  reaction 
of  the  iodine  with  the  gninulose  masks  the  erythrogranulose  reaction* 

Punj  Btarch  is  a  white,  tasteless,  and  odorless  substance  which  is 
almost  entirely  insoluble  in  cold  water.  In  boiling  water  the  granules 
swell  up  from  the  imbibition  of  water  by  the  granulose,  the  cellulose 
enveloy.es  burst,  and  the  granulose  dissolves.  It  is  to  the  presence  of 
the  cellulose  envelope  that  the  insolubility  of  raw  starch  in  cold  water  is 
due.  When  the  cellulose  membranes  are  destroyed  or  comminuted,  as  by 
grin(liii<j:  with  powdered  glass,  a  part  of  Uie  granulose  is  then  dissolved 
in  the  water,  and  by  repeated  washing  nearly  all  tiie  granulose  may  be 
removed  and  the  cellulose  envelo|>e8  alone  remain.  In  boiling  water, 
while  tiie  starch  is  said  to  be  soluble,  the  condition  is  more  strictly  one 
of  a  hgh  degree  of  imbibition  of  the  starch.  Like  other  colloids,  starch 
is  incapable  of  dialysis,  and  forms  a  mucilaginous  emulsion.    A  solution 
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of  gramilose  In  water  rotates  the  pkne  of  polarized  light  stro«*j:ly  to  tlie 
right.  Aeccjrditig  to  Payen,  when  starch  is  plaetMl  in  a  saturated  solu- 
tion of  iK>tassium  iodide,  or  potas.siuni  bromide,  it  swells  up  to  a  stiif 
jelly  and  increases  twenty -live  to  tldrty  times  in  volume.  This  mass 
may  then  be  dissolved  in  water,  witii  only  a  slight  rei^iduc  of  stiueh- 
cellulose.     Dihite  aeids  wiU  also  dissolve  granulose. 

The  alteration  of  starch  through  the  aetion  of  the  diastatic  ferments 
will  lie  deseribed  under  the  considt ration  of  the  action  of  the  digestive 
juices  on  the  d liferent  food-stutfs.  When  sUireh  is  boded  with  dilute 
ficids  similar  products  result. 

When  stari'h  is  subjected  to  dry  beat  at  150^  to  IfJO'^  C,  it  is  gradu- 
ally  transformed  into  dextrin.  When  moisture,  however,  is  present,  tiuite 
ditferent  compounds  result,  Uie  starch  being  completely  decomposed,  with 
the  formation  of  carlxm  dioxide,  formic  acid,  etc.  In  still  higher  tem- 
peratures small  ([uautities  of  brcuzcatechin  are  formed, — a  fact  which  is 
of  especial  interest,  as  it  indicates  the  possibility  of  the  conversion  of 
earlM>hyd rates  iiito  members  of  the  aroiiiatic  series.  Oxalic  acid  results 
from  heatin^j  starch  with  nitric  acid. 

Tlie  test  for  starch  is  iodine,  which,  with  raw  starch,  or  with  starch- 
mueilage,  gives  a  deei>blue  coh^ration  which  disappears  on  lieatiug,  to 
return  on  cooling,  if  the  heat  has  not  been  too  prolonged.  Starch  is 
also  precipitated  from  its  solutions  by  tannic  acid  in  the  form  of  a  yellow, 
floeculent  sediment  wliich  is  dissolved  on  heating. 

2.  Celluhh^r  (CJ^i#Ot).^CclluloHe  forms  the  wall  or  cell-membrane 
of  vegetable  cells,  and  nuiy  be  regarded  as  the  skeleton  of  plants.  It  is 
formeti  by  vegetable  prot<i plasm  out  of  other  carbo-hydrates,  sucli  as 
starch  and  sugar,  and  is  capable  of  being  again  reconverted  into  other 
rocmliers  of  the  same  group.  It  only  very  seldom  occurs  in  a  perfectly 
pure  condition.  Young  plants  contain  purer  cellulose  than  older  plants; 
in  the  latter  there  is  a  greater  percentage  of  ftsh.  Cotton  and  Swedish 
filler-paper  are  tV»rms  of  comparatively  pure  cellulose.  Cellulose  is  very 
hygroscopic,  bnt  ummoniacal  cupric  oxide  solntiou  (Schneider's  reagent) 
is  its  onl^'  solvent.  In  sulphuric  acid  it  first  swells  up  and  then  dissolves 
.»nd  forms  a  substance  which  is  stained  bine  with  iodine.  This  substance  is 
termefl  amyloid »  but  must  not  be  confounded  with  the  amyloid  -substance 
of  pathologists,  which  has  been  alreiidy  descriljed  under  tlie  albuminous 
bodies.  Cellulose  is  also  cajiable  of  being  converted  into  the  sugar 
group  by  prolonged  action  of  acids.  Woody  fibre  is  a  modified  form  of 
cellulose,  which  is  due  to  the  deposit  within  the  cellulose  of  nitrogenous 
«til»stanees  ;  it  then  hasacrpdred  a  greater  power  of  resistance  to  various 
meelmnieal  and  ctiemieal  agents.  In  woody  fibre  cellulose  has  become 
asBOciatetl  with  a  body  richer  in  carbon  and  poorer  in  oxygen  than  cellu* 
lo»e,  and  which  is  termed  iignin  ;  its  formula  is  CjJljiOu,    The  liguin 
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constitutes  about  50  per  cent,  of  wood,  the  other  lialf  imng  composed  of 
celluloi^e,  upoti  wliich  the  lignin  is  deposited.  Iodine  stains  cellulose  of  a 
yellowish  eolor  unless  hydriodic  acid,  potussinm  iodide,  zinc  iodide,  sul- 
pburie  aeid,  pljosphorio  acid,  or  zinc  chloride  are  added  with  the  iodine. 
Witli  any  of  these  reaL?ents,coml lined  with  the  iodine,  the  ceU-inembrane 
or  ceilulose  is  stained  bine.  It  is  not  known,  however,  in  wliat  way  the^e 
agents  assist  the  reaction. 

3.  i>«^Tfr/«  (CeMia<>B)*— Dextrin,  or  British  grnm,  is  the  name  ^iven 
to  a  group  of  substan<.'es  wbich  may  be  regarded  as  intermediary  |iro<kict8 
in  the  conversion  of  starch  into  sugar.  It  may  also  lj«  obtained  by  boil- 
ing starch  with  dilute  acid.althongU  in  this  operation  the  sugars  arc  also 
obtained.  There  is  some  doubt  as  to  wbctInT  it  exists  reaily  formed  as 
a  constituent  of  vegetable  eellH.  In  commerce  it  is  manufactured  by 
heating  dry  starch  up  to  400^.  Through  tlie  action  of  the  dry  heat  the 
starch  becomes  yeUuwish  in  color  and  soluble  in  water.  Dextrin  is  in- 
soluble in  alcohol  and  ether;  it  should  not  reduce  the  sugar  test  unless, 
as  is  apt  to  be  the  case,  it  ia  associated  with  sugar.  It  rotates  the  ray 
of  polarized  light  strongly  to  the  right,  from  wbieh  it  derives  its  name 
(dexter^ right),  and  is  readily  converted  by  the  action  of  dilute  acidS|™ 
or  the  diastatie  ferments,  into  sugar.  According  to  Bernanl,  dextrin  is  ^ 
foutrd  in  the  blood  of  both  the  berlnvora  and  eandvora,  though  in  greater 
umotnit  in  tlie  former.  When  found  in  the  animal  body  it  originates 
partly  from  the  glycogen  of  the  liver  and  piirlly  from  tbe  food.  The  test 
for  dextrin  is  the  formation  of  a  niabogany-red  color  when  iodine  is  added 
to  its  solutions.  When  heated  this  color  disap[jears  and  does  not  return  on 
cooling, — 4i  point  of  importance  as  serving  to  distinguish  dextrin  from 
glycogen,  another  member  of  this  group.  Dextrin  is  precipitated  out 
of  its  watery  solutions,  whieh  are  always  tnrlnd,  by  nlcoiiol,  lime-water 
anil  ammonin,  and  acetate  of  lea^L  With  iodine  in  solution  in  potassium 
iodide,  dextrin  gives  a  violet  coloration, 

4.  Oh/ct*ge n. — Glycogen , or  an i tnal  st n reh ,  or,  more  properly  sj^eaking, 
animal  dextrin,  will  be  discnssed  at  length  under  the  subject  of  S|K'Cial 
Phy9ioIc^gy, 

5.  Itiulin  fCJT„OJ — In  its  composition  and  characteristics  innhn 
is  closely  allied  to  starch.  It  is  found  in  the  roots  of  the  LifMiaveet, 
Cainpannlacem.^nd  OordeniaceRP ;  it  owes  its  name  to  the  fact  that  it  was 
first  discovered  in  the  root  of  the  Inula  helffiiunt.  Dried  dahlia-hnlhs 
contain  42  per  cent,  of  inulin.  In  the  autumn  inulin  is  found  in 
greatest  amount;  in  the  sjmng  it  becomes  converted  into  Isvulose. 
Inulin  is  only  found  dissolved  in  plant-juices,  and  never  as  a  soHd 
dcfjosit;  and  since  inulin  by  itself  is  insoluble  in  water,  it  must  then  owe 
its  solubility  to  the  presence  of  some  other  substance* 

Inulin  may  be  obtained  l>y  boiling  dablia-bulbs   in  water,  enough 
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calcnim  carbonate  lidng  added  to  neutralize  the  acid  reaction.  After 
filtering  and  eoiieentration,  inuliii  seiiaiates  from  the  extract  in  the  i\trm 
of  erystalsi.  By  boiling  with  dilute  add,  iuulio  is  eouvertecl  into 
lievtilose. 

(6)  Tbe  Glucoses,  or  GRATE-SunAR  Group  n(C,HijO*). — This  group 
comprises  grupe-sugar,  or  dextrose,  galaeluse,  inosile,  and  hevuloae,  or 
sugur  of  Irtiits. 

1.  Grape-Sugar  (CfiTr,aO,  +  11,0 ),^G rape-sugar^ or  filueoRe,  Is  widely 
distributed  tliroughout  the  vegetable  kingdtun,  as  a  nde  accompanying 
fruit-sugfir,  and  is  also  Tiuruifdly  fuurul  dissolved  iu  iiiauy  of  the  animal 
juices.  It  owes  its  name  to  its  being  round  in  graiies,  where  it  is  associated 
with  lipvulose.  It  rotates  the  pLuie  of  polnrize<l  light  to  the  right,  and  is 
consequently  designated  as  dextrose.  As  a  ]i  rod  net  of  the  net  ion  of 
tbe  diastatic  ferments  on  stareli  nud  the  meyority  of  tiie  earbodiyd rates, 
it  acquires  an  e8[>eeial  importance  for  the  animal  organism.  Grape-sugar 
also  occurs  in  the  vegetalile  kingdom  associated  vvitli  other  Iwdies  to  form 
glucoifideg^  from  which  it  nniy  l>e  se|>tirated  by  treatment  with  acids  or 
ferments.  Must  of  these  bodies  contain  only  C,  H,  and  O;  some,  such 
jis  solanin  and  amygdulin,  contairj  N  in  addition,  nnd  in  others  S  is  also 
found.  Grape-sngar  scbbmi  ocrurs  in  wt41-formt*d  crvstals,  lait  unlinarily 
in  crumbly,  white  masses^  which,  under  the  ndcroseoi)e,  are  seen  to  consist 
of  small,  rhoiulnc  tables.  It  has  a  sweetish  taste,  and  is  soluble  in  water 
and  alcohol.  At  100^  C  grape-sugar  melts  and  loses  its  water  of 
crystallization.  At  higher  temperatures  it  becomes  brown,  and  is  con- 
verted into  caramel,  Ciin,^0#.  At  fitill  higher  temperatures  it  is 
completely  decomposed  into  CO,  CO,,  marsh-gns,  acetic  acid,  acetone, 
^mldehytle,  and  other  products.  If  heated  with  a  stron«ij  solution  of 
caustic  potash  grape-sugar  decomposes,  with  heat  production,  into  lactic 
acid,  breiizcatechin,  formic  acid,  and  other  products,  accompanied  by 
the  development  of  a  brown  color.  If  nitric  acid  is  then  iid<led,  nn  odor 
of  burnt  sugar  and  formic  acid  is  produced.  Grape-sugar  is  readily 
soluble  in  water,  but  less  so  than  cane-sugar.  It  is  also  less  sweet  than 
Ciine^ugar,  It  is  very  slightly  solnltle  in  alcohol  and  insoluble  in  ether. 
Ghicose  combines  with  ditferent  acids  and  bases  to  form  glycosates  or 
fftccharates.  GraiJC-sngar  has  a  great  afflnity  for  oxygen,  and  it  is 
therefore  a  powerful  reducing  agent.  This  property  is  seen  in  the 
reduction  of  cupric  oicide  in  an  alkaline  solution,  and  has  been  made  use 
of  for  a  qualitative  and  quantitative  test  of  its  presence.  Thus,  if  one 
molecule  of  grape-sugar  is  mixed  with  five  molecules  of  cupric  sulphate 
and  eleven  molecules  of  sodic  liydrate  the  coi>i)er  will  be  |irecipitated 
completely,  and  the  filtrate  will  be  free  from  sugar.  In  watery  solutions 
grape-sugar  is  unstable,  since  it  is  reafUIy  deeompose^I  under  tbe  action 
of  ferments.     This  fermentation,  produced  under  the  influence  of  yeast 
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or  malt,  is  termed  alcoholic  fermentation,  antl  is  aecompanled  by  the 
development  of  carlwu  dioxide,  with  simdl  amounts  of  glycerin  and 
formic  ncid.  The  fer  men  tat  ion  caused  hy  the  laetic  acid  ferment,  or 
decomposing  nitrogenous  matter,  results  in  the  Uiial  developraeut  of 
butyric  aci4L 

Various  tests  have  been  proposed  for  the  qualitative  and  quantitative 
estimation  of  gra[ve-sut^ar.  Of  these  it  may  be  mentioned  that  in 
solutions  of  cuprie  hydrate  in  the  presence  of  free  alkalies^  when  subjected 
to  boiling,  grape-su^jar  reduces  the  cuprie  oxide  into  red  or  yellow 
anhydrous  cuprous  oxide  (Trominer'H  and  FL-hling's  test),  Basic  intrate 
of  bismuth  is  rtHluecd  by  grape-sugar  to  Ivismutb  oxide  {  Bottger's  test)* 
When  boileil  with  half  its  volume  of  liquor  potasste  gmpe-sugar  solutions 
acquire  a  bright-brown  color,  due  to  the  formation  i*f  melassic  acid.  If 
nitric  acid  is  now  added,  the  odor  of  formic  acid  is  evolved  (Moore's 
test).  For  the  methods  of  quantitative  estiraation  of  sugar  solutions 
and  further  dettuls  as  to  testbif^  for  sugar,  references  must  be  made  to 
text-books  on  physiological  chemistry. 

2,  Lmvulose As  with  dextrose  and  cane-sugar,  lievulose  is  also 

abundantly  distributed  through  the  vcgetalile  kingdom,  especially  in  the 
acid  fruits.  It  forms  a  colorlesB,  non-crystallizable  syrup,  with  almost 
as  much  sweetness  as  cane-sugar.  It  derives  its  name  from  itH  propert^^ 
of  rotating  the  plane  of  polarised  light  strongl}^  to  the  left  (at  15'^  C,= 
— 10*]"^).  It  is  as  |iowcrful  a  redueiiig  agent  as  grape-sugar.  When 
placed  in  ctuiiact  with  malt  it  undergoes  alcohohc  fcnucutiitiun  without 
iirst  being  converted  into  dextrose.  Ltevuh>se  is  also  formed  in  what  is 
teraied  the  inversion  of  cane-sugar.  When  cane-sugar  is  suKjeeted  to 
the  action  of  dilute  niinenil  acids^  or  the  intestinal  juices  of  animals,  it 
is  turned  into  the  so-called  inverted  sugar,  which  may  bi?  regarded  as  a 
mixture  of  equal  portions  of  dextrose  and  tjevulose. 

3.  Immife  (C\UijO« -[- 211,0), — Inosite  is  a  sacclmrine  body  which 
is  found  in  the  heart-muscle  and  in  most  of  the  organs  of  the  body, 
especially  of  the  horse  and  ox.  It  is  also  found  in  certain  plants,  es- 
jiecially  in  the  urjripe  fruit  of  the  Papiliofjaeej^.  luosite  cry^Udlizes  in 
long,  coh>rleHs,  cMloresceut  tables,  and  in  cabbage-like  aggregations, 
which  wlicn  dried  break  down  into  a  white  mass.  It  has  a  sweetish 
taste,  is  easily  s(»luble  in  water,  but  iusolyble  in  alcohol  and  ether  Its 
solutions  are  optically  inactive.  It  di>es  not  reduce  the  copper  test  for 
sugar.  It  is  incapnhle  of  undergoing  alcoholic  fermentation,  and  is  not 
decomposed  by  caustic  alkalies  or  weak  acids.  It  is  precipitated  from 
its  solutions  liy  lead  acetate  and  ammonia.  If  inosite  is  evaponitcd 
almost  to  dryness  on  a  strip  of  phitinnm-foil  with  nitric  acid,  and  the 
residue  moistened  with  a  little  ammonia  and  calcium  chloride  solution, 
and  again  evaporated,  a  beautiful  red  coloration  is  produced  (Scherer's 
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test).  By  means  of  this  test  it  is  claimed  tlutt  the  [)re8eiice  of  0.005 
grain  of  inoHite  may  Ix*  rei'oj^nized.  In  fanl{ii:t  with  tlceoiiJiJOKiijt;  orgHiiie 
matters  inosite  may  undergo  hietic  acid  or  butyric  acid  ll'i-mcntatioiu 

(c)  Saccoaroses,  or  Cank-Suoar  Group  n{C„H«Oii), — Tins  group 
comprises  saccharose,  or  canc-nugar,  lactnse  ur  milk-sugar,  maltose  or 
malt-sagar,  and  arabin,  found  in  gum  arnliie. 

1.  SaceharoaeyOr  (7aw<?-iS«sfar  (CuTIttOi^). — This  subBtance  is  found 
widely  distributed  throULrhoiit  the  venctiilde  kiufj:dom  in  tht-  juic**s  cif 
various  phuils,  trees,  and  fruits.  It  is  ilerivcd  from  ciiaiiges  oeriirring 
in  starek  ia  the  rijJcning  of  the  fruits.  Cane-sngair  is  said  to  he  the 
origin  of  all  forms  of  vegetable  su^ar,  wfiitdi  in  the  proeeBs  of  veLTctntiou 
IB  partly  broktn  up  into  ghicose  and  htnuhjse,  Cnne-sngjir  crystalli^cHi 
in  large,  colorless  rhomboidal  prisms,  which  are  sf>hible  in  onc-lhird 
their  weight  of  water,  the  solubility  iKnofj:  greatly  inereasiu'il  liy  heat; 
thus,  at  O'^C,  100  grammes  of  a  saturated  sngnr  solution  rontain  G5 
grammes  of  sugar  ;  at  14°  C,^  6(1  grammes  ;  and  at  40^^  C,  15,7;";  gmmmcs. 
The  solutions  of  cane-sngnr  rotate  the  plane  of  polarized  light  to  tlw; 
right  (  +  73.Ht)°);  with  various  metallic  isftlts  and  oxides  it  forins  ehcmical 
compounds,  wliich  are  termed  safebarntes.  When  carerull3^  heated  to 
ir»0°  C,  it  melts  into  a  clear,  pale,  yellowish  fluid,  which  on  cooling 
forms  a  transparent,  amorplu>us  mass — the  so-called  bnrley-sugar.  If 
the  temperature  of  1*10^  is  prolonged,  cane-sngar  is  transformed  iiilo 
lievulose  and  glucose.  Wlieii  subjected  to  a  higher  temperature  with 
m  oist  ure  m  ore  j  >  ro  To  u  n  d  ch  em  i  ea  1  c  h  a  n  ges  a  re  p  rod  ue  ed .  C  ai'  bo  n  d  i  o  x  i  d  e 
is  develo|)ed^  and  a  lirm,  earbonaccfHis  mass  containing  a  trace  of 
brenreatechiu  and  cnnimelin  may  rcsnlt.  In  the  dry  ilisti  I  lotion  of 
sugar  large  quantities  of  carbon  dioxide  and  small  quantities  of  csirbfui 
monoxide  and  marsh-gas  are  set  free,  while  the  distillate  eonlaius  aeL^rie 
acid,  as  well  as  substances  allied  to  ald*L'liyde  and  acetone.  Under  various 
circumgitances,  such  as  the  action  of  dilute  mineral  acids,  ferments,  and 
prolonge<!  heating  of  a  w^atcry  solution  in  a  closed  vessel,  cane-sugar 
liecomes  inverted;  that  is,  dividcil  Into  a  mixture  of  glucose  and 
lievulose. 

Cane-sugar  is  not  directly  fermcntsdile,  but  when  conveiled  into 
dextrose  and  Itevulose  may  then  undergo  fermentations  simihir  to  I  hose 
of  grape-sugar.  Cane-sugar  is  ca.^ily  acted  on  by  oxidizing  agents,  but 
less  readily  than  is  grayie-sugar.  It  does  Ufit  reduce  alkaline  cupric 
hydrate  solutions,  nor  is  it  ]>recipitatcd  by  acetate  of  lead,  although 
aftimonie  lead  acetate  preci[jitates  it.  Strong  sul]>huric  acid  elutrs  cjhu^- 
sugar,  but  dissolves  grape-sugar.  Cane-sugar  is  not  directly  assimihible 
Uy  the  animal  economy.  When  introduced  into  the  intestinal  canal  it  is 
flrwt  changed  into  invert  sugar  before  being  dissolved.  When  injected 
ito  the  veins  it  is  eliminated  unchanged  by  the  kidneys. 
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2.  Maltwse. — Maltose  is  the  form  of  sugar  which  resalts  from  the 
action  of  a  diastatic  ferment,  or  dilute  acids  with  heat,  on  starches.  It 
resembles  cane-sugar  in  many  respects,  but  has  the  power  of  reducing 
alkaline  solutions  of  cupric  hydrate,  although  its  reducing  power  is  one- 
third  less  than  that  of  dextrose.  It  rotates  the  plane  of  polarized  light 
strongly  to  the  right,  even  more  so  than  dextrose  (+150^).  It  is  capable 
of  undergoing  fermentation,  and,  through  the  action  of  dilute  acids  with 
heat,  may  be  converted  into  dextrose.  It  is  this  form  of  sugar  which  in 
all  probabiirty  invariably  results  from  the  digestion  of  the  carbo-hydrates 
in  the  animal  body  under  the  influence  of  an  amylolytio  ferment,  and  will 
be  again  alluded  to  in  the  chapters  on  Digestion. 

8.  Lactose^  or  Milk-Sugar  (CuHaOu+HaO). — Lactose  resembles 
cane-sugar  closely  in  its  properties,  but  is  more  stable,  and,  like  dextrose, 
has  the  power  of  reducing  the  sugar  tests.  It  rotates  the  plane  of  polar* 
ized  light  to  the  right,  the  degree  of  the  rotation  diminishing  with  the 
age  of  the  solution.  It  is  found  only  in  milk;  it  crystallizes  in  hard, 
white,  rhomboidal  prisms ;  is  soluble  in  six  parts  of  cold  and  two  and 
one-half  parts  of  hot  water ;  insoluble  in  alcohol,  ether,  and  only  slightly 
sweetish.  It  is  only  fermentable  with  difficulty.  It  will  again  be  alluded 
to  more  at  length  under  the  subject  of  Milk. 

4.  Arahin, — Arabin  is  capable  of  being  converted  by  means  of  dilute 
sulphuric  acid  into  a  sugar  which  is  termed  arabinose,  and  is  closely 
analogous  to  dextrose.  It  is  the  main  constituent  of  gum  arable.  It 
polarizes  light  to  the  right,  reduces  the  coi)i)er  sugar  tests,  but  is  in- 
capable of  fermentation. 

II.  Hydro-carbons,  or  Fats. — Fats  may  be  either  of  animal  or  vege- 
table origin,  and  occur  either  deposited  within  the  interior  of  cells,  or  in 
tbe  form  of  solution  or  suspension  in  animal  or  vegetable  Juices.  In  the 
animal  body  fat  is  especially  formed  in  the  cells  of  the  connective-tissue 
group,  either  through  fatty  degeneration  of  the  protoplasmic  cell-contents 
of  the  connective-tissue  corpuscles,  or  by  the  al)8ori)tion  of  fat  brought 
to  them  by  the  cells  by  a  vital  process  analogous  to  the  feeding  of  the 
amoeba,  or  the  absorption  of  fat  from  the  intestinal  canal  of  animals.  In 
the  formation  of  adipose  tissue  by  either  of  these  processes  the  proto- 
plasmic cell-contents  gradually  become  displaced,  the  nucleus  lying 
against  the  cell-membrane,  while  the  cell-contents  consist  mainly  of  a 
globule  of  oil.  During  the  life  of  the  organism  the  fatty  contents  of 
cells  are  always  of  a  fluid  consistence,  and,  in  the  case  of  animals,  only 
solidify  when  cooled  below  a  certain  point,  which  is  characteristic  of 
the  different  individual  fats.  In  the  vegetable  cell  the  fats  remain  per- 
manently fluid,  with  but  few  exceptions,  in  the  form  of  oils.  As  animal 
fats  solidif}',  a  partial  process  of  crystallization  into  groups  of  acicular 
crystals  often  takes  place.     When  within  the  interior  of  cells  fats  are 
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fltaine<l  lilaek  by  perosniic  acid  ;  this  reagent  is,  therefore,  a  tldicate 
ieroscopio  test  for  the  detection  of  fats»  and,  sinee  fat  is  a  ctmstunt 
nstitiieiit  of  nervous  tissue,  is  used  as  a  means  of  reeofrnizing  this 
tissue.  In  vegetable  cells  fat  is  partly  produeed  directly  from  CO,  and 
HjO.  and  also  tbrough  the  transrorniation  of  stareh  ;  tlie  latter  is  its 
mode  of  origin  m  oily  seeds  and  fruits  where  it  is  stored  up  until  required 
for  gL*rniination  and  growth. 

The  natural  fVits  are,  without  exception,  compounds  of  a  triatoniic 
dical,  propenyl  or  glyceryl,  euinhined  with  three  atoms  of  a  moriatointc 
fatty  acid,  namely,  either  palmitic,  stearic,  or  oleic  acids.  The  fats 
formed  by  the  union  of  these  acids  with  the  radical  glyceryl  are  te lined 
pahnitin,  stearin,  and  olein. 

A  few  fats  contain  other  glycerin  ethers,  such,  for  exaniitle,  as  r^ire 
fouDd  in  butter.  At  the  ordinary  temperatures,  fats  are  either  soliil,  like 
tallow;  semi-solid,  like  butter  and  lard  ;  or  fluid,  like  oils.  These  dilfer- 
euces  depend  upon  the  ditferenees  in  their  composition.  The  more 
feteiirin  or  palmitin  there  is  present,  the  more  the  (nis  tend  to  solidify  ; 
while  the  mom  olein  there  is,  the  more  fluid  are  they.  AH  fatty  bodies 
become  fluid  considerably  below  the  temijerature  of  boiling  water.  In 
the  pure  condition  fats  are  odorless,  tasteless,  and  of  alkaline  reaction. 
When  kejit  in  contact  with  the  air,  they  become  rancid  from  the  setting 
free  of  fatty  acids  and  the  oxidation  of  glyceryl,  with  the  resulting  ]iro- 
duction  of  volatile  fatty  acids  and  glycerin.  In  this  process  they  ac<|nire 
odor  and  taste,  and  have  an  acid  reaction.  Fats  have  a  lower  sjK*cific 
gravity  than  water.  All  fats  are  completely  insoluble  in  water,  but  when 
water  contains  bodies  sueh  as  gum  or  albumen  in  solution,  fats  will  then 
remain  mechanically  ftuspended  in  the  form  of  an  emulsion,  which  is 
merely  the  breaking  up  of  the  oil  into  minute  globules.  When  fluid,  fats 
render  paper  wldeh  is  coated  with  them  transparent  (grease-spots). 
Many  of  the  fats  are  soluble  in  alcnhol,  especially  when  hot,  and  all  are 
soluble  in  ether,  chlorofomi,  the  volatile  oils,  l^enzol,  and  carbon  disuU 
fihide.  When  fats  cotitain  small  quantities  of  fi\*e  fatty  acids  they  will 
form  a  permanent  eriiulHion  with  sodium  carbonate  solution.  This  prop- 
erty has  l>een  used  by  Briickc  as  the  means  of  <letecting  the  presence  of 

fatty  acids,  and,  in  all  probability,  the  production  of  an  emulsion  in 
the  digestion  of  fats  liv  pancreatic  juice  is  due  partly  to  this  fact.  When 
s  u  bj  ec  ted  to  d  ry  d  i  st  i  1 1  a  t  i  o  1 1 ,  a  e  n  i le  i  n  i  s  f o  r  m  e  d  i  n  co  u j  u  n  e  t  ion  w  i  t  h  o  1 1 1  cr 
acrid  and  aromatic  [products.  When  fats  are  boiled  w^th  alkalies,  soap 
is  produced  by  union  of  the  ft  1  kali  with  the  fatty  aeid,  forming  a  soluble 
salt,  or  SiMip.  while  glycerin  passes  into  solution.  The  gl3'cerin  may  like- 
wise be  dis[xlaced  by  inorganic  bases,  such  as  lejid,  and  glyceryl  hydrate 
or  glyceryl  alcohol  (glycerin)  is  produced.  This  replacement  of  glyceryl 
hy  other  bases  is  termed  sapouilication.     The  presence  of  glycerin  may 
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be  recognized  hy  the  development  of  acrolein  when  boiled  wlih  gkdal 
phosphoric  acid.  Under  the  influence  of  certidn  ferments  &t8  split  up 
into  glycerin  and  a  fatty  acid  by  combining  with  the  elements  of  water, 
thus:^ — 

C,H,(OC,.H.iO),+  8H,0  =  C.H5(0H),+  8(CieH„0,0H).      • 
Trlpalmitiiu  Water.  Glyoerin.  Patmitio  Acid. 

The  composition  of  the  four  principal  fats  is  represented  in  the 
following  formulae  :-^ 

Glycerin,  CgHsCOH),. 


Stearin. — Stearin  is  the  chief  constituent  of  the  more  solid  fa^ 
Its  melting  point  varies  between  53^  and  66^  C.  It  is  insoluble  in  cold 
alcohol  and  in  ether,  but  is  soluble  in  both  when  boiled.  It  never  occuia 
in  the  vegetable  fats.  It  crystallizes  flrom  boiling  alcoholic  solutions  ia 
brilliant  quadrangular  plates. 

Palmitin. — This  fat  is  the  chief  component  of  the  animal  fats,  but 
also  is  largely  found  in  fats  of  vegetable  origin.  It  is  more  soluble  in 
cold  and  hot  ether  and  alcohol  than  is  stearin.  Its  melting  point  is 
45^  C.    It  crystallizes  in  fine  needles. 

Olein. — When  pure,  olein  is  a  colorless  oil  which  is  fluid  at  the 
ordinary  temperature  and  solidifies  at  0°  C.  When  exposed  to  the  air 
it  absorbs  oxygen  and  becomes  yellow.  It  dissolves  all  other  fats, 
especially  at  30^  C.  It  is  soluble  in  cold  absolute  alcohol  and  ether. 
It  is  more  abundant  in  vegetable  than  in  animal  fats. 

Butyrin, — Butyrin  is  found  in  butter.  It  is  a  pungent  liquid ;  and 
when  it  decomposes,  butyric  acid,  to  which  the  odor  and  taste  of  rancid 
butter  are  due,  is  set  free. 

Spermaceti  is  found  in  the  cranial  sinuses  of  whales,  and  is  a  deriva- 
tive of  cetyl  alcoliol  (CmH„)0.  This  is  a  solid  body  which  melts  at 
50°  C,  and  when  saponified  yields  in  addition  stearic,  mj'ristic,  and 
lauric  acids. 

Bees-wax  is  also  a  form  of  animal  fat,  which  is  likewise  capable  of 
saponification,  the  radical  here  being  cetyl  alcohol.  Waxes  possess 
many  points  in  common  with  the  fats,  but  are  not  acted  on  by  the 
digestive  juices, 

Margarin, — Formerly  this  name  was  given  to  a  substance  which  was 
supposed  to  be  a  special  fat,  but  which  is  now  known  to  be  a  mixture  of 
stearin  and  palmitin.  It  occurs  in  the  form  of  needle-like  crystals  which 
are  often  found  in  the  interior  of  fat-cells,  and  which  were  supposed  to 
be  a  glycerin  ether  of  a  hypothetical  acid, — margaric  acid. 
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c. 

IT. 

0, 

77.07 

11.69 

11.24 

7ii  m 

ll.OO 

iL-^i* 

7«,«l 

12.  Oa 

11. m 

1(5.54 

11. U4 

11.12 

76.tJ;i 

V2.m 

11.B2 

70.5*J 

TUe  Average 

11.44 

70,5 

12.0 

1L5 

The  percentage  composition  of  the  anhniil  fht8  varies  only  within 
narrow  limits : — 

HoTse-fat,  *        .        *        . 

€lx           '  .... 

Sheep  "  .... 

Pig       -  .       .        .        , 

Dfjg      *'  .... 

Cat       *'  ,        .        .        , 


Fonmila,  C,,llg^0^, 

Of  the  flitTcrent  domestic  nnimals,  hor.^e-fHt  is  yellow,  and  begins  to 
melt  ut  30^  C.  Its  essential  com|>oni^nt  is  olein.  0x4kt  roiitahis  prin- 
cipally stearin  and  imlnritin,  and  but  little  olt'in.  It  is  iv'hite,  melts  at 
43'-^  C,  and  solidilies  after  melting  at  M'^  or  3T^  C,  MtJtton-fat  contains 
princiimlly  stearin.  Its  melting  point  is  40^,  It  solidifies  ot  from  35°  to 
40^  C.  Fi*r*fat  is  white,  and  contains  hinjre  qnantities  of  olein  ;  melts 
at  41*^,  and  solidilie*^  aftt^r  loeitinix  at  about  30'^  C. 

Adipose  tissue  is  made  up  as  follows : — 


Ox, 

Sheep, 
Pigp 


Wiiter. 

10.48 
6.44 


Mom  lira  rn*9, 
MO 
1.04 
1,35 


Fut, 
8H,H8 
87  88 
02.21 


C.    INOliGANIC   CELL-CONSTITUENTS.* 

The  inorganic  constituents  of  t'clls  enter  them  already  formed,  and, 
m»  a  rule,  leave  them  without  nnder<romg  change.  About  the  onlj' 
exceptions  to  this  statement  are  found  in  the  case  of  carbon  dioxide, 
tiie  water  formed  by  oxidation  of  the  hydrogen  of  organic  eomiKninds, 
ad  the  sulphur  of  %'arious  excretory  products^  which,  eliminated 
Ihrongh  the  intestines  and  kidneys,  originates  in  tiie  snljihur  of 
albnminous  com  j  rounds.  The  inorganic  cell-const  it  uenLs  dill'er  in  no 
way  from  similar  compounds  found  elnewhere.  Tlic,y  originate  in  tho 
earth  and  atmosphere,  become  constituents  of  vegetable  organisms, 
and  then,  through  absorption  in  foods,  enter  into  the  composition 
of  animal  bodies.  Tlie  amount  of  inorganic  nuitter  fnund  in  ceils, 
iDcluding  of  course  water,  is  greater  in  weight  than  the  organic  cell- 
constituents.  The  inorganic  constituents  may  exist  in  the  form  of 
water,  salts,  gases,  anfl  certain  elenientH  whose  exact  nnnle  of  combina- 
tion has  not  yet  Wen  thoroughly  deternnued.  Ail  the  inorganic  constit- 
uents of  the  body,  in  some  period  of  their  existence  as  such,  are  in  the 
form  of  solutions.     They  enter  the  organism  in  ftolution*  are  deposited 

♦  In  the  pn'paratlon  of  this  ecrtlon   tbe  autbor  U  capecially   ludebted  to  Gorup- 
Be^aaex,  **  Lehrbucli  der  PUjeiologi&cliea  Chemlc." 
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as  constituents  of  tissues  perhaps  in  the  solid  or  even  crjBtalline  form, 
but  are  again  eliminated  from  the  body  in  solution ;  this  applies  not  only 
to  the  salts,  but  also  to  the  gases  and  acids.  Many  of  the  physical  prop- 
erties of  various  tissues  depend  almost  solely  upon  their  inorganic 
constituents.  In  this  connection  it  is  only  necessary  to  mention  the 
bones  and  teeth.  Wherever  cell  growth  is  taking  place  certain  salts  are 
essential,  since  no  form  of  protoplasm  is  able  to  carry  on  its  existence 
without  a  supply  of  salts,  the  nature  of  which  may  differ  in  the  case  of 
different  cell  forms;  thus,  for  example,  calcium  salts  are  not  only 
essential  for  the  development  of  the  bone«ells,  but  accompany  the 
albuminoids  of  all  growing  tissue ;  blood-corpuscles  require  iron  and 
potassium  phosphate,  and  all  forms  of  cell  growth  require  sodium 
chloride. 

1.  Water  (H,0). — Of  the  inorganic  constituents  of  cells  water  is  by 
&r  the  most  abundant,  and  is  the  most  important  In  iSu^t,  all  organisms 
may  be  said  to  live  in  water ;  for  if  their  entire  body  is  not  surrounded  by 
water,  all  contain  water  in  large  amounts,  and  all  their  vital  processes  are 
dependent  on  watery  solutions.  Water  is  destined,  by  entering  by  imbi* 
bition  into  solid  tissues,  not  only  to  preserve  the  physical  condition 
which  is  essential  to  the  preservation  and  manifestations  of  the  vital 
phenomena  of  protoplasm,  but  it  holds  in  solution  many  of  the  salts 
essential  to  the  vital  processes  of  the  econom}'.  It  also  constitutes  a 
large  proportion  of  the  fluids  of  the  body,  such  as  the  blood, lymph,  chyfe, 
and  secretions.  It  is  in  greater  amount  in  embryonic  tissue,  and  decreases 
as  adult  life  and  old  age  are  reached.  In  the  higher  animals  it  may 
exist  in  70  \yer  cent,  or  more,  while  in  some  of  the  lower  forms  of  life  as 
much  as  90  per  cent,  may  be  reached.  The  amount  of  water  in  different 
organisms,  and  in  the  same  organism  at  different  times,  is  subject  to 
very  great  variation.  It  not  only  constitutes  the  great  part  of  the  secre- 
tious  of  the  animal  body,  but  it  also  forms  a  large  proportion  of  even 
the  densest  tissues  of  the  animal  or  vegetable  body.  Thus,  in  the 
enamel  of  teeth  two-tenths  of  one  per  cent,  of  water  is  present,  while  in 
dentine  10  per  cent,  and  in  bones  22  per  cent,  of  water  is  found. 

The  following  table  represents  the  amount  of  water  in  1000  parts  of 
different  animal  tissues : — 

Organs.  Water.  SoUds. 

Enamel, 2  998 

Ivoiy 100  900 

Bone. 216  784 

Fat 299  701 

Elastic  tissue 496  504 

Cartilage, 550  450 

Liver 693  807 

Bone-marrow. 697  808 

White  brain -substance, 700  800 
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Organs.  Water.  HoHdB. 

8kin 720  2H0 

Bntin, .  750  2^*0 

Muscles, 757  243 

Spleen ,  7ns  242 

Tlijmus ,        .  770  230 

Nerve* 78Q  220 

Connectire  tissue 790  204 

Henrt,          .         , 792  208 

Kidneys.     .....,,.  827  178 

Gmy  hniin'!*ul»Btniice 858  142 

Vilreoys  body iJ87  13 

FIuwls.  Water.         B«aida. 

Blood 791  em 

Bile.    ,        ,         . W14  \M 

Milk mi         urn 

Plasma, mil  IKJ 

Cbvie, \m  72 

Lyiuph UK8  17 

Seroiih  fluids,      ,.,,,.»  W59  41 

Gnstric  juice.     .......  1I7!S  27 

Inte^litjul  j\iiri\         .,,...  975  25 

Teiin*.         * 082  18 

Aquerius  liurjior, 98U  14 

Cere»iro-gi)inul  Muid,  ,.*...  0H8  13 

8nlhu, mm  5 

Swcmt. mw  5 

The  eoiulition  of  semi-solidity  of  orgnrite  lissuefl,  wliich  we  found  to 
be  80  esseiitiftl  to  tlte  mriyitij;  out  of  tlju  pliysiriil  imxH^Hhos  in  vM  life, 
is  rijndereil  i»ossibk'  hy  the  finicnuit  t>f  Miitcr  and  the  t'ondition  in  which 
it  is  helil  by  the  difl'erent  ccdls.  A  remarktible  fact  in  connection  with 
the  fuimner  in  wbicdi  water  in  held  hy  the  aninnil  nr|rntiism  is  that  there 
m-e  certiiin  tiKtiues  nnd  or^nuiH  in  wbieli  tlie  nercenta<^e  of  water  found  is 
in  excess  of  the  percentage  of  Holidn,  without  the  organs  nssmning  the 
fluid  form;  indeed^  ai^aiii^  there  are  certain  send-solid  orpins  whose  per- 
'^eeiitage  of  water  in  even  greater  than  that  of  the  aianinl  tluiils  ;  thns^  the 
kidneys  eoiitsiin  a  larger  pereentaji^e  of  water  even  than  the  bhjod.  This 
shows  therefore  that  tlie  manner  m  which  the  water  is  held  Ijy  suah 
tissues  must  1k3  ditferent  i'rnm  that  in  which  it  exists  in  ttie  aninud  tin  ids, 
where  it  occupies  more  or  less  tlie  role  of  a  medinm  of  solution.  The 
€?on8i9tence  of  many  fluids  in  tlie  animal  body  is  not  det>endent  so  much 
on  the  amount  of  water  present  as  on  the  nature  of  tlie  suhstanceH  which 
are  in  solution;  thus,  miieus  has  a  consi<lerahly  lar*rer  iiercentage  of 
water  than  blood,  and  yet  is  apparently  a  denser  fluid.  As  already  de- 
scribed in  the  section  on  Physical  Pr^jcesses  in  Cells,  the  water  of  the 
l0emi-soLid  organic  bodies  enters  their  elementary  intermoleenlur  spaces, 
^and  it  is  a  pecidiarity  of  organize*!  boiliea  that  they  may  aljsorb  a 
quantity  of  water  greatly  in  excess  of  their  own  weight  without  losing 
their  semi-solid  condition.  In  such  cases  it  is  not  water  alone  that  is 
absorbed,  but  water  always  containing  diU'erent  inorganic  salts  in  solution. 
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A  certain  part  of  tlie  water  foiuul  in  animal  tissues  is  ladtl  in  com- 
1h  nut  ion.  as   in  water  of  cryMallization^  both  in  organic  and   inorganic 
molecnlcs.     TbiB  amonnt   is^  however,  inconsiderable  us  contmsleil  wiili 
tliat  lickl  in  other  manners.     Water  is  also  found  as  a  vapor  in  tlie  air  ■ 
contained  in  tbe  respinitory  organs  of  animal**. 

By  fur  the  greater  part  of  the  water  runinl  in  the  animal  and  vege- 
table IkhIv  has  entered  from  without;  in  the  former  case  through  the 
food  and  drink,  and  in  the  latter  from  rain  or  from  the  al*sor|>tion  of 
nioistnre  from  the  soil.  In  tlie  case  of  the  animal  bo<ly  a  eertain  amoimt 
of  water  is  apparently  formed  witliin  the  animal  economy,  81  nee  it  has 
been  fonnd  that  nnder  certain  ci re om stances  the  amount  of  water}'  vapor  ■ 
exhaled  thron<xh  the  lungs  and  skin^and  that  passing  through  the  kid-  f 
neys  and  intestines,  is  in  excess  of  the  amonnt  of  water  taken  internally, 
the  body  still  preserving  its  uniform  weight  Again,  as  we  shall  find  in 
considering  the  subject  of  respiration,  the  vohune  of  carbon  dioxide 
eliminated  throuirb  the  lungs  is  smaller  than  the  amount  of  oxygen  taken 
into  the  blood  in  inspiration.  Ten  to  twenty-five  per  cent,  of  oxygen 
disappears  iu  this  manner,  and  must,  therefore,  have  formed  other  com- 
binations in  the  body  tliaii  those  whose  end  tu'oduet  is  CO,.  Since  it  is 
readily  eoneeivable  that  the  hydrogen  of  liydrogen  compounds  is  set  free 
quite  as  readih*  as  the  carbon  of  cjxrhou  componnds,  a  eertiiin  amount 
of  this  hydrogen  may  evidently  unite  with  oxygen  to  form  water,  not  by 
a  direct  oxidation  of  the  hydrogen,  but  through  the  gradual  union  of 
the  oxygen  with  a  long  series  of  oxidation  products  whose  terminal  is 
TT|0,  just  as  COg  results  from  the  final  union  of  oxygen  and  carbon,  and 
not  by  a  direct  oxidation  of  carlion  in  the  animal  body.  Such  an  origin 
uf  water  in  the  economy  is  further  supported  by  the  fact  that  the  amount 
of  hydrogen  contained  in  organic  Cfnni>onmls  in  tljc  excretions  is  less 
than  that  which  is  contained  in  similar  comlii nations  in  t!ie  fofkl.  Thus, 
it  has  lieen  estimated  that  a  man  receives  daily  forty  grammes  of  hydrogen 
in  organie  combinations  with  the  food,  while  only  six  grammes  are  dis- 
charged in  such  condiinations  in  the  excretions;  hence,  thirtydbnr 
grammes,  or  about  H5  per  cent,  of  the  hydrogen  so  introduced,  remains 
nnaecountcfl  for.  Since  hydrogen  does  not  leave  the  body  as  a  vapor, 
nor  in  an}*  notable  amount  in  any  other  inorganic  compound  but  water, 
the  surplus  must  be  converted  into  water.  Tlie  estimates  are  that  in 
man  aljout  three  hundred  grammes  of  water  are  formed  daily  in  this 
way, — probably  from  the  decomposition  of  carbo-hydrates  where  hydro- 
gen and  oxygen  are  jiresent  in  the  proportion  to  form  water. 

Organisms  not  oidj  live  iu  water,  l*ut  I  hey  may  be  said  to  live  in 
running  water  (Hoppe-Seyler)  j  for  they  are  continually  taking  in  water, 
which  may  contain  other  food-stuffs  in  solutions,  and  are  continually 
eliminating  water  which   contains  the  products  of   their   tissue- waste. 
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Plurts  get  rid. of  water  through  evaporation  flrom  their  entire  external 
lar&oe,  wlille  water  ia  abaorbed  by  their  roota. 

Water  learea  the  animal  body  tliroagh  the  kidneys,  skin,  lungs,  and 
iitefltiiiea,  that  passing  daily  through  the  kidneys  being  about  half  of  the 
total  amount  of  water  eliminated.  The  relative  proportion  between  the 
anoants  eliminated  by  these  organs  is  subject  to  very  great  variation,  and 
depends  upon  numerous  external  and  internal  conditions,  which  will  sub- 
leqiiently  be  alluded  to.  It  may,  however,  be  here  mentioned  that  of  the 
nter  taken  as  food  but  a  small  amount  leaves  the  body  in  the  faeces ;  in 
mn  the  amount  so  eliminated  is  only  4  per  cent.,  while  the  remaining  96 
per  cent  leaves  the  body  through  the  kidneys,  lungs,  and  skin.  Water, 
therefore,  does  not  simply  pass  through  the  alimentary  canal,  but  is  ab- 
sorbed by  its  mucous  membranes,  enters  the  blood,  and  thence  becomes 
aconBtitnent  of  the  different  tissues. 

Water  is  a  necessary  solvent  for  various  organic  and  inorganic  con« 
Btitnents  of  the  body,  and  it  aloue,  by  entering  into  the  con<lition  of  im- 
iHbitioii  in  the  tissues,  enables  the  various  ph^^sical  and  chemical  proc- 
eaaea  which  constantly  occur  in  cells  to  take  place,  and  occasions  their 
Bemi-solid  state,  their  elasticit}- ,  flexibility,  and  transparency.    Through 
itaeraporation  firom  the  external  sur&ce  and  through  the  lungs  it  serves 
to  abstract  heat,  and  therefore  is,  to  a  certain  extent,  a  temperature  regu- 
htor.   As  water  is  an  essential  constituent  of  organic  iKxlies,  its  loss, 
which  18  constantly  taking  place,  must  be  continually  replaced ;  in  the 
higher  animals  a  demand  for  an  increased  supply  of  water  is  indicated 
bv  what  is  known  as  thirst.     Tliis  will  subsequentl}'  demand  consideration. 
The  removal  of  water  from  lower  forms  of  cell  life  entirely  suspends 
*n  evidences  of  vitality ;  through  desiccation  life  in  such  forms  is  said 
to  be  rendered  latent.     A  renewed  supply  of  water  will  again  restore  all 
the  phenomena  of  cell  life.     None  of  the  higher  plants  or  animals  can 
support  loss  of  water  beyond  a  very  moderate  amount  witliont  causing 
permanent  loss  of  vitality ;  seeds  and  infusoria  ma^-  be  com])letely  dried 
Md  recover  their  vital  properties  wlien  supplied  with  heat  and  moisture. 
Altljongh  water  is  an  essential  constituent  of  all  cells,  it  may,  neverthe- 
less, act  as  a  poison  if  absorbed  in  too  great  amount. 

Protoplasm  of  all  kinds  is  killed  by  immersion  in  distilled  water ; 
this  fact  may  be  partly  due  to  tlie  diffusion  currents  wliieh  arc  tlius  in- 
augurated, the  essential  salts  being  removed  from  the  protoplasm,  and 
their  place  lieing  taken  by  water. 

Freezing  of  various  parts  of  plants  and  then  subjecting  them  to 
rapid  thawing  by  exposure  to  the  rays  of  the  sun  causes  their  death  by 
first  abstracting  water  from  the  solids  and  causing  its  aggregation  in  a 
crystalline  form,  and  then  by  sudden  melting  causes  drowning  out  of 
neighboring  parts  while  more  remote  portions  still  suffer  from  want  of 
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wiiter.  If  the  thawing  is  slowl}'^  accomplished  the  water  has  time  to  dit* 
fuse  and  restore  the  normal  condition  of  imbibition.  In  this  way  is  to 
be  explained  the  fact,  which  may  be  frequently  observed  in  cold  spring 
and  autumn  mornings,  that  of  the  parts  of  plants  which  are  frozen  those 
which  are  exposed  to  the  direct  rays  of  the  sun. are  killed,  while  those 
which  are  protectetl  from  the  sun's  heat  thaw  out  gradually  and  regahi 
their  vitality.  So,  also,  red  blood-corpuscles  may  be  frozen  and  gradu- 
ally thawed  without  being  destroyed,  but  if  rapidly  thawed  are  dissolved. 
On  this  fact,  undoubtedly,  rests  the  practical  point  that  frozen  animal 
parts  must  not  be  rapidly  warmed,  but  have  their  circulation  only  gradu- 
ally restored  ;  hence,  the  common  practice  of  rubbing  with  snow. 

2.  Sodium  Chloride  (NaCl). — Of  the  saline  constituents  of  cells 
sodium  chloride  is  the  most  widely  distributed,  and  is  present  in  larger 
amount  than  any  other  salt  in  all  the  tissues  of  the  animal  body,  with 
the  exception  of  the  bones,  teeth,  red  blood-corpuscles  and  striated 
muscle-cell.  It  is  especially  worthy  of  notice  that  the  amount  of  sodium 
chloride  in  most  organs,  especially  in  the  blood,  is  almost  constant  and 
is  independent  of  the  amount  of  this  salt  contained  in  the  food.  Its 
distribution  in  the  body  is  also  remarkable.  In  the  blood-plasma  it  is 
abundant,  while  it  is  almost  absent  from  the  blood-corpuscles  which  are 
suspended  in  the  plasma.  It  is  abundant  in  chyle,  lymph,  saliva,  gastric 
juice,  mucus,  and  pus,  and  is  present  in  only  small  quantity  in  muscle^ 
juice  and  many  glands.  Sodium  chloride  is  present  in  the  form  of  a 
solution  in  water,  and  in  the  removal  of  the  fluids  from  the  semi-solid 
tissues  by  pressure  the  greater  part  of  the  salt  is  taken  away  with  the 
water.  The  relative  proportion  of  sodium  and  potassium  chlorides  in 
different  parts  of  the  animal  body  is  about  as  follows: — 

Quantity  of  Sodium  and  Potassium  Ciilorides  in  1000  Parts  in  the 

NaCl.  Ka. 

Bones 7.02 

Hlood, 2.70  2.a5 

Bile 5.58  0.28 

Gastric  juice, 1.45  0,55 

Sweat, 2.23 

Saliva, -.1.53 

Milk 0.87  2.13 

Lymph 5.07 

Sebaceous  matter, 5.00 

Urine 11.00  4.50 

Pancreatic  juice, 7.35  0.02 

All  the  sodium  chloride  found  in  the  animal  body  has  entered  it 
from  without.  It  leaves  the  body  in  the  urine  and  excrement,  perspira- 
tion, nasal  and  buccal  mucus.  By  far  the  p:reater  part  is  eliminated 
through  the  urine,  though  the  total  amount  eliminated  falls  short  of  that 
taken  in  the  food.     A  certain  amount  of  the  sodium  chloride  taken  in  as 
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food  uficlcrgoes  eliemical  ilecomfiosition  in  the  l»od>%  as  will  !k^  flllodcd 
to  iu  the  siihject  of  Nutrition.  Tliiis^  the  |Kitasshim  ehloriih*  of  iijuscjes 
and  red  hluod-curiniscles  appfireiitly  origiiiiites  in  a  doiiljlti  ducumpusition 
of  sodium  chloride  and  |>ota**sium  pbosphtite  into  sodium  phosj>hute  mid 
ix>ta&8ium  chloride,  Pos^sibly  thi^  hydrochloric  acid  uf  llie  gastric  juiec 
aod  the  Hoditim  !?alt3  of  the  hilc  have  similar  origins. 

Soiliiim  chloride  is  absolutcl}*  cBseiitial  to  the  nmidfestation  of  life; 
in  n  physical  sense,  it  is  of  great  inij»nrtjince,  from  the  influence  winch  it 
exerts  over  «nttii!iiun,  I wirtictihirly  in  Ihe  <lcgrce  of  ahsorptiun  from  the 
aliinentary  canal.  The  c^niditions  which  follow  the  deprivation  of 
8rj<1inm  chloride,  and  a  more  detailed  account  of  its  rehitions  to  the 
milritive  i)roce8Hes  and  body  will  again  Ue  referred  to  more  at  length 
under  tbe  sulijet*t  of  Xntrition. 

3.  FoTAssivM  Chloride  (KCl). — Potassium  chloride  h  usnally  a 
coini>anion  of  tiodiiim  chloride^  although  in  certain  tissues,  such  as  the 
red  bloo<l-c*orpUi<cIcs,  and  in  mnsclcH,  it  occurs  in  greater  annum t  than 
tbe  sodium  salt,  while  it  is  aUuost  absent  from  the  hloud^tluHma,  where 
A  slight  excess  of  potassium  salts  ap{>t^^t*B  to  act  as  a  poison  to  tlie  heart, 
A  similar  toxic  eflect  is  also  exerted  by  potassium  chloride  on  muscles 
and  nerves. 

In  the  herbivora  potassium  chloride  is,  as  a  rule,  in  excess  over 
^^M^inm  chloride*  The  salivary  glands  and  kidneys  appear  to  be  the 
P^piecial  organs  for  its  eliminution. 

4.  Sodium  and  Potassium  Carbonatks  (CO,Nn,,  CO,\aU,  3(C0,)- 

Vfi^lT,,  CO,K,.  COjKII). — These  salts  are  found  in  the  ash  of  various 

organic  substances,   where    they    lutve    probably   orighnited    from   the 

d«;eomposttion  of  various  organic  acid  compounds  of  swlium  an<i  potas- 

Mum*    In  various  animal  juices,  however,  and  esfwcially  in  the  blood 

and  urine  of  herlnvorous  animals,  and  in  the   bluod   of  the  omnivora^ 

**>diiim  and    puU^ssium  carlxjuates   exist   already  formed.     When  car- 

i^H'nrous   animals   are   fed    on    a   vegetal »le   diet   their   urine   contains 

considerable  quantities  of  carbonates  of  the  alkalies,  resembling  thus  the 

vrnue  of  herbivorous  animals  in  reaction  and  constitution ;    it  will   be 

*^kaljne  in  reaction,  turbid^  and  deposit  a  calcareous  sediment,  instead  of 

l><-ingacid  and  <'lear,  as  is  normally  the  case  in  the  urine  of  caruivora» 

It  in  nUo  interesting,  in  this  ctuinectiou,  to  notice  that  the  urine  of  the 

s'lt'kliug  calf  l»efore  being  weaned  is  clear  and  acid  ^  as  among  carnivora ; 

wliL'O  the  calf  is  placed  on  a  vegetable  diet  the  urine  becomes  turbid 

•nd  alkaline.     Further^  if  lierhivorous  animals  are  allowetl  U>  fast,  their 

urine  Ijecomes  acid  and  clear,  for  they  are  then  living  at  the  expense 

of  tbdr  own  tissues,  and  are  practically  carnivorous.     Sodium  carbonate 

b  also  found  in  the  lymph  and  the  parotid  saliva  of  the  horse. 

These  saltSj  when  found  as  constituents  of  animal  cells  and  flulda, 
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come  in  part  from  without,  and  are  in  part  formed  within  the  organism 
through  oxidation  processes  occurring  within  the  body.  Thus,  after  the 
ingestion  of  various  vegetable  matters  containing  vegetable  acids  the 
urine  of  omnivorous  animals  becomes  alkaline  through  the  elimination 
of  carbonates  of  the  alkalies,  thus  explaining  the  alkaline  reaction  of 
the  urine  of  these  animals.  Carbonates  of  the  alkalies  so  formed  in  the 
animal  lH>dy,  or  when  taken  in  foods,  may  be  eliminated  in  this  manner 
through  the  urine,  or  they  may  themselves  undergo  decomposition,  and 
their  carbon  dioxide  be  eliminated  through  the  lungs.  When  present  in 
solution  they  seem  to  assist  in  the  various  processes  of  oxidaticm  i 
occurring  in  the  body;  they  appear  to  assist  in  the  emulsification  of  Ikts, 
and  in  the  blood  the  neutral  carbonates  of  the  alkalies  appear  to  serve 
iu  part  as  carriers  of  the  carbon  dioxide  of  the  blood.  Tliey  further 
may  modify  the  physical  processes  of  diffusion  occurring  within  the 
organism. 

5.  Calcium  Carbonate  (COgCa). — Calcium  carbonate  is  a  normal 
constituent  of  the  shell  of  birds'  egg's,  of  the  bones  and  teeth,  the  urine 
of  herbivorous  animals,  the  parotid  saliva  of  the  horse,  and  is  the  prio- 
cipal  constituent  of  the  so-called  otoliths,  or  the  small,  inorganic  masses 
found  in  the  internal  auditor}'  organs  of  man  and  different  animals.  Id 
the  animal  body  it  is  partly  in  a  state  of  solution  and  partly  deposited 
in  the  solid  form.  In  the  former  condition  it  is  found  in  the  urine  and . 
saliva  of  the  herbivora,  where  its  solution  is  rendered  possible  by  carbon 
dioxide.  In  the  solid  form  it  is  deposited  either  iu  amorphous  or  crj'S- 
talline  form,  as  in  deposits  of  sediment  in  the  parotid  saliva  of  the  dog 
and  in  tlie  urine  of  herbivora.  It  originates  from  without,  either  in  the 
water  taken  internally  or  as  a  carlK>nate  in  vegetable  food.  The  latter 
explains  its  abundance  in  the  urine  of  the  herbivora,  where  the  calcium 
salts  of  organic  acids  are  decomposed  into  carbonates.  Onl}-  a  part  of 
the  calcium  carbonate  which  enters  the  organism  from  without  leaves  it 
as  such.  In  man}*  cases,  as  in  man,  it  undergoes  decomposition  into 
calcium  phosphate.  Its  importance  for  the  animal  economy  is  not  thor* 
oughly  understood. 

6.  Magnesium  Carbonate  (CO.Mg). — This  salt  is  frequently  a  com- 
panion of  calcium  carbonate,  particularly  in  the  urine  of  herbivora.  ItB 
presence  in  bony  tissue  is  apparently  doubtful.  It  has  been  found  ix^ 
human  urinary  calculi,  but  only  in  small  amounts.  The  herbivorous  an  I' 
mals  in  their  food  nearly  always  absorb  considerable  amounts  of  viBg" 
nesium  phospatc,  and  since  this  salt  is  absent  from  their  urine  it  wonl^ 
appear  that  the  magnesium  carbonate  is  formed  in  the  animal  Ixnly  ftx)itt 
the  magnesium  phosphate  of  vegetable  food. 

7.  Alkaline   Phosphates    (PO^Xn,,   PO^XajH,   PO^XaH,,  P04K,t 
P04Ktn,  PO«KIIa). — Phosphates  of  sodium  and  potassium  are  constant 
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constituents  of  all  animal  fluids  and  tissues.  In  the  ash  of  the  blood  of 
the  herbivorous  animals  a  smaller  amount  of  the  alkaline  phosphates  is 
found  than  in  the  carnivonu  Grain-eating  animals  show  a  larger  amount 
of  phosphatie  salts  in  the  ash  of  their  blood.  Omnivora  occupy  a  mean 
between  the  two.  On  account  of  their  great  solubility  in  the  organism 
the  phosphates  must  nearly  always  exist  in  the  form  of  a  solution,  espe- 
ciall^Mn  the  acid  fluids, as  in  urine,  muscle-juice,  and  the  parenchymatous 
fluids  of  certain  glands.  In  muscles,  together  with  lactic  acid,  they 
occasion  the  acid  reaction  of  the  muscle-juice. 

Phosphates  are  taken  into  the  animal  body  with  food,  though  they 
may  also  doubtless  originate  in  the  blood  through  a  double  decom- 
position of  potassium  phosphate  and  sodium  chloride  into  sodium  phos- 
phate and  potassium  chloride.  The  alkaline  phosphates  leave  the  body 
through  the  kidneys  and  intestines.  The  former  is  the  case  especially  in 
the  urine  of  the  carnivora,  where  it  forms  twelve-thirteenths  of  the 
total  amount  of  these  substances  eliminated.  In  the  urine  of  the 
herbivora  but  small  amounts  of  phosphates  are  found,  in  spite  of  the 
fact  that  in  their  food  phosphates  of  the  alkalies  and  earthy  phosphates 
are  invariably  present.  This  is  to  be  exi)lained  by  the  supposition  that 
the  salts  of  the  organic  acids,  witli  the  alkaline  earths,  undergo  decompo- 
sition into  earthy  phosphates  and  carbonates  of  the  alkalies,  the  latter 
being  eliminated  through  the  urine.  From  their  great  abundance  and 
wide  distribution  in  the  animal  economy,  it  follows  that  they  must  be  of 
great  importance. 

The  phosi)liate  of  potassium  is  especijilly  abundant  in  the  Mood- 
cells,  ovum,  and  in  muscular  tissue.     In  the  latter  case,  combined  with 
Ijictie  acid,  it  is  the  main  cause  of  their  acid  reaction,  wliile  phosphate 
of  sodium  is  found  in  blood-plasma.     Tliese  salts  enter  the  organism  as 
constituents  of  food,  either  in  the  form  in  which  they  are  found   or  as 
tlie  result  of  decomposition  of  the  earthy  i)hosj)liates  and  other  alkaline 
salts.     Tliis  is  especially  probable  on  account  of  the  great  abundance  of 
potassium  phosphates  and  ])otassium  chloride  in  the  Huids  of  muscle  and 
other  tissues,  while  sodium  chloride  and  sodium  phosphate,  being  found 
in  abundance  in  the  blood,  it  is  evident,  from  the  proportion  in  which 
these  difterent  substances  are  found  in  the  dilferent  tissues,  that  they 
have  not  been  derived   directly  from   tlie  blood.      Again,  it    is    to    be 
remembered  that  the  herbivorous  animals  in  their  food  receive  almost 
solely  potassium  salts,  and.  since  sodium  phosphate  is  necessary  for  the 
integrity  of  their  blood,  it  is  clear  that  this  must  be  formed  in  the  body 
through  the  decomposition  of  potassium  phosphate  and  sodium  chloride. 
In  the  blood  the  alkaline  phosphates   give  to  the    plasma  its   alkaline 
reaction,  to  which  its  great  cai)acity  for   dissolving  carl)ou  dioxide  is 
apparently'  due,  since  it  has  been  found  that  water,  which  holds  only 
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tuie  pxT  eont  of  aodiiim  phosjiliate  in  solntion,  is  able  to  retain  twice  the 
iisiial  iiinoimt  of  cnrbon  tlioxitle  m  solution. 

Thii  pliosphates  of  the  alkalies  are  eliniiimted  from  the  animal  IkkIv 
tbronjrh  the  kitlnt^ys^  intestines,  and  skin.  In  carnivc^rous  animals,  whose 
blood  is  rich  in  phospliate^  ol'  the  alkalies,  tlie  urine  is  the  main  path  of 
elimination.  Tiiro^igh  tlie  proiluction  of  aeids,  sm-li  as  nrie,  hippiiric, 
ami  sulphnric,  the  latter  orio^inating  from  tlic  sulphur  of  allyiuninoids 
and  their  derivatives,  a  part  of  tlte  base  is  withdrawn  from  the  alkaline 
pliosphate,  and,  as  a  eonsetpience,  the  alkaline  phos|>hate  now  becomes 
neutral  or  even  acid,  thus  explaininj^  the  production  of  an  acid  i"eaction 
in  urine  from  the  presence  of  di hydrate  sodium  phnsphrac  (PO^NaH,). 
8in(^e  pli<)sphoric  acid,  or  acid  pliospbatcs,  in  snlntion  pve  to  flnids 
their  power  of  dissolving  calcium  and  mat^nesinm  phosjiliates,  the  urhie 
of  tlie  earnivora  and  omnivora  is  therefore  able  to  liold  in  solution  the 
eartiiy  i>hoH|>liates  su  eliminated.  In  the  case  of  the  herbivora  the  stale 
of  attairs  js  somewhat  ditrerent.  Here  hut  smsdl  anuiunts  of  pbos{>horic 
salts  are  found  in  the  urine,  althoni^h  alkaline  and  earthy  ])hosphatcs  nre 
found  in  large  amount  in  their  tViod.  In  this  case  the  phosphates  of 
the  food  undergo  deccmipnsiti<m,  and  a  great  ))art  of  the  base  is  united 
with  car!>onic  acid,  and  so  eliminated  as  alkalhie  carbonates  in  the  urine, 
forming  thus  the  characteristic  of  tiie  urine  of  herbivorous  animals,  the 
eartby  cnrbonates  lieing  hehl  in  solntinn  by  the  free  carbon  dirixi<le.  The 
phf^s[rlioric  acid  of  the  phosphates  taken  in  the  food  of  herbivormis 
animals  in  greater  part  unites  with  cjdcium  and  magnesium,  and  h 
eliminate<l  through  the  intestine.  Wherever  free  aciil  is  developed  in  the 
tissnes  of  the  body  acid  ^diosp hates  are  nearly  nlways  present  and  in 
part  contribute  to  the  formation  of  this  aeitl  reaction.  This  is  the  more 
remarkalde  when  it  is  remembere<l  tliat  these  phosphates  have  originiitetl 
from  the  blood,  where  they  al wfiys  exist  in  tl»e  fr^rm  of  IkisIc  or  neutral 
SAlta.  The  ex[>lanatioTi  of  the  mode  in  which  this  alknline  phosphate  i» 
in  the  different  tissues  converted  into  an  ncid  salt  is  to  he  explainefl 
thrniigh  the  development  in  tire  tissues  of  organic  acids,  whieh.  a* 
already  alluded  to  in  the  exphmation  of  elimbiatiun  of  the  pliosphatei^^ 
takes  a  portion  of  the  base  from  the  alkaline  phosphate,  so  developing  am 
acid  salt. 

Phosphates  appear  to  l>e  absolutely  essential  to  the  development- 
of  tissue.  This  is  indicated  in  the  first  place  by  their  great  nlumdanec?^ 
in  all  forming  tissues,  and  even  in  organizable  flu  ids »  aucl  in  the  fact  tlm<:> 
the  tissues  of  herbivorous  mammalH  are  rpnte  as  rich  in  the  pliosjihatesfi^*' 
that  of  the  earnivora,  although  in  the  former  case  they  are  nearly  absen*:^ 
from  the  blood,  and  in  the  latter  case  are  very  abundant.  In  special 
tissnes*  such  as  the  museles,  nerves,  blood -corpuscles,  and  ovum,  thev" 
appear,  from  their  exceptional  abundance,  to  have  some  special  functioij^ 
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to  fulfill  This  si-einn  indifatetl  by  tlie  luct  that  the  nervoiiB  tissue  in 
solutions  of  alkali ntf  iihuMjihiVtus  may  jireserve  its  irritability  much 
longer  than  when  iu  contact  with  any  other  fluid.  In  the  tissuea  the 
|)husphat4f$  of  the  nlkallcK  occur  in^^  acid  salts ;  it  tlicrefore  woidd  seem 
that  liHgiueB  in  their  growth  rc^inirc  the  prcsciiee  of  tVct?  pho-HiiUoric  acid. 
In  the  case  of  I  lie  Ijiood,  on  tlic  other  luuid,  tin  alkaline  reaction  \n 
e&sential  for  its  vit»l  j*iicnouicnu,  and  it  a|>])cars  thjit,  |*rovidcd  the 
alkaline  reaction  h  preserved,  the  Halt  to  wjiicli  this  alkalinity  ih  due  it* 
of  minor  im[»oria!ice.  Thus,  in  the  canjivorous  animals  the  reaction  is 
attriljutable  to  the  cxce«^s  of  alkaline  idioiH|)hate,  iu  tlie  iH-rliivurouw 
aitiiualH  to  the  carltonates.  In  omtuvorouw  animals  the  pre[iondcrance 
of  these  dill'erent  salts  varies  according  to  the  character  of  their  diet. 

8,    Calchm    rnosniATE    (2(PO,)C^a„    2(rOJCaIlV).— This    salt    is 

|in.*Rent.  without  excc|ition,  in  all  tissues  and  Uut<ls  of  tlic  auimid  lM*dy  ; 

in    iKjnes   and   teeth   nearly   two  thirds  of  their  wei«:ht   is  due  to  the 

enleinm    [>ho^phate  preaent.     Of  all  the  inorganic  conBtituents  of  the 

hotly,  with  the  exception  of  water,  it  is  the  most  almndanL     In  muU  of 

the  jiathological  ossifications  and  concrctious  calcium  phosphate  ct>nsti- 

lutes  the  major  portion.     Thus,  nearly  all  the  urinary  calculi  in  the  ox 

are  formed   by  calcium  phosphate,  and   it  is  also  a   constituent  of  the 

muUierry  calculus  of  nnoK     So,  also,  cak  nli  whi<^li  develop  around  s<iine 

foreign  nucleus  arc  hir«jfely  calcium  phosphsite.     Calcium  phosphate  also 

forms  the  greater  [mrt  of  the  ash  of  albuminous  IxHlies,  with,  as  far  as  in 

\iil  known,  the  single  exception  of  eltistin.     It  is  present  iu  the  tissues 

wf  the  human  iMjdy  in  tlie  following  pro[jortious: — 

QrAXTiTY  OF  Calcium  Phouphate  in  1000  Parts  in  the 

Kn:mu'l  of  teeth,  ........  88*5. 

netiiine,                  ........  «U3. 

Bonesi,    .                                     575. 

Crtrtllnge,                                  40. 

>lilk 2.72 

llloml, (im 

Bile.       .                  .                 O.liS 

Vrine, ,0.75 

The  greater  jwrt  of  caleitim  phos|>ljate  in  the  organism  is  deposited 

in   die  form  of  a  sr>li{l  salt   in   the  boiu's  and  teeth,  in   the   form   of  the 

tricnlcinm  orlhophosjihate  (2(  I'04)C!i,).     It  is   also  iu  the  saine    form 

I'resent  in  nails,  hair,  and  hoofs.     When  it  is  fonud  iu  solution,  as  is  the 

^'^^e  with  tdl  of  the  animal  fluids,  it  beiuj^  Uy  itself  jjcrfectly  iusobd>le  iu 

^^ter,  its  presence  is  oidy  to  be  explained  as  cliemicaHy  united   with 

^^l»iiminoids,  althoujjh  possibly  it  may  l>e  in  minute  amount  in  solution 

^'i  flnirls  which  contain  soilium  chloride  or  free  car!»on  dioxide.     In  the 

^trlne  of  canuvora  and  otuuivora  calcium  ]iluMphate  is  |n'csent  ns  an  acid 

*alt(2(r04)Ca"U4),  which  is  in  itself  soluble  in  water.     In  the  alkaline 
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une  per  cent»  of  sodium  phosphate  in  solution^  is  able  to  n 
ii8iin[  amonnt  of  ctirbow  tlioxide  in  solution. 

The  plioBpbates  of  the  alkulies  arc  t^liminated  from  th 
throii:;rh  the  kichievs^intt'stioes,  nnd  skim  In  Cfimivijrous  i 
bU)od  is  rich  in  [)ho8[ili?ites  of  the  allvalies^  the  urine  is  tb 
eliiniiuition.  Throu^li  tlie  production  of  acids,  snt  h  as 
and  sulphuric,  the  latter  orijjiiiatini^:  from  the  .^iilpiuir  i 
anil  their  derivatives,  a  part  of  the  base  is  withdrawn  froi 
[>hosplmte*  and,  as  a  consequeiicc,  the  alkaline  phofsphati 
neutral  or  even  acid,  thus  explaining  tlie  production  of  m 
ill  urine  frnm  the  presence  of  dihydrate  sodium  pliospha 
Since  phosphoric  acid,  or  mm\  piiosphates,  in  solution 
their  power  of  dissolving  calcium  and  magnesium  phosph 
of  tlie  carnivora  and  omnivora  is  therefore  al>le  to  hold  ij 
earthy  phosphates  so  eliminated.  In  the  ease  of  tlie  herb 
of  atlhirs  is  somewhat  <UJferent.  Here  but  small  amounts 
snlts  fire  found  in  the  urine,  although  alkaline  and  earthy] 
fouuil  in  lar«j^e  amount  in  their  fornL  In  this  case  the 
the  food  undergo  decomposition,  and  a  great  part  of  the 
with  carbon  ic  aeid,  and  so  eliminated  as  alkaline  carbon  at 
forming  thus  the  characteristic  of  the  urine  of  herbivoroii 
earthy  carbonates  being  held  in  solution  by  the  free  earboi 
phos|)horic  acid  of  the  phos|>hates  taken  in  the  food  i 
an i nulls  in  greater  part  unites  with  cidcium  ami  magt 
eliniimUed  through  the  inteHtiiu-.  Wherever  free  acid  is  d< 
tissues  of  the  body  acid  phosphates  are  nearly  always  j 
part  contribute  to  the  formation  of  this  acid  reaction.  Tl 
remarkable  w^hen  it  is  remembered  that  these  phosphutes  i 
from  the  blood »  where  they  always  exist  in  the  form  of  bi 
salts,  The  explanation  of  the  moile  in  which  this  alknliii 
ill  the  fblferent  tissues  converted  into  an  acid  salt  is  U 
tlnongh  the  development  in  the  tissues  of  organic  ac 
already  alluded  to  in  the  explanation 
takes  a  portion  of  the  base  from  the  alkaline  ] 
aciil  salt. 

Phosphates  appear  to  be  absolutely  essential  to  th 
of  tissue.  This  is  indicated  in  the  first  place  liy  their  gi 
in  all  fonninn^  tissues,  and  even  in  orgaiiizablc  tinirls,  and  i 
the  tissues  of  herbivorous  mammals  arc  ipiite  as  rich  in  thfl 
that  of  the  carnivora,  although  in  the  former  case  they  ar^ 
from  the  blood,  and  in  the  latter  case  are  very  almndai] 
tissues,  such  as  the  musdes,  nerves,  blood -corpuj^cles, 
appcnr,  from  their  exceptional  abundance,  to  have  some 


of  elimination  of  tl 
Ikaline  phosphate,  so 


.3 


i 
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one  per  cent,  of  sodium  phosphate  in  sohition,  is  able  to  retain  twice  the 
usual  amount  of  carbon  dioxide  in  solution. 

The  phosphates  of  the  alkalies  are  eliminated  from  the  animal  body 
through  the  kidneys,  intestines,  and  skin.  In  carnivorous  animals,  whose 
biood  is  rich  in  phosphates  of  the  alkalies,  the  urine  is  the  main  path  of 
elimination.  Through  the  production  of  acids,  such  as  uric,  hippuric, 
and  sulphuric,  the  latter  originating  from  the  sulphur  of  albuminoids 
and  their  derivatives,  a  part  of  the  base  is  withdrawn  from  the  alkaline 
phosphate,  and,  as  a  consequence,  the  alkaline  phosphate  now  becomes 
ntnitral  or  even  acid,  thus  explaining  the  production  of  an  acid  reaction 
in  urine  from  the  presence  of  dih^^drate  sodium  phosphate  (P04NaH,). 
Since  phosphoric  acid,  or  acid  phosphates,  in  solution  give  to  fluids 
their  power  of  dissolving  calcium  and  magnesium  phosphates,  the  urine 
of  the  carnivora  and  omnivora  is  therefore  able  to  hold  in  solution  the 
earth}'  phosphates  so  eliminated.  In  the  case  of  the  herbivora  the  state 
of  affairs  is  somewhat  different.  Here  but  small  amounts  of  phosphoric 
salts  are  found  in  the  urine,  although  alkaline  and  earthy  phosphates  are 
found  in  large  amount  in  their  food.  In  this  case  the  phosphates  of 
the  food  undergo  decomposition,  and  a  great  part  of  the  base  is  nnited 
with  carbonic  acid,  and  so  eliminated  as  alkaline  carbonates  in  the  urine, 
forming  thus  the  characteristic  of  the  urine  of  herbivorous  animals,  the 
earth}'  carbonates  being  held  in  solution  by  the  free  carbon  dioxide.  The 
phosphoric  acid  of  the  phosphates  taken  in  the  food  of  herbivorous 
animals  in  greater  part  unites  with  calcium  and  magnesium,  and  is 
eliminated  through  the  intestine.  Wherever  free  acid  is  developed  in  the 
tissues  of  the  body  acid  phosphates  are  nearly  always  present  and  in 
part  contribute  to  the  formation  of  this  acid  reaction.  This  is  the  more 
remarkable  when  it  is  remembered  that  these  phosphates  have  originated 
from  the  blood,  where  they  always  exist  in  the  form  of  basic  or  neutral 
salts.  The  explanation  of  the  mode  in  which  this  alkaline  phosphate  is* 
in  the  ditterent  tissues  converted  into  an  acid  salt  is  to  be  explainer!^ 
throiiirh  the  development  in  the  tissues  of  organic  acids,  which,  a^ 
already  alluded  to  in  the  explanation  of  elimination  of  the  phosphates-  -» 
takes  a  portion  of  the  base  from  the  alkaline  phosphate,  so  developing  ar:». 
acid  salt. 

Pliosphates  appear  to  be  absolutely  essential  to  the  development*^ 
of  tissue.  This  is  indicated  in  the  first  ])lace  by  their  great  abundanc^:^ 
in  all  forming  tissues,  and  even  in  organizable  fluids,  and  in  the  fact  tlia^^^ 
the  tissues  of  herbivorous  mammals  are  quite  as  rich  in  the  phosphates  a^* 
that  of  the  carnivora,  although  in  the  former  case  they  are  nearly  abseiT*^ 
from  the  blood,  and  in  the  latter  case  are  very  abundant.  In  special 
tissues,  such  as  the  muscles,  nerves,  blood-corpuscles,  and  ovum,  they 
appear,  from  their  exceptional  abundance,  to  have  some  special  functioa^ 
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to  ftilfilL  This  seems  iiKlieated  by  tlic  fact  tliat  the  nervous  tissue  m 
6oUittons  of  alkaline  pliiiH|ilmtes  may  jireserve  its  iiTilttbility  iniieh 
longer  than  wheu  in  caiitacl  with  auy  otlier  fluid.  In  the  tLswuen  the 
pho»|>bates  of  the  alkalies  oceur  as  aeid  salts ;  it  therefore  would  ^eeiii 
tiiat  tisisues  in  tht^r  ^^rowth  rt^i|uiie  tbe  pri^seuce  of  free  |*hoMi»lirrric  aeid. 
In  the  case  of  tlie  ItluiMl,  on  the  utber  hnml^  au  aikaliue  reaction  is 
e6seiili»l  for  ita  vital  ulienomeua,  and  it  ii[^tHar8  that,  provided  the 
alkaline  reaction  is  [ireserved,  tlte  «nlt  to  wln<'h  tins  alkalinity  is  due  is 
of  minor  iuiportanre.  Thus,  in  the  caruivoruus  animals  tJje  ruuotion  is 
nttrihutdble  to  the  excels  of  alkaline  pliospliate,  in  tht*  huiliivorous 
Aiiinud^i  to  the  eaihonales.  In  omiiivorons  animals  the  preiMmderance 
of  these  diflerent  salts  varies  according  to  tljc  charactLT  of  tUt-ir  diet, 

8.    CALCirM    riJo8PHATE    (2frOj(X,    ^d'OjCall*).— This   salt    is 

present*  without  exception,  in  all  lissue*?  and  (luids  of  the  ftnimal  body  ; 

in    Inmes    and    tet'lh    neariy    two  thirds  of  their  weight    is  due  to  the 

rfticiitm   f»hoi5f»hate  present.     Of  all  the  inorganic  eonetituents  of  the 

lK>dy,  with  tlie  exception  of  water,  it  is  tlie  most  abundnnt.     In  most  of 

the  iiatholojrical  ossifications  and  coniTctions  calcium  phosphate  consti- 

liitcs  the  major  portion.     Tlius,  nearly  all  the  urinary  cak'uli  in  the  ox 

ftTL'  formed   l>y  calcium   |jhosphali%  and   it   is  also  a  constitut'ut  of  the 

mulVieriT  calculus  of  man.     8o»  also,  calculi  whit-h  dcvelof^  around  some 

foreijm  nucleus  are  largely  calcium  phosphate.     Calcium  phosphate  also 

forms  the  jjreater  part  of  the  ash  of  albumijious  boilies,  with,  m  fur  as  is 

yet  known,  the  single  exception  of  elastin.     It  is  [present  in  the  tissues 

of  the  human  Ixidy  iu  the  following  proportions:^ — 

QcASTiTY  OP  Calcium  Phosphate  in  lOOO  Pakt«  is  the 

Kniimi  1  of  H-vth .        ,  wrv 

Den  line,  tU3. 

Bon«-». 570, 

CHrlihiiEe, 40. 

>1ilk.    ^ 2.72 

BliMHl .        *J.:in 

Bile.  ......        0.U2 

Urints    .         , 0.75 

The  jrreatLT  part  of  ealcium  jihosjilmtL'  iu  thi;  organism  is  dc|>osited 

^^  the  form  of  a  solid  suit  iu  the  bones  and  teeth,  in   the  form  of  the 

tncalrlum  orthophosplnite  <,  ii(  ro^irn^).     It  is    also   in  the  same    form 

P^eisbut  in  nails,  hfur,  uud  hoofs.     Wlitu  it  is  found  in  solution,  as  is  the 

**«eifitb  all  of  the  animal  tluids,  it  lieing  by  itself  jierfectly  insohdjle  in 

'^^^tf'r,  its  presence   is  only   to  be   explained  as  ehemictilly  united    with 

^^hntninoi*ls*  althouj;h  iwssibly  it  may  t»e  in  minute  amount  in  solution 

^^  fliiidg  which  contain  sodium  chloride  or  free  carlnui  dioxide.     In  the 

''Hnft  of  carnivora  and  onudvora  calcium  jihosplnite  is  present  as  nn  :ield 

**it(2tr04;Ca"H4;,  which  is  in  itself  soluble  in  water,     Iu  the  alkaliiie 
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urine  of  the  herl>ivom  l)ut  Httle  calcium  pliospluile  is  present,  and  tliis  is 
not  dissolved ,  but  merely  sospcntkd,  tuul  remiily  deposits  as  ii  scdi merit 
In  tlie  ^itilid  tissues  the  lime  phaspluitu  Jipjieiirs  to  be  simply  deposited  in 
the  interstices  of  the  organic  leases,  and  it  may  be  removed — as,  for 
*^xnmple,  from  bone— by  prolonLred  niiH-tTtilion  in  dilute  liydrochlorie 
acidt  without  altering  the  form  of  the  bone.  An  Didton  sa^s ;  '*  In  the 
bones,  teeth,  and  cartilage  the  lime  pliOMphate  exists  in  a  dolid  fonii;fl 
not,  however^  deiKi.sited  meehanifiilly  in  the  osseous  or  eaitilaginous 
§uh8tanee  as  a  *]:ranuIaF  powder,  but  intiniiitely  united  with  the  animal 
matter  of  the  tissues,  like  colorin^j:  matter  in  colored  glass,  the  union  ofS 
the  two  forminfT  a  homoLreneous  material.  It  is  not,  on  the  other  hand, 
BO  condiinrd  with  tbeanimid  inattur  as  to  lose  it«  identity  and  eonstitutt' 
a  new  chemical  substance,  as  wliere  hydrogen  combines  with  oxyjren  to 
form  water,  hut  rather  as  salt  unites  with  water  in  a  saline  S(»lution,  botli; 
substances  retaininix  their  original  characLer  and  composition,  though  i 
intimately  associated  that  they  cannot  beseimnited  by  mechanical  niestna. I 
The  lime  iihosphatc,  tlierefore,  mny  be  extracted  from  a  bone  by  maeef- 
Atii)n  in  dilute  muriatic  acid,  leaving  behind  the  animal  substance,  wliich 
still  retains  the  original  form  of  the  bone  or  curtilage/'  The  bone  so 
treated  |>reserves  its  outline  (perfectly,  but  has  entirely  lost  all  rigidity, 
and  may  lie  twisted  up,  and  the  long  bones  may  often  be  tied  into  a  knot. 
Cnleium  phosjihate,  therefore,  gives  to  bnne-tissuc  its  rigidity.  Conse- 
quently when,  either  tlirougli  some  faulty  process  in  the  organism  or 
through  the  deprivation  of  calcium  salts  from  the  food,  this  substance  is 
not  dejiosited  in  normal  aimiuntw  in  the  bones,  the  latter  become  soft, 
tiexible*  and  det'ornicd,  forming  the  alfeetbui  knuwn  a**  rachitin;  or,  in 
adult  life,  a  similar  morbid  softening  of  lioues  may  take  phice  from 
a  deleetive  dejjosit  t>f  caleareons  matter,  and  a  progressive  yielding''  of 
the  bony  skeleton  taken  place,  constituting  the  disease  knowii  as  osteo- 
malacia. 

The  greater  part  of  the  cnlcium  phosphate  enters  the  body  in  the 
food,  being  contained  in  both  auimal  ami  vigetnl)le  articles  of  diet.  In 
suckling  arumals  the  milk  contains,  in  its  normal  condition,  a  sutheieiit 
amount  of  calcium  phosphate  to  supply  the  growing  organism  with  its 
requisite  quantity.  When  taken  in  vegetable  food,  where,  of  course,  it 
is  ordinarily  t*resent  as  a  union  of  ea|f*ium  with  one  or  more  of  the 
organic  acids,  in  the  animal  body,  as  already  referred  to,  it  undergoes 
decomposition  into  calcium  phosphate  and  cfirbonates  of  t!ie  alkalies. 

0.  Maonksium  Fiiospuatk  (i^(PO/)Mg„  2(  P(^)MgIT;).«Like  cab 
cium  phosphate,  magnesium  pbosjihate  is  found  in  rdl  the  tissues  and 
fluids  of  the  animal  body,  though  in  far  smaller  amount,  with  the  exeep* 
tion  of  musrle  and  the  thymus  ghmd,  where  the  mognesinm  ])hostihate 
is  in  excess.    The  bones  of  the  hcrbivora  contain  more  magnesium  phos- 


INORGANIC  CELL-CONSTITUENTS. 


135 


I 


pbate  than  tljoae  of  the  cnniivorn.  The  com lii nation  2(r04)Mg''II^  is 
often  found  in  the  urine  of  the  herbivora  when  fud  on  grain,  and  is 
ooc^isionally  met  with  in  intestiiiul  concrt^tioiis  uiiiiei'  tlie  mimv  fonditions. 
Its  origin,  physiuiogkal  iinpoitaot't:',  ftiid  mode  orttispusition  in  the  body 
is  appiirt-ntl}-  iduutieal  with  that  of  the  alkaline  phosphates.  Oeeasion- 
ally  uuignesiiiin  pjjospluite  undergoes  crystallization,  as  in  the  urine  of 
the  rabbit  and  in  sucklin;!  calves, 

10.  Sodium  and  Totassil^m  SuLpnATEs  (SOJ\„  BOAa,). — These 
salts  are  to  be  regarded  as  normal  eonstituentH  in  small  aniuinit  of  most 
of  the  animal  tluids  and  tissues.  They  are  not,  however,  found  in  the 
milk,  bile,  or  gastric  jnice,  their  [jresence  in  tlieasli  beintr  without  imi)or- 
tanee,  since  in  incineration  of  stdphurons  organic  compounds  the  sul- 
phuric acid,  liberated  in  thirt  process,  imites  with  the  carbonates  ancl 
alkaline  bases.  A  certain  amount  of  these  salts  is  held  in  solution  in  tlie 
blood  and  in  the  urine,  though  the3'  are  less  abundant  than  either  the 
chlorides,  phosphates,  or  carbonates.  When  present  in  the  animal  iK>dy 
the}*  arc  in  the  form  of  solution.  Ouly  ]>art  of  the  sulphates  fouml  in 
the  animal  body  is  derived  from  wiiliout,  since  it  is  possible  that 
through  the  oxidation  of  sulphur  of  organic  compounds  sulphnrie  aciti  is 
lurmed,  whicli  leaves  tht*  body  united  with  alkaline  bases.  These  salts 
•re  excreted  from  the  body  throujih  tlie  urine,  where  a  greater  |jari  (»f  the 
sulphuric  acid  is  not  derived  from  the  sulphates  contained  in  the  food, 
but  throuijh  the  internal  oxitlntion  of  sulphur-holding  compoun<ls.  This 
in  especially  sh*)wn  liy  the  fact,  that  an  abnmhuit  animal  iliet  increast^s 
tbe  amount  of  sulphates  in  the  urine  hand  in  baud  with  tlie  increase  of 
\Kvn,  while  a  vegetable  diet  decreases  it.  The  sulphates  partly  con- 
Iribute  to  the  acid  reaction  of  tlie  urine  of  carnivora. 

The  entire  qunntity  of  sulphur  in  tbe  body  of  an  adult  man  has  been 
estimated  at  about  one  hundred  and  ten  gnunmes,  and  to  keep  this 
nmount  constant  at  least  one  gramme  must  be  taken  daily  in  the  food, 
where  it  is  combined  with  albuminoids.  A  jiart  of  this  sul|>hnr  passes 
iii to  the  hair  and  nails,  |>art  is  consumed  in  the  manufacture  of  various 
eompleac.  sul|>hur-holding  compounds,  such  as  tanriu,  tauroeholic  acid, 
gelatin,  chondrin^  mucin,  etc.,  while  i>art  is  eliminated  in  the  form  of 
aiilphates. 

11.  IlYDBOcniiORTC  AcTD  {HCl),-^The  presence  of  free  hydrochloric 
acid  lias  as  yet  only  been  shown  to  exist  in  the  case  of  gastric  juice  of 
Tttf^mmaU.     Its  origin  and  inniortance  will  be  considered  under  the  sul> 

iectof  Gastric  Juice. 

Oxygen,  nitrogen, and  carbon  dioxide  Jire  also  constant  constitnents 
*^^tnimal  tlnids  and  tissues,  and  their  importance  will  be  discussed  under 
^ue  subject  of  Respiration. 

A  few  other  inorganic  substances  have  been  found  as  more  or  less 
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constant  inj^reilients  of  animal  substances^  but  they  are  present  in  si 
small  amounts,  or  in  such  variable  4:itiautities,  tliMt  their  importance  has 
not  been   eleiirl}'  estublislied,     Tlie&e  are  miignesiiim  chloride,  calcium 
ilnoride,  ammonium  carbonate,  imtgnesiiim<immonium  phosphate,  calcium 
sulphate,  silicon,  iron,  mangrancse,  and  coi^per. 

In  vegetable  tissues  nearly  all  the  cimwtitneuts  of  the  animal  cell  are 
found  deposited  or  in  sohition.  They  serve  to  give  greater  solidity  to 
the  so^alled  skeleton  of  plants^  and  are  also  without  duubt  of  iuijiorlance 
in  the  vital  processes  of  vegetable  protoplasm.  Thns,  it  has  been  found 
that  the  atnount  of  albumen  in  giTminaling  seeds  *itands  in  direct  pro[>or- 
tion  to  the  amount  of  phosphate  which  the  plant  receives  as  food  ;  also, 
that  without  potassium  salts  plants  cannot  grow.  Their  interest  to  lis  as 
constituents  of  vegctal>le  organisms  is  sim[>ly  dependent  upmi  I  heir  ren- 
dering such  BubsUiuces  suitable  for  atiimal  foods,  Tlicy  wiii  ihei*efure 
receive  the  necessary  consideration  under  the  subject  of  Foods, 
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The  great  mass  of  organized  bodies,  both  animal  auil  vegetable,  are 
what  might  be  describe*!  as  carbonic  acid  compouurls,  as.sociated  in  vari- 
able amounts  with  hydrogen,  oxygen,  and  nitrogen.  Plants  are  able, 
from  inorganic  substances,  such  as  CO,,  HjO,  NO,IL  NI1|,  IIjSO^^  P,0»i 
to  develop  organic  compounds,  the  dith'reuce  betweeJi  sueh  bodies  as 
entering  into  and  as  leaving  phints  dei>endiug  merely  upon  the  difference 
in  their  proportion  of  oxygen*  The  inorganic  bodies,  wliieh  serve  as 
fcKHl  for  plants,  are  what  are  known  as  combustion  produets;  that  is, 
they  alreaily  contain  the  maximum  qmintity  of  oxygen  whicli  is  able  to 
enter  into  their  composition.  Organic  bodies,  on  the  other  haml,  eoutiuu 
in  all  cases  less  oxygen  than  will  satisfy  the  aihuities  of  their  constituent 
elements.  They  therefore  are  capable  of  undergoing  further  oxidation, 
or,  in  other  words,  may  be  said  to  l>c  combustible.  The  plant-t*ell,  there- 
fore, must  be  able  to  deoxidize  the  inorganic  compounds  of  its  food  and 
set  free  oxygen;  and  this  deoxidizing  force  must  evidently  be  greater 
than  the  atllnity  exerted  by  tlie  oxygen  for  the  elements  with  which  it 
was  in  composition.  This  deoxidizing  jMiwer  possessed  by  jjlants  is  only 
capable  of  manifeHtatiiUi  in  the  sunlight,  and  is  n  function  of  the  green 
coloring  matter,  the  chlorophyll  of  ]>lants.  The  animal  eell,  on  the  other 
hand,  in  its  nutritive  operations  exhibits  the  reverse  ttrocess  of  oxida- 
tion. The  inorganic  compounds  whicli  in  the  veget-able  cell  become 
organic,  that  is,  deoxidized,  in  the  animal  cell  become  again  oxidized  and 

♦  For  the  preparation  of  thin  nectlon  iipecial  a<^knowledeiiirtii   i(*  due  to  Wurti,  ] 
"  Chin  lie  Biolopiqiii' ; ''  Wuiidt,  **  Lclirbuch  der  Phyt^lnloifli' ;  ^*  Uonip-BeRaueE*  "  Pliyfil-  ^ 
oki^jH'he  Cht*mie  ;  ■  *  Ranke,  **  Gruiidzlure  diT  Ph\>lolit^k" ;  "  llMpiw-SeykT^  *' Phyelolo- 
gifeche  Clicaile ;  ''  ScbftUenbergt^r,  **  Ftrmtjutatioa  ;  *'  Nagell,  *'  Tbeorie  der  Girung," 
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again  reiickred  iu  organic^  or  l)€Como  conibustion  prod  nets.  They  are, 
therefore,  restored  to  tlie  mineral  world  by  tlie  aiiinuil  in  tlie  same  form 
in  which  they  were  originally  ah.sorbt^d  by  tlie  vegftiible. 

Vegetables  and  animals  are  the  di-ponitories  tujd  agents  of  life  on  the 
surface  of  the  earth.  The  esst*ntiid  eharacteristie  of  the  vital  operations 
of  the  former  is  their  power  of  elaborating  organic  from  inorganic  ma- 
terial. Animals  are  charged  to  deetnw,  after  assimilation,  the  results  of 
the  vital  operations  of  the  vegetable.  The  animal  kingdom  is  tirns  snbor- 
dinate  to  the  vegetable,  aJid  organic  life  reprfsents  a  elosed  circle  of 
metamorphosis  of  matter.  Plants  appro|jriate  inorganic  nuitter  out  of 
the  surrounding  inorganic  nature,  out  of  the  ground  and  air,  antl  convert 
it  into  the  constitnents  of  their  own  tiss*ues.  They  then  become  food  for 
imals,  are  converted  into  animal  tissues,  and  are  again  returned  to  the 
ground  and  air  as  inorganic  compounds.  Thus,  tlie  carbon  of  the  carl>on 
dioxide  of  the  air  becomes  the  carbim  of  cellulose  or  starch,  of  sugar,  of 
fat,  of  gum,  and  of  albumen  in  the  plant;  as  food  of  animals  it  then 
becomes  the  carbon  of  various  animal  tissues.  In  the  vital  pr«>ce8Ses  of 
the  animal  the  carbon  of  the  tissiics  undergoes  oxidation ^  and  is  returned 
to  the  atmosphere  through  the  ex-iiellcd  air  as  carbon  dioxide,  or,  in 
other  words,  in  the  fonn  in  which  it  originally  lell  the  atmos|>here.  An 
analogous  circle  might  also  be  traced  for  the  other  constituents  of  the 
animal  tissues. 

We  can  thus  understand  how  the  constituents  of  animal  and  vege- 
table cells  may  in  all  essential  points  be  analogous;  but,  while  this  is  so, 
the  chemical  processes  in  each  are  very  diirercnt.  Green  jOants,  in  their 
capability  of  deoxidizing  inorganic  food  elements,  are  depeudeiit  upon 
power  from  without — the  heat  and  light  from  the  sun.  They  thereibre 
store  up  energy  in  their  tissues.  Animal  cells,  in  oxidizing  the  materials 
derived  from  tlie  vegetable  world,  liberate  a  force,  as  in  all  other  forms  of 
oxidatian,  which  in  tins  case  represents  an  equivalent  of  mechanical 
energy  precisely  ec^ual  to  the  force  rendered  latent  in  the  nutritive  |jroc- 
esses  in  the  vegetable.  In  the  animal  cell  this  energy  may  take  on  the 
form  of  heat,  electricit}^  or  liglitj  as  in  certain  organisms,  or  mechanical 
movement. 

L  Tfte  Vegetable  Celt — The  assimilative  processes  in  the  vegetable 
cell  are  dependent  uiKin  the  presence  of  protoidasm,  which  in  its  modi- 
fied form  as  chlorophyll  has  the  power  of  making  use  of  the  .sunlight  for 
purposes  of  organic  deoxidatiou,  and  constitutes  the  most  jjowerful  re- 
ducing bixly  known.  The  proiierties  of  chloroptiyll  are  nut  exactly 
known,  as  it  has  probaldy  never  licen  prepared  in  a  perfectly  pure  state. 
In  the  chlorophyll  gmnules  are  often  to  be  found,  the  results  of  its  organic 
activity,  such  as  startdi-granules;  but  their  precise  mode  of  formation,  or 
the  precise  share  which  clilorophyll  has  in  producing  thoir  formation,  is 


138  PHYSIOLOGY  OF  THE  DOMESTIO  ANIMALS. 

not  well  known.  The  optical  properties  of  chlorophyll  are  veiy  remark- 
able. Fresh  alcoholic  solutions  in  ether,  even  when  very  dilute,  give  a 
broad  band  in  the  red  line  of  the  spectrum,  and  between  the  red  and  the 
orange.  The  most  luminous  portions  of  the  spectrum  are  the  red  and 
green  parts.  When  concentrated  ethereal  solutions  of  chlorophyll  are 
examined  in  the  spectroscope,  only  the  red  rays  pass.  Ooncentrated 
solutions  of  chlorophyll  give  a  red  fluorescence  with  reflected  light 
Wiien  subjected  to  the  action  of  light  solutions  of  chlorophyll  change  their 
color,  probably  in  a  manner  similar  to  that  which  accompanies  the  vital 
processes  of  the  vegetable  protoplasm  in  which  chlorophyll  is  contained. 

In  all  its  forms  protoplasm,  whether  animal  or  vegetable,  contains 
albuminous  bodies  in  a  state  of  solution  in  water,  and  associated  with 
compounds  of  an  inorganic  nature.  Carbo-hydrates,  hydro-carbons,  and 
ferments  are  also  nearly  invariably  present.  It  may  be  assumed  that  the 
albumen  is  the  highest  and  last  product  of  the  chemical  activity  of  vege- 
table cells,  while  starch  probably  constitutes  the  flrst  evidence  of  proto- 
plasm activity,  and  is  the  mother-«ubstance  out  of  which  other  carbo- 
hydrates, such  as  cellulose  and  sugar,  as  well  as  fats,  are  manufactured. 

Plants  develop  various  modiflcations  of  albuminoids,  which  are 
apparently  identical  with  the  different  forms  of  albuminous  bodies  fbund  * 
as  constituents  of  animal  cells.  Thus,  in  growing  and  germinating 
plants  a  globulin-like  body  is  found  in  large  amount,  as  well  as  a  sub- 
stance similar  to  myosin  and  vitellin  in  combination  with  lecithin  and 
certain  inorganic  substances.  Albumen  is  found  in  especially  large 
quantities,  with  large  amounts  of  starch,  in  the  seeds  of  plants; 
hence,  the  undeveloped  plant  finds  in  these  two  substances,  albumen  and 
starch,  material  ready  prepared  for  building  up  its  tissues  until  it 
reaches  a  grade  of  development  in  which  it  is  able  to  manufacture  these 
organic  compounds  from  the  elements.  When  the  first  leaves  and  roots 
are  formed,  then  the  plant  commences  its  indei)endent  existence.  The 
evidences  of  this,  as  we  have  already  seen,  consist  in  the  appropriation 
of  CO,,  11,0  and  Nil,,  with  a  corresponding  liberation  of  oxygen. 

Since  all  vegetable  matters  contain  carbon  and  water,  their  con^ 
stituents  may  be  regarded  as  more  or  less  modified  CO,  molecules- 
Thus,  sugar  may  be  regarded  as  CO,  in  which  one  equivalent  of  oxygen 
is  replaced  by  two  equivalents  of  hydrogen  (Liebig). 

Carbonic  Anhydride.  Orape-8agar. 

^O  ^O 

or  6(C0,(H,0))  =  6(CH,0)  +60,  =  C,H, ,0,  -f  6 O,. 

Carbon  dioxide,  therefore,  in  the  formation  of  organic  matter,  m^Y 
be  regarded  not  as  decomposed,  but  as  changing  the  arrangements  of  i^ 
molecules.    We  have  found  that  plants  in  their  nutritive  purposes  assim*- 
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late  carbon,  hydrogen,  nitrogen,  and  various  inorganic  substances.  We 
will  attempt  to  give  a  general  idea  as  to  the  processes  by  which  these 
substances  are  absorbed  by  plants,  and  the  way  in  which  in  their  tissues 
tbeyare  combined  to  form  organic  compounds. 

First,  as  regards  carbon.  The  carbon  of  plants  is  without  doubt 
derived  from  the  CO,  of  the  atmosphere,  or  in  solution  in  rain-water 
which  is  absorbed  by  the  leaves  and  roots,  which  under  the  influence  of 
the  8un  is  broken  up  in  the  bod}-,  and  whose  oxygen  is  liberated.  The 
oxygen  given  off  in  the  day-time  by  plants  has  been  found  to  be  some- 
what less  than  that  which  is  contained  in  the  CO,  which  has  been 
absorbed.  This  would  seem  to  indicate  that  CO,  is  only  re<luced  to  CO, 
since  it  is  known  that  part  of  the  oxygen  comes  from  the  decomposition 
of  water.  This  hypothesis  is  further  rendereil  more  probable  by  the 
readiness  with  which  CO  combines  with  other  bodies.  Thus,  it  unites 
with  CI  at  the  ordinary  temperature,  and  combines  directly  with  hydro- 
gen to  form  formic  acid.  Doubled, — that  is,  imited  with  itself, — the 
radical  oxide  of  carbon,  or  earbonyl  CO,  constitutes  the  oxalic  radical 
C,0,,  or  oxalyl.  The  acid  which  contains  this  radical, — that  is,  oxalic 
acid,— can  be  formed  by  an  incomplete  reduction  of  CO,  and  lf,0  in  the 
presence  of  mineral  bases;  various  organic  acids  may  thus  originate  in 
vegetable  cells.  Taking  the  simplest  cases,  the  important  acids,  formic 
and  oxalic,  ma}'  be  formed  in  this  way,  the  one  with  one  atom  of  carbon, 
the  other  with  two.     Thus,  with  one  molecule  of  water 

CO,  4-  IT,0  —  O  r=  CII  ,02  ^^  formic  acid. 
2  CO2  -r  n,0  —  O  ^  CjlI.O^  r_^  oxalic  acid. 

Developinir  this  idea,  Liebig  has  shown  that  the  organic  acids  once 
f'^rmed  may  give  rise  to  aldehydes  by  a  sul)seqnent  reduction.  Formic 
al'lebyde  represents  formic  acid  less  one  atom  of  oxygen  ;  oxalic  akle- 
Jjydc,  or  glyonal,  oxalic  acid  less  two  atoms  of  oxygen,  thus: — 

CH^O, —0=  CIT.,0=^  formic  aldehyde. 
C^lf^O^  —  O,  ^  C;il,,0,  -^  glyomil. 

The  formation,  therefore,  of  aldehy<les  in  vegetables  rei^resents  a 
certain  stage  of  reduction  of  CO,  and  11,0.  Even  more  complex 
substances,  but  less  rich  in  oxygen,  will  result  from  further  decompo- 
sition. 

The  examples  above  given,  especially  in  the  case  of  formic  aldehyde, 
are  particularly  important,  as  there  is  scarcely  any  doubt  that  formic 
aldehyde  plays  an  important  role  in  vegetal)le  synthesis.  Thus,  six 
molecules  of  formic  aldehyde  will  form  one  molecule  of  glucose: — 

6  CII2O  ==^  Cglli  gOg  =  glucose. 

Again,  on  the  other  hand,  by  the  dehydration  of  aldehydes  resins  ma\' 
be  formed,  as  it  is  well  known  how  readily  ordinary  aldehydes  become 
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converted  into  resino&s  bodies  by  losing  water;  while,  Agidu,  ammonia 
Uirougli  its  combination  with  aldehydes  may  give  rise  to  nitro^genoos 
bodies^  such  as  alkaloids.  We  therefore  see  that  in  the  appropriation  of 
the  carbon  and  the  carbon  dioxide  of  the  atmosphere  the  carbon  becomes 
fixed  to  form  these  various  bodies  synthetically  in  vegetable  protoplasm, 
while  the  oxygen  is  liberate<l. 

As  r^ards  the  assimilation  of  hydrogen  in  the  synthetical  processes 
occuiTing  in  v^etable  cells,  this  evidently  occurs  from  the  decomposition 
of  water,  as  is  proved  by  the  circumstance  that  the  oxygen  liberated, 
while  sometimes  less,  is  often  in  excess  of  that  which  is  contained  in  the 
COi  absorbed.  Thus,  in  the  vegetable  cell  the  carbo-hydrates,  sach  as 
cellulose,  starch,  gum,  and  sugar,  are  made  by  the  simultaneous  reduction 
.  of  carbon  dioxide  and  water  under  the  influence  of  solar  radiation. 

For  nitrogen^  the  atmosphere  is  the  sole  source,  though  it  may 
possibly  to  a  certain  extent  be  derived  from  the  nitrates  in  the  soiL 
When  obtained  from  the  atmosphere  it  is  held  in  solution  in  the  form  of 
salts,  possibly  in  rain-water.  All  decomposing  organic  matters  set  fkiee 
ammonia,  and  therefore  nitrates,  particularly  of  potassium,  are  powerfU 
fertilizers,  and  increase  vegetation  by  supplying  thQ  nitrogen  which  is 
essential  in  the  development  of  albuminous  bodies  and  crystallixed 
nitrogenous  vegetable  constituents. 

Of  the  minerals  which  are  essential  to  vegetable  life,  such  as 
phosphates,  silica,  salts  of  lime  and  magnesium,  and  alkaline  salts,  they 
are  obtained  partly  from  the  atmosphere  and  partly  from  the  soil.  They 
are  contained  in  large  amounts  in  all  parts  of  vegetable  matter,  and  will 
deserve  special  consideration  under  the  subject  of  the  vegetable  diet  of 
the  herbivora.  The  mineral  constituents  of  the  soil  and  atmosphere 
therefore  plaj-  an  important  part  in  the  phenomena  of  the  development 
of  vegetable  life.  This  we  have  seen  to  be  essentially  one  of  reduction. 
In  separating  the  oxygen  from  carbon  and  hjxlrogen  a  portion  of  their 
affinity  for  ox>'gen  is  restored  to  these  latter  elements.  For  in  CO,  and 
11,0  this  affinity  is  completely  satisfied ;  that  is,  the  energy  which  resides 
in  the  atoms  of  carljon  and  hydrogen  has  not  been  destroyed  by  combi- 
nation and  transformation,  and  when  these  atoms  unite  with  oxygen  this 
energy  is  dissipated  as  heat.  To  reduce  these  combinations,  therefore, 
the  energy  thus  latent  in  the  form  of  heat  must  be  restored  to  the  atoms 
of  carbon  and  hydrogen.  Thus  vegetables,  in  decomposing  water  and 
carbon  dioxide,  making  use  of  the  heat  of  the  sun,  not  only  convert  atoms 
of  carbon,  hydrogen,  and  nitrogen  into  organic  substances,  but  have  at 
the  same  time  accumulated  chemical  energy.  For  all  organic  compounds 
are  capable  of  uniting  with  oxygen ;  in  other  words,  are  combustible. 
The  energy  restored  under  the  name  of  affinity  to  the  atoms  is  hence 
derived  from  a  portion  of  the  solar  radiation  which  is  absorbed  bj-  plants 


and  IS  converted  into  affinity.  This  is  the  iiidi5ipensa.l>le  condition  of 
the  HNluction  of  COj  and  JlaO  and  theehiVioriLtinii  of  organic  com|>oimdg; 
or,  in  other  words,  '*  tliere  can  be  no  vegetati^m  witliont  the  sun." 

The  process  whii-h  we  have  ftiund  to  t4ike  place  in  vegetable  cells 
only  hold^  good  in  tlie  case  of  green  (dants  under  the  inflneuee  of  the 
sunlight,  for  there  is  in  all  cases  a  double  chemicul  jirocess  going  on  in 
plantK^ell.s.  Tlie  assimilation  through  deoxidation  of  organic  com- 
pouncls  under  the  intluence  of  suidight  han  already  been  described. 
This  process  is,  however,  limited  to  the  chlorojihyll  jihmts,  and  in  them  to 
the  time  when  they  are  eximsed  to  the  sun '8  light  and  beat.  Another 
process,  however,  is?;  continnally  going  ou  in  all  forms  of  vegetable  cells. 
Tlie  prcnlucts  of  assimilation  undergo  within  the  vegetnble  cflls  various 
cliesnieal  changes  which  are  not  aecorn|janied  by  a  libenition  of  oxygen, 
but  by  a  change  of  molecular  arrangement,  associated  with  the  absorption 
of  a  small  amount  of  oxygen  and  the  netting  free  of  carbon  dioxide, 
The§e  changes  are  independent  of  the  Biinlight,  and  result  in  a  diminutiiin 
of  the  mass  of  jissim dated  materials.  That  a  plant  intiy  increase  in  size 
it  is  necessary  that  the  deoxidizing  activity  and  assimilation  produced  in 
the  ditnliglit  should  overbalance  the  loss  through  oxidation  which  is 
continually  going  on,  whether  in  darkness  or  light.  This  latter  process 
in  plantH,  by  which  they  absorb  oxygen  and  set  free  carbon  dioxide,  is 
cleAriy  antdogous  to  the  processes  of  respiration  in  animals.  This  res- 
piration in  plants  is,  however,  very  feeble,  and  is  far  overbalanced  by  the 
processes  of  assimilation;  therefore,  as  a  rule,  although  the  elaboration 
of  Tegetable  products  is  accomimnied  by  accumulation  of  force,  the 
vital  processes  in  plants  which  are  not  connected  with  assimilation  are, 
fts  in  animals,  dej^ndent  upon  oxidation  processes,  and  may  be  aecom- 
l^anied  l«v  the  lilkeratiou  of  bent  and  electrical  movement  of  jjrotoplasm, 
ami  the  formation  and  growth  of  cells.  In  the  case  of  the  non -chlorophyll- 
beairing  plants,  such  organisms  absorb  organic  matter  already  elaborated  ; 
the  parasitic  plants  may,  therefore,  be  regarded  as  a  connecting-liuk 
Wtween  the  animal  and  vegetable  kingdoms,  espccinHy  as  some  of  the 
lower  forms  of  the  former  are  also  possessed  of  chloroiihyll,  by  which 
they  are  enabled  to  decompose  C(\  under  the  influence  of  the  sun.  A 
curious  exception  to  the  characteristics  of  the  vegetalile  chcmism  is  the 
power  which  certain  plants  possess  of  attracting,  seizing,  wnd  digesting 
insects.  The  sr>called  insectivorous  plants  of  Parwiu  and  Hooker,  such 
as  the  Drosera  rvitrndifoUa,  DarJiiujkmia,  Nepenthes,  etc.,  are  supplied 
with  gpec-tnl  urn-like  vessels,  in  which  the  animals  nre  trapped  and 
dijrested.  They  are  lined  with  gbnds  that  secrete  iKdh  the  sugary  Ibiid 
to  attract  the  insects  and  a  true  digestive  juice,  containing  pepsin  and 
acid,  which  is  poured  out  when  the  plants  nre  stimulated  by  contact  with 
digestible  substances.     This  secretion  will  turn  fibrin  into  iieptone,  but 
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is  without  action  on  sturcbes.  It  tlicrofore  closely  resembles  animal 
gas^trit?  jut  CO. 

Still  another  analog}^  ma^^  he  traced  between  the  animal  and  vege- 
table kingtlonis.  Uiuler  eerti\in  circumstances  plants  develop  heat,  as  in 
germiijating  seeds,  or  in  tluwers  dtirin^x  IVcumlation,  Sugar  is  the  sub- 
stiince  in  such  cases  whose  conibuslion  sets  Tree  heat.  It  exists  in 
germinating  seeds,  and  disappears  during  gerjui nation,  from  the  action 
of  a  (ruistatic  ferment  analogous  to  the  glycogen  ferment  in  animals. 
The  Hnah>gy  is,  however,  not  perfectly  complete,  as  the  plants  maim- 
factui-e  llieir  starchy  material  from  inorganic  materials;  animals  must 
obtain  it  ready-nnule. 

In  tlie  dark  the  processes  of  assimilation  of  jilants  are  entirely 
siiHpeuded.  Then  carbon  dioxitlc  is  given  otf,  luid  oxygen  is  absorbed, 
for  the  processes  of  respiration  or  oxidation  still  continue.  During  the 
day  the  carbon  dioxide,  which  is  coustantly  absorbed  by  the  roots  and 
leaves,  is  in  the  leaves  broken  ui>  into  oxygen,  which  is  set  free,  while 
the  curium  remains  lixed.  At  tiight  COt  is  also  absorlKfd  by  the  roots, 
but  is  exlmled  from  the  leaves  without  undergoing  change :  for,  as  we 
have  found,  for  its  deoxiilizing  jnirposes  chlorophyll  re^juires  tlie  assist- 
ance of  sunlight  and  heat.  It  is  also  possible  that  a  part  of  the  CO, 
which  is  set  free  during  the  night  is  not  onl^^  derived  from  CO,  absorbed 
from  the  leaves  and  roots,  but  nlflo  is  the  result  of  oxidation  by  a  part 
of  the  oxygen  wliieli  is  alisorbod. 

2.  The  Animal  Cell, — Tlie  relationship  which  we  have  tracefl 
between  the  chemical  processes  of  plants  and  the  ntmosphere  and  soil 
around  them  is  reversed  in  the  case  of  animal  cells;  for,  while  green 
[ilants  iibsiirb  the  inorgtmic  cotrstitueids  of  the  earth  and  atmosphere, 
and  fruni  them  bnihi  up  complex,  inorganic  compounds,  the  oxygen  of 
the  attnospbere  in  tl»e  aniniid  perndts  of  the  reduction  of  its  crunplex  tis* 
stujs  and  i'unstituentH.  Fur  the  green  plants  the  jitniosphere  fornis  one  of 
their  cliief  fiiods ;  for  animals  it  is  the  great  agent  which  [KTinits  tlieir 
tissue  changes,  on  which  all  lilx-rations  uf  energy  depend.  In  green 
phints  tlie  chief  vital  phcntjmenon  is  the  liberation  of  oxygen  ;  in  ani- 
nuils  it  is  the  absorption  of  oxygen.  In  jjUint"^  the  libenition  of  oxygen 
is  an  index  uf  increase  in  weigitt ;  in  animals  the  absorption  of  oxygen 
leads  to  a  loss  of  weight  That  the  animal  cell  may  retain  its  com- 
position unaltered  it  must  be  suppHetl  with  its  lissue-constitnents. 
Unlike  vegetable  cells,  the  animal  cell  is  incapable  of  manufacturing 
these  tissue-constituents  from  inc^rganic  elements.  The  most  that  the 
animal  cell  may  do  is  to  transform  a  member  of  one  class  of  its  con- 
slitnents  into  anotlier  member  of  the  same  group.  Thus,  the  animal  cell 
may  transform  the  albundufJitl  matters  contained  in  vegetable  cells  into 
albuminous  bodies  which  are  pecidiar  to  animals.     It  may  transform  the 


I 


I 


I 
I 
I 

I 


I 


CHEMIC.iL  PROCESSES  IN   CELLS. 


143 


i 


protekls  of  one  class  into  those  of  anotber.  It  may  tmiisform  casein  of 
milk  into  the  proteids  of  Mood  jind  other  tiKsiies.  Animal  cl'IU  ivre,  how- 
ever, tlie  sent  also  of  certain  syntlietical  [jrocesses^  such  as  the  formation 
of  kffimoglobiii  from  albnnien  and  iron^  with  other  inorgnuic  matters,  the 
{>oesibIe  reformation  of  albniuen  from  peptone,  and  the  building  of  com- 
plex albuminoids,  such  as  mucin,  AU  animal  foods,  nevertheless,  ori^- 
inate  in  the  vegetable  kingdom.  Even  carnivora  are  dependent  on  the 
vegetable  kingdom  fol*  their  sustenance ;  for  the  herbivora,  feeding  on 
Tegetable  diet,  become  the  juc^y  t>f  carnivorous  animals,  which  arc  there- 
fore dependent  on  the  vegetaf»le  matters  which  serve  to  nonrisli  the  tissues 
of  the  animals  which  serve  as  their  food.  In  the  vej^^etuble  cull  albumen 
is  the  end  product  of  its  chemical  processes;  in  the  animal  cell  It  is  the 
startiag  point.  Albuniinoids  represent  tbe  main  or  essential  ty|)e  of 
fooiLs  whieli  must  lie  supplied  to  tbe  animal  cell.  When  introduced  into 
tbe  interior  of  cells,  albuminoids  undergo  a  progressive  oxidation  and 
simplification,  by  whiclt  lower  complex  sniistances  are  formecL  The 
mode  oT  decomposition  of  albuminoids,  as  well  as  of  all  organic  bodies 
ID  general,  is  diflferent  in  different  cells.  This  ditference  is  seen  in  the 
very  first  modification  of  the  albuminous  matters  of  food,  which  mny  be 
converted  into  casein,  myosin,  etc.,  according  as  Ihe  resulting  albuminous 
body  is  destined  to  be  a  constituent  of  milk,  muscle-cell,  etc.  Then, 
again,  after  being  deposited  in  cells  the  subsequent  processes  differ  in 
ililfereTit  cases,  according  to  the  niilurc  of  the  ccll-mendtrane  or  inter- 
cellular substance,  or  the  function  of  the  special  cells  in  the  organism. 
Finally,  the  development  of  tbe  end  products  of  the  oxidation  of  the 
albamen  of  cells  difFers  in  tlie  cells  of  di  tie  rent  tissues,  tb*nigh  in  all 
castes  the  chemit-al  processes  in  cells  result  in  the  formation  of  carbon 
dioxide,  water,  and  ammoniacnl  compounds. 

Tlie  most  striking  example  of  the  products  resulting  from  tbe  oxi- 
dfttion  of  proteids  is  the  formation  of  fat  fnnn  albumen.  In  atUp{)se 
tissue  and  in  fatty  degeneration  of  various  organs  the  protoplnsmic  con- 
tents of  cells  l>ecome  replaced  by  oil,  formed  evitlently  at  the  expense  of 
thenlhuminoid  constituents  of  the  proto|>lasni.  So,  also,  carbo-hyd rates, 
sm'b  as  glycogen,  may  Ih7  produced  from  a  splitting  of  the  albuminoid 
Ws.  In  addition  to  the  carbo-hydrates  and  fats  thus  formed,  a  large 
i><itnl>er  of  nitrogenous  liodies  are  liberiite<l  in  the  oxidation  of  the 
f^l^umiuons  molecule,  and  might  Ik'  termed  ammonia  compounds,  such  as 
*^f*5atiQ»  uric  acid,  nrea,  etc.  Such  bodies  are,  as  a  rule,  richer  in  oxygen 
llian  nli>unien. 

Tilt'  carljo-bydrates  and  fats  are  also  subjected  to  progressive  oxida- 
tion in  the  animal  liody,  and  result^  in  tbe  former  case,  in  the  production 
•^f  organic  acids,  sueh  as  lactic^  formic,  and  oxalic,  and  in  tbe  latter  in 
tlie  formation  of  latty  acids.     As  already  several  times  mentioned^  tbe 
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chemical  processes  in  the  nniuial  cell  result  in  the  formation  of  C0|,  H,0, 
and  NH»  L*om|HniiHls,  and  hence  return  to  tliu  ciirth  and  lur  the  matters 
originulJy  ahsurl>e(l  hy  the  phint-cell,  and  in  the  same  torm,  Thiise  end 
products  are^  however,  only  grrt^dually  formed  as  the  result  of  a  long 
seric:^  of  ihtfrinediary  oxidation  [jrodncts,  which  nre  formed  jmrtly 
thruu*^h  processes  of  iipltfJittg,  hy  which  complex  nH>lecule8,  u?^ually 
throii<ifh  hydration^  are  decomposed  into  two  or  more  simpler  componnds 
ihrrHigh  the  nction  of  certain  fermt'nti<.  Through  these  means  the 
ori^ani**    Cfll-uonstitucntH    become   |)rogressiv^ly   poorer  in   carbon  and 


I 


richer  hi  oxyjren  and  introgen^  thus  losing  their  organic  cliaracteristiea  ■ 
and  becoming  gradually  more   nearly  allied  to  inorganic  bodies,  until 

II a Uy  tlic  inorgMuic  end  products  are  readied. 

The  following  table,  based  on  hypothetical  formnlffi,  indicates  the  ■ 

nnncr  in  which  complex  alhundnous  molecules  may  become  gradually 


reduced  to  sinqilcT  forms  (Gorup-iJcsancz):^ 

A  Ilium  in l\o  IIia» 

Lecitliin (\^  H,4 

Tjuirorbatir  Ari^l,        ,         *  C^^  H^^ 

Glycotiiolic  Acid,        .         .  C^,  II ^3 

Hi'ppuric  Acid,     .        .         .  i\  If, 
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_  Leuciii,         ,  ,        ■  C-«  H,3 
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J  lyjM*xiin  thills       .         .         ■  ^\  H4 

Xantliiii C4  H4 
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Urea  thus  forms  the  termination  of  the  decomposition  series  of  the 
organic  nitrogenous  molecules. 

A  simihir  progressive  sirapUficatiou  may  also  Ijc  seen  in  the  non- 
nitrogenous  organic  constituents.    Thns,  according  to  Qorup-Besauez  : — 


Stearin. 
Piibnitin,    . 
Ohm. 

8te»inc  Acifh 
Oleic  Acid. 
Pahnitic  Aciil. 
Bufyric  Aciib 
8ucrinic  Acid, 
Gnipc-Hujrnr, 
Glycerin.   , 
Lurlic  Arid, 
Acetic  Ac  ill, 
Gxiilic  .Veld. 
Formic  Acid* 
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Just  fts  nrea  is  rendily  liroken  up  into  ammonium  carbonate,  or 
NHj  and  CO,,  8o  also  formic  and  oxalic  acids,  the  terminals  of  the  non- 
uitrogenoiis  organic  molecules,  readily  undergo  deeuuipositiun  into 
CO,  and  H,0. 

It  cannot  be  pretendeil  that  we  are  familiar  with  all  the  intermediary 
fitages  of  these  retrogressive  metamorphoses,  yet  we  are  possessed  of 
mmierous  facts,  gsuned  through  the  study  of  the  decomposition  of  albu- 
men by  varioufci  chemical  accents,  which  go  far  to  fix  tlie  character  of 
tiiene  changes.      Thus,  in   the  artilicial    decomposition  of  alhumen  by 
certain  chemical  reagents,  asparagin,  glutanimic  acid,  lencin,  and  t}  rosin 
»re  constantly  met  with;  and  since  tliese  bodies  occur  in  the  process  of 
germination  in  seeils,  and  the  hitter  two  often  in  tlie  anitiml  body  at  the 
seat  of  rapid  break  down  of  albuminoid  matter,  we  may  infer  that  a  simi- 
lar process  normally  oecui*s  in  animal  cells.    So,  also,  by  various  methods 
of  oxidation  uric  acid  is  readily  converted  outside  of  the  body  into  urea, 
atlantoin,  oxalic  acid,  and  carbon  dioxide;  and  there  are  matiy  facta  for 
snp|M>aincr  that  a  similar  conversion  occurs  in  the  animal  Iwdy.     Thus,  thi^ 
iuimiuistration  of  uric  acid  pro(bices  not  an  increase  in  the  uric  acid 
eliminiiled ,  but  in  the  urea  and  calcium  oxalate;  and  si  rice  uric  acid  is 
noniudly  present  in  but  *imall  amount  in  the  urine  of  the  curnivora,  and 
is  absent  in  that  of  the  herbivorn,  while  we  know  that  in  certain  organs 
of  lioth  classes  of  animals  it  is  formed  in  eousideralile  umount,  it  must 
undergo  oxidation  in  the  economy.      This  is  further  proved  by  the  fact 
that  a  reduction  in  the  supply  of  oxygen  leads  to  an  increase  in  the  uric 
add  and  a  decrease  of  the  urea  in  the  uriiie.       In  a  similar  way  is  to  be 
explained  the  appearance  of  allantoin  in  the  urine  of  cats  and  dogs  when 
Won  abundant  animal  diet, 

A  similar  line  of  argument  may  l^e  made  to  apply  to  the  decompo- 
8»tioti  of  the  uon*nitrogenous  tissue-coustitnents. 

We  are  thus,  to  a  certain  extent,  familiar  with  the  starting  point  and 
^**rminal8  of  the  series  of  decompositions  which  occur  in  the  animal 
^->ily,and  with  a  few  of  the  intermediary  bnks  in  this  chain.  We  shall 
*^in  have  to  return  to  this  subject  in  the  study  of  Nutrition. 

3.  rermetitafions, — Tlie  word  fermentation  is  derived  imm/ervere, 
^^  lioil,  and  owes  its  origin  to  tlie  appearance  presented  by  sugary  fluids 
^^i^  placed  in  contact  with  ferments  ;  gas  is  liberated,  the  sugar  disap- 
I**^r8,  and  the  product  becomes  alcoholic.  While  tlie  term  fernicntatiou 
^««  originally  restricted  to  this  process,  it  is  now  applied  to  many  cases 
^^  ^hich  an  organic  Itody  when  dissolve*!  is  modified,  changed,  and  trans- 
forme^i  under  the  action  of  formed  or  soluble  ferments.  As  regards  the 
"^tion  of  fermentation  only  the  results  and  processes  of  the  soluble  fer- 
^^nt^will  here  demand  consideration. 

The  soluble  ferments  act  on  a  large  number  of  organic  compoundSj 
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their  mode  of  action  being  largely  the  same  in  all.  Water  is  always  essen- 
tial to  the  processes  of  fermentation,  and  the  result  is  acquired  by  a  more 
or  less  simple  splitting  up  of  the  organic  molecule  accompanied  by  hy- 
dration. The  nature  of  this  splitting  up  is  governed  by  the  nature  of 
the  body  which  is  subjected  to  fermentation,  and  may  be  explained  in 
most  cases  by  chemical  processes  in  which  the  intervention  of  a  living 
organism  does  not  appear.  Ferments  have  been  classified  as  follows  in 
the  character  of  the  change  which  they  produce  (Hoppe-Seyler)  : — 

CHANGE  OF  ANHYDRIDES  INTO   HYDRATES. 
A.  Ferments  that  Act  like  Dilute  Mineral  Acids  at  a  High  Temperature. 

a.  The  conversion  of  starch  into  sugar,  or  glycogen  into  dextrin 
and  grape-sugar,  as  b^-  the  action  of  ptyalin,  the  amylolytic  ferment  of 
the  pancreatic  or  intestinal  juices,  diastase,  or  the  liver-ferment.    Thus  :— 

4(CeHioO,)  -f  8 H,0  =  CeH.oOj  -f  3(CeH, ,0,). 
Glycogen.  Grape-Sagar. 

or,  in  the  case  of  starch  : — 

^24^40^20  +3  HgO^  CgHioOj   -f  SCgHjjOg. 

starch.  Water.  Dextrin.  Qlucoee. 

h.  The  conversion  of  cane-  into  grape-sugar,  as  by  the  inversire 
ferment : — 

Cane  Sugar.  G  rape-Sugar.    Fruit-Sugar. 

This  reaction  also  gradually  occurs  through  the  action  of  water  a^ 
100°  C,  while  starch  requires  a  temi)eratiire  of  170°,  the  resulting  sugar 
at  the  same  time  undergoing  decomposition. 

B.  Ferments  that  Act  like  Caustic  Alkalies  at  a  High  Temperature-^ 
Fermentative  Sapon ijication. 

a.  Splitting  up  of  fats  into  glycerin  and  fatt}-  acids,  as  by  the  action 
of  the  ferment  of  the  pancreatic  juice. 

h.  Splitting  up  of  amydo  compounds  by  hydration  through  decom- 
position products,  as 

CON^n^  +  2 1X20=  (NH,)2C03. 
Urea.  Amnionic  Carbonate. 

The  changes  in  albuminoids  produced  by  the  pancreatic  ferment  and 
in  decomposition  probably  fall  under  this  category. 


CHEMICAL  PROCESSES   IN   CELLS. 


141 


ERMENTATION  PROCESSES^  WITH  TKANSFEK  OF  OXYGEN  FROM 
THE  HYDROGEN  TO  THE  CAKBUN  ATOMS. 

Ha.  Lactic  Acid  Fermenlatimh — Under  tbe  action  of  various  ffrments 
iipmr  is  coiivertetl  into  lactic  noU},  This  occurs  in  tlie  milk,innl  ulsovi-rv 
r*»lnil>ly  in  sugary  solutious  within  th«  intestine.  In  the  first  stage  of 
Ikli  process  lactic  acid  is  producetl  as  follows  :— ^ 

In  the  litter  stages  butyric  ncid,  carbon  dit^xidc,  find  liydro^en  are 
formed.     Thus: — 
H  2(C,H,0,)  =  C,H,OjH-3CO,  +  2H,, 

6*  AlrohoHc  Fermentaiitm. — Under  the  iufluenee  of  vfiriou^*  of  the 
formed  ferments,  such  as  yeast-plant,  g:ri\iH?-sngar  undergoes  feruientation 
mkI  results  in  the  formation  of  carbon  dioxide  and  alcohoL 
..  c.  Putre/acdve  Fermentation. — Fermeuts  which  cause  put  re  fact!  on 
%e  found  in  the  lowest  organisms,  micrococci,  bacteria,  etc,  Their  action 
is  destroyed  hy  1j eating  a!x>ve  53^  C. 

The  most  importrvut  ferments  in  tlie  chemical  processes  occurring  in 
tilt  atiirnal  body  are  the  d  last  a  fie  or  sugju -forming  ferment^,  fmind  in 
tliesjiliva,  pancreatic  and  intestinal  juices,  liver,  and  blood  ;  the  peptone- 
formiitg  ferments,  found  in  gastric,  pancrentic,  and,  perhaps,  intestinal 
stHT^lions;  the  fat-fernwuf^  found  in  pancrcntic  juice;  tlie  ineeraive  fer- 
nient,  found  in  intestinal  juice  ;  and  Ihfi  miik-enrdling  ferments,  fonnd  in 
the  gastric  and  pancreatic  secretions.  All  tlic  alwjve  ferments,  with  the 
<*^ceiJtion,  possibly,  of  the  last*  are  so-called  hydrolytic  feniients;  that 
W,  tbeir  action  is  accomiianied  by  a  jirocess  of  hydration.  Water  iw 
^i^sential  to  all  forms  of  fermentation  ;  hence,  ferments  becumc  inert  when 
^^f'ed.  For  the  action  of  tlte  proteolytic  ferment  of  the  gastric  secretion 
^  tiintly  acid  reaction  is  esseutial,  as  is  also  the  case  for  the  f>epsindike 
'♦^rincTit  of  the  insectivorous  plants,  such  as  the  Dronera  and  Dunma, 
^^kh  have  the  power  of  digesting  albuminous  bodies.  An  excess  of 
f^\(\  will,  however,  interfere  with  t!)e  action  of  tlie  proteolytic*  as  well  as 
'^f  the  diastatic,  ferments  ;  the  same  liolds  gnod  fur  the  canst ie  idiialies, 
^Itliough  an  alkaline  reaction  favors  the  action  of  the  proteolytic  ferment 
^^^  the  jiancreatie  juice.  Salts  of  the  heavy  metals,  as  well  as  ether, 
^hlurofurm.  and  all  the  so-called  antiseptics,  |>revent  fermentation. 

Further  details  as  to  the  action  of  ferments  will  be  considered  under 
^e  study  of  the  digestive  juices  and  the  putrefactive  changes  in  the 
»iitoentary  canal, 

4.  lite  Comtumpfion  and  Development  of  Force  in  Cells"^, — The 
^ft'elopment  of  force  in  cells  \9  closely  dependent  on  the  cheudcal  inter 

'  Woadt,  **  Lehrbuch  der  Phyfllologie.*' 
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ohanges   occurring   in    the   iiiterit»r   of  cells.     Tlie   constituents  < 
clietnical  com[*oinHlH  are  held   together  hy  their  chemieal  ailmities,  and 
enn»|>f»und  atoms  heuee  exliibit  u  lesser  tentieiiey  to  form  new  coiobina^ 
tions  than  du  free,  uncombined  atoms.     When,  however,  a,  combLnatioi 
is  broken  up*  a«  by  some  external  Ibree^  the  separated  atoms  again  t-end 
to  unite.     There  is  again  a  iliilerenee  in  the  slability  of  ehemical  com-» 
pounds.     In  otlier  words,  new  corabinations  are  more  readily  formed  in 
Some  iiistanees  than  In  others,     Thus^  the  loosely -held  oxygen  atom  in 
hyd roL^en  ])eruxide  (Ilitti)  is  mueh  more  readily  given  up  to  form  fresh 
eondiinations  than  the  cioi=!ely-held  atom  of  oxygen  in  11,0,    Thus,  forcei 
wlireh  oidy  exist  as  a  tendenct/  to  produce  motion  are  termed  potentially 
forees;  thoise,  on  the  other  hand,  which  actually  maiislcst  themselves  i; 
m*>vements  are  actual  or  kinetic  forces.     The  teixknc}'  to  combine  is, 
therefure,  a  iKitential  force,  whicli  varies  according  to  the  free  or  com- 
bined state  of  the  atoms,  and,  in  the  latter  case,  according  as  the  atoms 
are  hehi  in  loose  or  clothe  eomlvination.     The  atom  released  from  chemical 
cumbinatiou  acquires  an  increased  potential  force,  while  an  atom  which 
passes   from   the   tree  to   the   combined   state   loses  in  potenlial.      In 
every  chemical  deenmposition,  or  tlie  passage  from  close  to  loose  com* 
pr»niids,  the  potential  force  is  developed,  while  in  the  formation  of  othei 
chemical  comi>ounds,  or  the  passage  from  loose  to  close  compounds,  thi 
potential  is  diminished.     Tlie  sep?*ration  and  union  of  the  elements  and 
funnation    of    ehemical    c^nupoumls    are,  tlierefure,   movements    of  the 
elements;    consequently',  iu  their  decomjiosition  or  composition  actuj 
force^i  arc  produced.    When  atoms  unite,  a  part  of  the  force  which  Ixjfora 
existe*1    as   a   tendency  to    form    co!id*inatton   (the   potential  force)  ia 
converted   into  actual  or  kinetic  force,  and   the  combination  has   lost] 
potential  to  that  extent  to  which  the  tendency  to  form  cnmbinntions  is 
satl.^fied.     In  deconi[)o-«ition  tiic  exact  opposite  holds.     In  order  to  break 
up  cond)!n!itions  an  external  force  is  required,  and  the  amount  of  poten- 
tial actpiired  by  the  atoms  is  precisely  equal  to  the  actual  force  emploved. 
It  follows  from  this  that  tu  the  act  of  every  chemical  composition  actual 
tnrcc  ia  liberated,  anil  in  every  chemical  dccomjiosition  actual  force  isf 
rendered  latent,  or  l&  converted  into  potential.    In  the  first  case  the  force  " 
devebipeil  is  equal  to  the  potential  lost  in  coml»inatiou,  and  in  the  second 
ca-HC  tlie  actual  force  rendered  latent  equals  the  ]ir4cntinl  force  developed. 
Where  a  loss  of  potential  occurs,  it  is  compensated  for  by  a  proportional^ 
development  of  act  mil  furee,  and  in  re  versa,  ^| 

The  same  rule  applies  to  all  forces  in  nature.  Every  develoimient 
of  force  is  to  be  regarded  as  a  cbnnge  from  actual  to  potential  force  or  the 
reverse,  or  the  transformations  of  diiferent  forms  of  actual  force.  This 
law  is  known  as^  the  conservation  of  energy.  The  forms  of  actual  force 
that  we  are  familiar  with  are  muvements  of  masses,  light,  heat,  and  elec-j 
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tricity.  All  the  actual  forces  have  a  teiulent-v  to  \ie  eonvertotl  into  a 
single  aetiitil  force,  heat;  thus,  as  the  lautitiiis  of  iMnlios  derrtiiKi^  thruujtrii 
fciction  and  the  resistance  uf  the  atmosphere,  rtiid  tin  thu  electric  ennent 
meets  with  resistance,  thej  are  converted  into  heat.  So,  also,  the  t\>vm 
of  movement  which  appears  as  actual  force  in  tlic  rorniiitiun  of  chemical 
conjp<»unds  is  usually'  manifested  l*y  the  development  of  heat,  or  occa- 
Moiial  light;  and  the  actual  forces  which  disappear  in  chemical  decoiupo- 
sition  are  again  usually  represented  by  heat  or  light.  Nearly  afl  bodies 
ure  chemical  compounds  ;  that  is,  their  atonic  arc  houn<l  tngether  hv 
their  attoity  for  their  atoms.  This  also  npplicH  to  the  isolated  elements 
which,  in  their  free  state,  exist  as  molecniet^  of  like  atoms.  So  hiug'  as 
no  external  force  is  bron^bt  to  bear  u[K>n  chemical  compoundH,  there  is 
no  tendency  to  decomposition  or  formation  of  new  componnds. 

Heat  is  the  most  ordinary  external    force  which  producei^  chcnucal 
change.     The  stability^  of  chemicid  comi>onnds  miiy  theiefore  be  meas- 
ured by  the  amount  of  beat  rc(pitred  to  hreiik  up  the  eoinijouiid.     Every 
compound,  even  the  most  stable,  may  be  lirokcn  up  if  the  heat  is  suf. 
ficieut.     While  CO,  refptlres  enormous  heat  to  decompose  it,  the  organic 
coinponndH  of  carlioii  arc  decomposed  at  moderate  tempenitnre.    i'onse- 
qnentiy,in  the  latter  ca^^e  the  atoms  are  loosely  combined  ;  that  is,  in  the 
formution  of  this  combination  not  all  the  potential  aHinity  is  converted 
into  actual  energy,  hut  a  conHitlciablc  dejirce  of  potential,  with  a  temlency 
to   form  compounds,  still  remivins.     When   to  such  compounds  licat  is 
applied  in  a  degree  equal  to  the  amount  of  actual  energy  liberated  in  the 
formution  of  tlu*  eomjiound,  the  atoms  jire  liljcrated  and  again  acquire 
their  original  potential  energy.     If  a  new  cnnd)jnation  is  now   Conned, 
the  potential  is  again  converted  into  actual  energy,  and  the  hitter,  in  the 
form  of  beat,  is  proportional  to  the  closeness   of  the  new  eompoond. 
This  is  the  process  which  is  concerned  in   the  burtdng  of  every  orgtiiuc 
compound.     Thus,  by  the  artificial  application  *if  bent  single  atoms  of  the 
coaibustible  body  and  of  the  atmosphere  arc  separated  and  their  combi- 
mlion   results  in   the   liberation  of  beat,  wbicli  is  itself  sutlieient   to 
lU'coiniKjse  other  atomic  comliinations,  and  the  ]nv>ceflses  of  combustion 
goea  on   by  itself.     The   entire   amount   of  heat   lil>eratcd    equals   the 
ditTerence  between  the  amount  of  heat  reijuired  to  break  up  the  organic 
f«)m|K>aud  and  the  amouid  libcratcil  in  the  formation  of  sini|>ler,  chjser 
compnimds*     If,  on  the  other  hand,  atoms,  if  they  are  se[^a rated    1)}' 
t^BRiderable  force,  do  not  enter  into  a  closer  but  into  a  looser  compound, 
^k>rpiictual  energ:y  is  lost  than  is  liberated,  and  a  deconi|»ositiou  results 
'"  *"liieh  a  certain  amount  f>f  heat  is  used  uik  which  in  the  new  condii- 
^lion  is  present  as  potential  force  for  future  combustions.     The  amount 
^n*otetitial  energy  is  therefore  dependent  on  the  closeness  of  thechendcal 
f^uibiaatioxij  and  not  on  the  separation  of  the   allinities.      As  a  rule. 
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the  closeness  of  the  combination  is  inversely  proportional  t6  its  com^ 
plexity. 

The  degree  of  potential  energy  of  a  combination  may  be  measnred 
by  the  amount  of  heat  liberated  in  its  combustion ;  thus,  a  heat  unit 
is  the  amount  of  heat  required  to  raise  one  gramme  of  water  one 
degree  C.  So  one  gramme  of  carbon  yields  8000  heat  units,  or  calorics ; 
one  gramme  of  hydrogen  equals  34,000  heat  units.  These  numbera  an 
greatly  modified  when  the  carbon  and  hydrogen  are  combined  or  enter 
into  combination  with  other  elements.  Thus,  when  pure  carbon  is 
oxidized  to  CO,,  the  heat  developed  is  less  than  when,  with  an  equal 
quantit}'  of  O,  CO,  or  combinations  of  GH  and  O  and  H,0  are  burned 
to  form  COi.  The  higher  the  atomic  weight  of  compounds,  the  greater 
the  amount  of  heat  given  off  in  combustion.  Thus,  fkts  yield  more  heat 
than  sugar  and  alcohol ;  but  while  equal  weights  of  such  high  atomic 
bodies  yield  more  heat  in  proportion  to  their  weight,  when  compared 
with  equal  quantities  of  oxygen  consumed  they  yield  less  than  simpler 
bodies,  as  sugar  or  alcohol. 

The  elementary  compounds  which  are  found  in  animal  and  v^etaUe 
cells  in  no  way  differ  fVom  those  found  in  inorganic  nature.  Similar 
elementary  substances  are  found  in  the  earth  and  atmosphere,  and 
become  constituents  of  animal  and  vegetable  organisms.  In  organisms 
chemical  affinity  exerts  the  same  sway  as  in  inanimate  nature.  Adds 
unite  with  bases  to  form  salts  within  cells  just  as  without;  no  one  of 
the  elementary  constituents  of  cells  has  lost  its  power  of  uniting  with 
oxygen,  and  the  products  so  formed  are  identical  with  similar  bodies 
formed  elsewhere. 

We  have  alread\'  traced  the  processes  occurring  in  animal  and 
vegetable  cells,  by  which  these  bodies  are  converted  in  the  former  from 
simple  elementary  substances  to  complex  organic  bodies,  and  in  the 
latter  again  reduced  to  their  simple  eleraentar\'  form.  It  is  evident  that 
the  animal  and  vegetable  cells  differing  in  the  chemical  processes  which 
occur  within  them  will  also  differ  in  the  transformations  of  energ}'  which 
occur  within  them.  Thus,  we  have  seen  that  vegetable  cells  containing 
chlorophyll  convert  stable  oxygen  compounds  of  carbon  and  hydrogen, 
CO,  and  H,0,  with  liberation  of  oxygen,  into  the  looser  oi^nic  com- 
pounds, such  as  starch,  or,  less  frequently,  glucose  or  fat.  Tlie3'^  therefore 
return  to  atoms  of  these  combinations  a  portion  of  their  potential  energy, 
which  in  the  original  transformation  into  CO,  and  H,0  they  had  lost  in 
actual  energy  in  the  form  of  iieat.  To  accomplish  this,  plant-cells  require 
the  assistance  of  an  external  force,  namely,  the  heat  and  light  of  the  sun, 
which  they  convert  into  a  chemical  potential  force  in  the.  resulting 
organic  compounds.  The  condition  is  more  complicated  in  cells  which 
possess  no  chlorophyll.     Here,  also,  the  reduction  processes  require  au 
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Bmal  force ;  but  in  sucli  a  i>roces8  as  the  maneraLcture  of  fat  out  of 
carlK>-hydrnte8,  or  the  syntliesis  of  albumiiioidft  out  of  earbo-hydrates 
and  inorganic  nitrogenous  com[>otiiic)a,  or  tlic  formation  of  Btardi, 
ceilulose,  etc.,  out  of  glucose,  the  pc>teiitial  energy  develo|*LHl  is  not 
derived  from  an  external  force,  as  tlie  light  in  chloroi>hyU  plants,  hnt 
from  a  force  inherent  in  the  cell  itself,  TbiH  force  is  nianilVsted  in  the 
oxidation  processes  occurring  in  colorless  protoplasm,  and  which  are 
evidenced  by  the  excretion  of  C0|  and  11,0  as  combiistiun  i>roduct!^. 
Thus,  in  the  synthesis  of  higher  earbo-hydrnteH  from  glucose  a  combus- 
tion results,  in  which  HjO  is  formed^  and  in  it  the  two  atoms  11  and  O 
are  more  closely  uidted  with  one  another;  in  this  jn-ocess  potential  energy 
is  ti^osfonned  into  actual  force.  In  order  to  eonii>reheud  the  formation 
of  frit  or  albuminoids  ont  of  oxygen  compounds  without  a  simultaneous 
libemtion  of  oxygen  there  must  also  alwa3's  be  an  additional  comlaistion 
of  loosely-combined  carbon  into  CO,;  from  this  it  follows  that  pure 
oxidation  processes  occur  in  such  cells »  such  as  the  fornjation  of 
vegetable  acids  out  of  carbo-hydrates,  volatile  acids  from  iixed  fatt}' 
acids, — processes  which  yield  a  certain  amount  of  actual  energy  in  the 
form  of  heat  J  of  which  a  part  is  aguin  rtindered  latent  in  the  formation  of 
chemical  potential  energy.  As  a  whole,  in  cells  free  from  chlorophyll  the 
processes  accompanied  by  the  liberation  of  actual  forces  preponderate 
over  those  in  which  actnal  energy  is  consumed.  In  every  such  celL 
therefore,  tliere  is  an  actual  develoi>ment  of  heat.  A  email  ]>jirt  of  this 
actnal  energy,  before  being  converted  into  heat,  may  be  transformed  into 
the  mechanical  movements  already  ilesi-rilKHb  Every  iudepeudent  organ- 
ism which  is  free  from  chlorophyll  manifests  changes  which  resnlt  in  the 
same  transformation  of  force  as  described  above  j  such  examples  are  seen 
in  the  ease  of  the  organized  ferments. 

The  animal  cells,  on  the  other  hand,  directly  appropriate  highly 
complex  substances,  sueli  as  albumen,  fats,  and  carbo-hyilratcH,  in  which 
a  high  degree  of  potential  energ>^  is  contained.  In  the  act  of  forming  liy 
oxidation  simpler  compounds,  snch  as  CO,,  11,0,  and  Nil,,  their  potential 
energ3^  is  tmnsformed  into  actual  force,  jjartly  manifested  by  heat- 
production^  and  by  protoplasmic  contractile  movements.  In  animal  cells, 
therefore,  the  main  chanicteristic  is  the  conversion  of  the  potential 
energy  of  organic  compounds  into  the  aetnal  forces  of  heat  antl 
mechanical  movements ;  the  process  being  much  the  same  as  has  already 
been  referred  to  as  occurring  in  the  vegetable  cells  free  from  chlorophyll, 
differing  mainly  in  intensity,  A  reverse  process  may  l>e  also  present  by 
which  actual  force  mny  be  consumed  and  potential  energy  storcfl 
in  the  formation  of  complex  albuminoids,  such  as  hsemoglobin,  or 
re-formation  of  albumen  out  of  peptones. 
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SECTION   I. 
Foods. 

Ix  comparing  the  metamorphosis  of  matter  in  animal  and  vegetable 
organisms  it  has  been  found  that  in  both  eases  there  exists  a  certain 
reUtionship  between  such  changes  and  the  surrounding  media.  In  the  two 
classes  of  organisms,  however,  these  processes  are  diametrically  oppo- 
site; for,  while  we  found  that  the  higher  plants  remove  for  nutritive  pur- 
poses CO,  fh>m  the  atmosphere  and  returned  O  to  it,  the  animal  economy 
retains  a  portion  of  the  oxygen  of  the  atmosphere,  not  remaining  fixed 
IS  such  in  the  body,  but  to  be  again  returned  to  the  atmosphere  as 
CO,  and  H,0.  For  plants,  consequently,  since  we  found  that  the  carbon 
of  the  CO,  and  a  portion  of  the  hydrogen  of  the  HaO  become  fixed  in 
their  tissues,  the  atmosphere  is  a  true  food ;  for  animals  it  merely  en- 
aliles  tissue  metabolism  to  take  place,  and  permits  of  the  maintenance 
of  animal  heat.  The  development  and  growth  of  plants  is  dependent  on 
the  liberation  of  oxygen  and  the  appropriation  of  the  inorganic  con- 
stitnents  of  their  foods.  In  animals  life  depends  upon  the  constant 
approprisition  of  oxygen,  its  union  with  the  different  constituents  of  the 
body,  and  final  elimination  through  the  hmgs  and  skin  as  CO,  and  H,0, 
aud  through  the  bowels  and  kidneys  in  other  simple  compounds.  There- 
fore, through  the  absorption  of  oxygen  there  is  produced  no  increase  in 
hulk  of  the  animal  body,  but  rather  a  decrease.  To  meet  this  waste 
of  the  organism  there  must  be  a  constant  appropriation  of  tissue-con- 
stituents.    Such  substances  are  called  foods. 

Nutrition  may  be  defined  as  the  functions  which  are  concerned  in 

the  preservation  of  the  individual.     Foods  may,  therefore,  be  defined  as 

any  substances  which  may  serve  nutritive  purposes.     The  body  being  in 

*  constint  state  of  mutation,  the  constituents  of  the  organism  are  little 

by  little  eliminated  as  the  result  of  this  mutation,  and  to  presence  the 

necessary  balance  must  be  replaced.     There  must,  therefore,  be  an  exact 

.correlation  l>ctween  the  constituents  of  an  organism  and  the  aliments 

required  b\'  that  organism.     The  demand  for  aliment  is  govenied  ])y  the 

Waste;  if  the  supply  is  not  as  great  as  the'waste,  the  ])ody  loses  weight. 

If,  on  the  contrary,  as  in  youth,  the  supply  is  greater  than  the  waste, 

the  bod}"  increases  in  weight.     When  the  losses  of  the  economy  reach 

a  certain   degree  without  a  sufficient  reparation   having  taken  place, 

when  the  disassimilation  exceeds  the  assimilation,  the  sense  of  hunfrer 

(157) 
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re? veals  the  wants  of  the  organism  and  creates  a  deoiaml  for  food.  If 
thtise  tleniaiids  are  Dot  atteudcd  to,  other  more  Btrious  phenomeni 
result.  These,  as  wcH  as  the  sensations  of  hunger  and  thirst,  wiil  hi 
described  at  ti  Inter  point. 

Not  only  must  the  aliments  taken  to  repair  waste  ha^-e  a  eertaif 
weight,  but  they  must  also  have  a  definite  quality,  sinee  nitrogenoui 
and  non-oitro;j:enons  material,  water  and  inor;^anic  i^ubstauees,  all  eseapi 
tlirou^h  the  variouj*  exeretions,  and  their  losses  must  be  supplied  ^bj 
analogous  aubstauces  in  quantities  in  proportion  to  the  amounts  losi 
by  excretion.  Under  all  cirenmstanees  tbe  foods  of  auinnils  are  op 
ganic,  and  these  foods  fur  the  most  part  eontnin  th(>se  inorganic  sub 
stances  already  ])re pared  which  form  the  direct  constituents  of  thg 
animal  1>ody  ;  they  are  therefore  analoo^ous  and  equivalent  to  what  thej^ 
replace.  The  animal  economy  does  not,  as  does  tlie  plant,  supply  iti 
nutritive  wants  by  s^^ntliesis  and  condensation  of  the  su!>stances  con* 
tained  in  itii  food  ;  but  it  requires  the  eonstitnents  of  its  flesh  and 
blood  to  be  already  formed  hi  its  food.  In  the  tleslj  of  the  herbivora 
the  earnivora  cons u rue  tlesh  similar  to  tlieir  own.  In  ]dants  the  he^ 
bivora  obtain  ready-fortued  constituents  of  their  flesh  anti  litood.  Th« 
end  products  of  the  activity  of  plant  life,  vcLretable  albumen,  and  othej 
eonstituents  of  vegetable  tissue,  serve  directly  and  without  further  exten- 
sive chemical  modification  to  supply  the  waste  in  the  animal  economy; 
eonsequently,  plants  act  as  the  food-preparing  organisms  in  the  general 
circle  of  life.  Tegetable  life  must,  therefore,  first  Inivc  appeared  on  tlie 
earth,  for  it  is  a  neceasavx' condition  for  the  existence  of  animal  life: 
lK>th  herbivora  and  earnivora  are  dependent  upon  the  vegetable  kingdom| 
for  food.  In  vegetable  matters  are  repeated  the  most  coTn|3lex  ingre- 
dients of  animal  tissues.  Chemists  have  been  so  struck  by  the  similarity 
of  such  iKxlies  that  they  have  designated  them  by  the  same  names*, 
Thus,  we  have  vegetable  albumen,  vegetable  flbrin,  vegetal>le  caseini 
representing  the  alhu ruinous  group.  Among  the  en rbo-ljyd rates  wet 
have  starches  and  sugars,  and  it  is  well  known  that  fats  nre  abundant^ 
in  the  vegetable  kingdom.  Animrils,  therefore,  find  their  tissue-eon«< 
atitnents  ready-made  in  their  food,  wlmtever  be  its  nature. 

The  prinei|iles  of  food,  whether  derived  from  the  animal  or  vegetable 
kingilom,  and  whether  a])propriated  bv  the  herbivora  or  earnivora,  are^ 
not  retained  in  the  organism  in  the  form  in  which  they  are  taken  as  food,^ 
They  must  first  be  subjected  to  certnin  moiliflcations  before  they  can 
Ijecome  ccuistituents  of  the  animal  tissue  or  juices  ;  in  otiier  words^  they 
cannot  fulfllt  tlieir  nutritive  purposes  until  the}^  have  been  subjected  to] 
preparfttory  modifications  in  the  digestive  tnlie.  These  mod iflent ions  are 
not  in  general  very  profound,  and  usually  consist  in  reducing  foods  to  a 
soluble  form,  if  not  already  so,  or  in  reducing  them  to  a  state  in  wh 
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abBorption  is  possible.  This  is  the  sole  eiitl  of  tUgostion,  Tlie  all  men ta 
lire  in  the  digestive  tract  split  up  into  their  nutritive  eleuicuts^  wbieU  are 
prepared  for  their  absorptiou,  while  the  ooii-uutritive  portionis  are 
exi>ened.  Thus,  the  blood  of  aDiinals  is  continually  receiving  iidditiona 
from  the  food,  which  it  carries  to  difiereut  organs  and  tissues.  Certain 
of  these  are  tixed  or  assimiluted,  replacing  analogous  substiinces  rendered 
unfit  for  carrying  on  the  vital  fy  net  ions  ;  the  others  are  modified  and 
de.stroyed.  There  is  thus  an  incessant  niovement  iu  theanimid  eeonomy, 
a  continuous  interchange  of  material^  and  a  double  current  of  entering 
and  expelled  materials.  This  double  current  is  marked  by  two  series  of 
chemical  phenomena,^ — the  one  terminating^  in  the  fixation  of  tlie  nutri- 
tive principles  in  the  economy,  in  their  assimihition  ;  the  other  in  liieir 
decomposition,  their  retrogressive  metflmorphosis,  or  their  disaasimila- 
tion.  The  etwemble  of  these  two  chemical  phenomena  constitutes 
nutrition. 

Foods  of  animals  are  destined  to  supply  the  waste  of  tissues.  They 
must,  therefore,  to  be  complete,  endu^aee  all  the  tissue-ingredients  which 
are  liable  to  waste.  The  statement,  therefore,  of  these  tissue-c'onstitnents 
will  be  also  a  statement  of  the  es^seutial  food-stiitrs.  Tlie  chief  constitu- 
ents of  the  blood,  flesh,  and  other  tissues,  as  we  have  seen,  may  be  classi- 
fied as  follow : — 

Obgakic, 

I 


Niirfifffnous. 

Album mous  Btulicfs  and 

their  Derivatives. 


iNimOANIC. 


Water. 

Alkaline  PliosphareB. 

PlioBphafir  Esinhs  ((^ilcinm,  MjiE:ncsluni}, 
Mn^nfRiiim  iukI  Calcium  Ciirbonali's, 
Pot4issium  Chloride, 


Ci\rbo-iiyilnUi"B  tirul 
H  yd  JO -car  bun  8, 


Sodium  Chloride, 
S<Hlium  Sid  I  din  !e. 
Pf )  I  n  ssi  u  111  S  u  1  p  it 4i  t e> 
Iron, 
Silicon. 


It  is  rarelj  the  ease,  however,  that  tbe?^e  siinjile  nutritive  subBtinces 
«Te  taken  separntely  as  food.  Ordinarily  the  alimentary  substances  are 
^m\m\  of  mixtures,  iu  various  prutMirtions,  of  the  sini|)[c  nutntivc 
substances.  Thus,  water  that  we  drink  contains  mineral  suits  in  solution, 
^eat  contains  water,  albuminous  bodies,  salts,  and  fats,  while  milk 
<^<>«tain9  all  the  alimentary  i>nnciples.  We  must  therefore  distinguish 
^Iween  simple  nutritive  substances  and  foods  which  contain  several  of 
^•leae  bodies. 

Ii  addition  to  the  simple  food-stnffs,  there  are  other  substances  not 
^^lohptig  to  any  of  tlie  above  classes  wliich  have  certain  nutritive  values, 
*icb  as  alcohol,  organic  acids^  tea,  coffee,  and  essential  oils.     These  are 


J 


I 


tornie<i  accessory  foods,  and  have  but   little  bearing  on  the  Btiitly  of 
iiutritifm  in  the  domestic  animals. 

Blood  is  the  chief  nutritive  fluid  of  animals.     What,  therefore,  is  to 
be  eonverted  into  tissue  must  iirst  lie  converted  intoblooii;  consequently,.  ■ 
the  substances  taken  in  food  must  be  converted  into  blood,  or,  at  least,  " 
pass  into  tbe  bh>od,  to  be  of  nutritive  value.     Blood  contfiins  al>out  S& 
per  cent,  of  water  aud  20  per  cent,  of  solids.     Of  the  latter,  1^  iiereent, 
is  organic,  consisting  of  allmminous  bodies,  fats,  and  carbo-hydrates,  the   - 
latter  being  represented  by  glucose  and  occurring  in  small  quantities.,  f 
Blood,  therefore,  contains  all  the  constituents  of  the  tissues  and  the 
elements  for  their  formation,  so  arranged  as  to  require  but  slight  cheni-  _ 
ical  modification  to  transform  them  into  tissue.     Blood  consequently  I 
contains,  in  suitalile  ffirm,  all  the  organic  elements  necessary  for  the 
formation  of  all  the  animal  tissues  and  fluids.     The  eonstituenta  of  the 
blood  and  flesh  of  the  carnivora  ai-e  absolutelj  identical  with  tlje  conslit-  ■ 
nenta  of  the  blood  and  flesh  of  those  animals  winch  serve  as  their  food. 
The  nutritive  processes  of  the  eaniivora  consist,  therefore,  in  a  simple 
nutritive   conversion   of  the   blood   and  flesh  of  herbivora*     Suclcling 
animals,  whether  herbivorous  or  carnivorous,  obtain  in  milk  what  might 
be  regarded  as  the  equivalent  of  the  flesh  of  their  mother j  since  milk 
ocmtama  representatives  of  nil  tbe  constituents  of  blood,   casein   and 
albamen  representing  tbe  albuminous  group,  butter  the  fats,  and  milk- 
sugar  the  carbo-liyd rates.     The  same  inorganic  salts  are  also  found  in  the 
milk  aa  in  the  blood,  and  water  in  precHsnt  in  large  amount. 

In  the  herbivora  the  nutritive  processes  are  not  less  simple,  since  all 
parts  of  plants  which  serve  as  their  food  contain  representatives  of  albu- 
minous, carbo-hydrate,  and  fatty  tissue-constituents  which  are  similar,  or 
almost  identical,  to  those  found  in  the  animal  tissues.  Consequently,  the 
vegetable  bodies  which  serve  as  foods  for  animals  contain,  ready  formed, 
the  constituents  of  animal  tissues,  and  the  nutritive  value  of  vegetable 
foods  is  in  direct  relation  to  the  proportion  of  these  substances  preseot 
It  may  therefore  be  said  that  animals  are  dependent  upon  the  inorganic 
matters  of  the  earth  and  air  for  their  food-stuflfs ;  for  from  these  inor- 
ganic constituents  of  the  earth^s  surface  plants  indirectly  create  the  blood 
and  flesh  of  herbivora,  and  in  the  blood  and  flesh  of  herbivora  the  car- 
nivora, in  a  strict  sense,  may  l)e  said  only  to  obtain  matter  of  vegetable 
origin  with  which  the  former  were  nourished.  Animals,  therefore^  through 
the  mediation  of  plants  are  built  up  out  of  CO,,  H,0,  NH,,  NOtH,  and  a 
few  other  inorganic  compounds  (Gorup-Besanez). 

What  has  been  said  about  the  renewal  of  the  organic  tissue^Iements 
might  be  repeated  for  the  inorganic  tissue-constituents  of  animals.  These 
are  also  obtained,  ready  prepared  and  read}^  for  assimilation,  by  both 
carnivora  and  herbivora.    The  inorganic  constituents  of  tbe  blood  of  tlie 
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herbivorous  animals  arc  preeLsely  Bimiliir  to  the  in  orphan  ic  constituents 
of  tbe  vej^etttble  matters  wbieli  serve  as  their  food.  The  inorganic  con- 
stituents of  tbe  blood  are  tlie  same  us  the  inorganic  constituents  of 
tissues.  Herbivora  and  carnivora  tfierefore  find  in  their  foods  their 
necessary  inorganic  tijisue-cun^^tituents.  The  statement  above  made  that 
animals  must  obtain  in  their  foods  constituents  of  their  Ijlood  and  tissues 
ready  preimrwl  may  be  modified  in  tlie  ease  of  the  ftits;  for  it  lias  been 
founil  that,  so  far  from  bein^r  derived  frotn  fats  laken  aw  food,  the  greater 
part  of  the  fats  stored  up  in  the  body  is  derived  from  the  breaking  up 
of  other  organic  bodies,  especially  tbe  albuminoids. 

L    \^GETABLE   FOODS. 

The  nutritive  prineipleK  of  vegetable  foods  are  disseminated 
in  various  proportions  in  ditferent  parts  of  all  vegetables;  there  is 
therefore  no  vegetable  which  is  intrinsically  incapable  of  serving  as 
animal  food.  But  al!  vegetaltles  do  not  contain  these  nutritive  principles 
in  equal  degrees*  or  in  such  a  stnte  a«  to  permit  of  their  isolation 
and  appropriation  V*y  tbe  animal  digestive  apparatus;  nor  are  they  in 
all  the  vegetables  free  from  noxious  principles.  Thns^  some  vegetables* 
as  tbe  berlmceous  |>lants,  contain  nutritive  principles  in  all  their  parts  ; 
others,  only  in  their  roots,  stem,  bark,  leaves,  fruity  or  juices.  Some  may 
form  suitable  foods  for  a  large  number  of  ditrerent  species  of  animals; 
others  are  only  c»apable  of  nourishing  a  single  species;  and  some  plants 
which  are  foiKl  for  certain  gronivs  of  animals  arc  poisons  to  others.  The 
parts  of  plants  alK>ve  tbe  ground — that  is,  their  stem,  lea%'es,  ilowerSj  and 
frnita — are  in  general  the  most  nutritions  from  the  time  when  vegetation 
is  well  commenced  to  the  time  of  flowering,  because  then  the  nutritive 
principles  are  not  yet  fixed  in  the  organs  of  fructification,  sind  tlie  jiarts 
in  which  they  are  disseminated  are  soft  and  tender.  Earlier  than  this 
the  berime  eons  plants  are  too  winter  y  and  later  too  dry  to  prove  very 
nutritious.  The  stems  of  leguminous  plants  are  nutritive  while  young, 
while  their  leaves  are  suitable  for  food  in  all  varieties  of  vegetation.  The 
roots  of  plants,  when  soft  and  succulent,  serve  as  food  for  many  animals, 
such  us  the  hog  and  liear,  the  tapir  ami  hippopotamus,  and  when  culti- 
vated form  valuable  food  for  man.  Soft  and  puli>y  fruits,  dried  fruits, 
nuts,  hulls,  and  seeds,  which  are  almost  invariably  rich  in  mucilaginous 
matters, — with  sugar,  starch,  oil,  and  nitrogenous  princi|>les, — are  often 
food  for  many  animnis.  Under  certain  circumstances,  parts  of  plants 
which  arc  usually  but  sligiitly  nutritive,  such  as  tbe  bark,  stems,  and 
roots,  or  even  woody  tissue,  may  serve  as  foods,  especially  after  li*^^ 
undergone  partial  deeompoAition,  for  many  animals,  particular 
'  and  other  rodents,  and  various  insects. 

11 
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Vegetable  foods  differ  from  foods  of  animal  origin  in  the  respect 
that  the  nutritive  principles  are  not  present  in  as  concentrated  form  as 
in  animal  foods,  and  the  non-nitrogenous  food-stuffs  are  present  in  much 
greater  abundance  than  the  nitrogenous ;  moreover,  vegetable  foods  are, 
as  a  rule,  very  much  less  readily  digestible  than  animal  foods,  from  the 
fact  that  the  nutritive  principles  are  inclosed  within  cellulose  capsules, 
which  offer  great  resistance  to  the  solvent  action  of  the  digestive  Juices, 
and  which  necessitates  fine  comminution  before  being  capable  of  being 
digested  and  absorbed.  As  a  consequence  of  this  the  residue  fh>m  the 
digestion  of  vegetable  matter  is  always  very  much  more  abundant  than 
from  an  animal  diet,  and  hence  the  intestinal  excreta  of  the  herbivora 
arc  always  much  more  bullcy  than  of  the  camivora,  or  even  of  the  oro- 
nivora.  Another  point  of  contrast  between  vegetable  and  animal  food 
is  found  in  the  difference  of  inorganic  constituents  of  the  ash.  Vege^ 
table  foods  are  especially  rich  in  potassium  and  magnesium  salts,  and 
comparatively  poor  in.  sodium  salts,  while  chlorides  are  present  in 
extremely  small  amount,  and  phosphates  in  considerable  quantities. 
As  already  indicated,  in  vegetable  tissues  representatives  of  all 
the  different  food-stuffs  are  to  be  found ;  thus,  vegetable  albumen  is 
present,  and  in  its  characteristics  ap|)ears  identical  almost  with  the 
albumen  of  animal  origin.  So,  also,  are  carbo-hydrates,  oils,  and  inor- 
ganic salts.  The  relative  proportions  of  these  substances  vary  in  difler- 
ent  plants.  The  usefulness,  therefore,  of  different  forms  of  vegetaUe 
food  for  different  nutritive  purposes  depends  upon  differences  in  the  rela- 
tive proportions  of  these  constituents.  The  vegetable  foods  may  be 
given  to  our  domestic  animals  in  the  fresh  8t»ite,  containing  their  nataral 
juices,  when  they  are  termed  green  fodder^  or  after  having  been  dried 
by  the  sun,  when  they  are  called  dry  fodder. 

Green  fodder  always  contains  a  large  amount  of  water  in  proportion 
to  the  solids  present,  the  proportion  often  being  75  per  cent,  water  to  25 
per  cent,  solids.  Of  the  solids  the  albuminous  bodies  ma}'  amount  to  10 
or  20  per  cent.,  the  non-nitrogenous  extractive  matters  varying  between 
50  and  GO  per  cent.,  while  cellulose  is  present  in  large  amount.  All  edible 
grasses  and  vegetable  tops  ma}'  serve  as  green  fodder. 

Dry  fodder  consists  of  the  stems  and  leaves  of  various  grasses  and 
plants  after  the  major  part  of  their  water  has  been  removed  by  evapora- 
tion by  the  sun's  heat.  The  proportion  of  water  to  solids  in  dry 
fodder  is  reduced  to  15  per  cent,  of  the  former  to  85  per  cent,  of  the 
latter.  Of  the  solids  of  dry  fodder  cellulose  constitutes  from  20  to  40 
per  cent.,  a  moderate  amount  of  albuminoids  and  carbo  hydrates,  less 
fat,  and  a  maximum  of  inorganic  matter. 

Green  fodder,  as  a  rule,  is  more  readil}-  digestible  than  dr}-  fodder. 
Thus,  experiments  made  hy  feeding  oxen  at  one  time  with  fresh  red  clover, 
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another  time  with  the  sarao  material  cArefiilly  dried,  have  showirthe 
following  excess  of  matters  digested  in  favor  of  the  green  fodder : — 


Solids,      . 
Pmteids,  . 
Citr  bo- hydrates, 
Fats, 
Cellulose, 


2.8  to   5.5  per  cciiL  more  digt-Bted. 

8.7  Ui    a.2        

41  to    5,6 

2.4  ro  2L0        *'  "  •* 

2,«  to    0.2 


The  attempt  has  Ijuen  made  to  attribute  these  results  to  tlie  reduc- 
tion in  digestibility  acquire<l  in  the  proeeases  of  drviiig*  This  is  uoIt 
however,  the  case,  since  there  is  an  actual  loss  of  digestible  luntter  in 
the  prueesises  of  fermetitation  Tvhich  oeciu*  in  the  act  uf  drying.  Green 
fodder  is  esi>eeially  adapted  for  all  rtuninants,  and  for  young  borses  alter 
the  completion  of  tbe  llrst  year.  Scarcely  any  single  green  fodder  is^ 
however,  suited  for  forming  the  single  food  of  horses  or  slieep.  The 
jiercentage  of  water  of  most  green  fodders  in  every  stage  of  growth 
amounts  to  from  70  to  90  per  cent.,  and  there  are  but  few  green  fodders 
which  contain  so  little  water  tbtit  they  may  serve  without  the  mixture  of 
any  dry  fodder  for  feeding  sheep  or  horses.  Cattle,  on  the  other  hand, 
require  a  watery  food,  while  hogs,  on  account  of  the  arrangement  of 
their  digestive  apparatus,  are  only  capable  of  digesting  small  amounts 
of  the  youngest  arul  most  tender  green  foods.  Green  fodder,  as  a  rule, 
is  the  more  Jiutritious  the  younger  and  more  tender  it  is,  sinee^  in  spite 
of  the  greater  amount  of  water  contuined  in  this  period,  it  i\ho  contains 
a  larger  amount  of  nitrffgenous  nutritive  sultstanees,  is  more  stimolnting 
to  the  appetite,  atid  is  more  readily  digested.  Thus,  it  has  l>een  found 
I  hut  in  the  English  ba^'  gniss  {Lolium  perenne)  the  compositiou  varies 
as  follows  (Pott)  t — 


I 


W'ater, 

On  the  mil  of  May 81.3 

From  tlir-  2'>\h  lo  the  27th  of  May.  .  8^.5 
On  the  l*)th  of  June.  .  .  \  ,  82.9 
<Jn  Ibo  24(11  of  .iMru-.  ....  82.4 
On  the  10!h  or  JnTv.       ....     82.2 

On  the  22*1  of  Jidy. 7*?  » 

On  the  l.'»tli  of  August,  .        ,         .74.8 


Cellulaae.    rroteiil^. 


17.7 

27.1* 

21.4 

PIU 

22.4 

14.« 

2:10 

12-8 

Z2J> 

11. U 

28.  e 

12.5 

2il.7 

7.8 

Similar  results  have  been  obtained  in  the  ease  of  clover  and  prairie 
hny.  From  the  fact  that  green  fodder  in  early  spring  is  so  rich  in  pro* 
teid«  it  is  advisable  in  this  time  of  the  year  to  administer  it  mixed  with 
chopped  straw  that  the  fodder  l>o  not  too  ricfi  in  nitrogenous  compounds. 

The  following  represent  the  principal  vegetable  food-stufls  :  the  seeds 
of  the  grains,  or  the  cereals ;  the  hulls  and  fruits  of  the  leguminous  plants  ; 
the  vegetables,  as  potatoes,  turnips,  and  beets;  and  hay,  grasses  and 
straw,  of  the  green  and  dry  fodders: — 

1.  The  Cereals.^ — Wlieat,  barley,  corn,  rice,  and  oats  belong  to  this 
group,  and   are   valuable   food-stutls.      Their   chemical   composition  is 
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subject  to  Variations  dependent  upon  tbe  mode  of  eulttire,  tli€  nature  o{ 
the  soil,  and  the  climate.    They  all  contain  a  small  amount  of  water  ami 
cellulose  in  proportion  to  a  large  amount  of  solids  (oAer  80  per  cent.)  in 
which  noii-nitro^enous  extractives  and  inorganic  matters  are  in  exces 
The  following  table  gives  tbeir  average  composition: — 


In  100  imrU. 

Water, 
Albumen,    . 
Pat. 
Carbo-hydrates 

nitrogenouB 

matters,  . 
Cellalose,  . 
Ash,     . 


Wticat.       Ry^       Bsirlcy.       Oats^         Ulce,       C6tii» 


and    noQ' 
extmctive 


!S16 
124 

1.7 


67J 

L7 


16,3 
11.4 

L7 


e7J 
L8 


13J 
11. S 

2.1 


65.5 

4.8 
%3 


13.5 

11,0 

5.a 


57.5 

8.1 
3.3 


KV3 


71!.  4 

oa 
1,1 


13,11 

mi 

48 


ei8 

L7 


The  cereal  grains,  of  which  wheat  maj  be  taken  as  a  type,  consii 
of  a  number  of  layers  arranged  i^ccentrically.  As  tuaiiy  as  seven  differenj 
layers  have  been  reco^nize<J*  Externally  there  is  the  extenial  menibmiie 
or  epidermis;  witbin  tUat  the  epicarpium;  3d,  the  eudocarpium  ;  4th^th€ 
pigment-layer,  or  the  testa,  which  in  wheat  is  a  reddisU*bi^wn  membrane,fl 
and  gives  to  wheat-grains  their  charaeteriBtic  color;  ath,  the  tegmeu^  of 
external  nuclear  memlirane,  below  which  are  found  a  number  of  dice- 
shaped  cells  (the  perispertii),  which  were  formerly  spoken  of  as  glutea- 
cells,  in  which,  however,  the  contents  are  ujainiy  stnreh  ;  and  it  is  within 
the  endosperm  thzit  the  albuminous  contents  is  eoritained  between  the 
starchy  granule-^.  For,  if  a  grannie  of  wheat  is  divided  ami  touched 
with  a  drop  of  Millon's  solution,  it  will  be  seen  that  the  contents  of  the 
endosperm  only  stain  purple,  while  the  shells  and  the  so-called  glaten- 
cells  remain  unchanged. 

When  wheat  is  subjected  to  the  action  of  a  digestive  fluid  the 
albuminous  bodies  of  the  endosperm  are  dissolved  and  the  starchy 
granules  become  separated,  while  the  hulls  and  so-called  gluten-^cells 
remain  entirely  unaffected.  The  hulls  contain  a  certain  amount  of 
albuminous  bodies,  and  are  employed  in  bran  and  in  black  bread,  and 
have  considerable  nutritive  value.  In  the  so-called  gluten-cells  a  ferment 
seems  to  be  present  which  has  been  called  cerealin,  and  which  seems  to 
interfere  in  some  way  with  digestion,  and  as  a  consequence,  although 
bran-bread  is  to  a  certain  extent  nutritious,  it  is  yet  difficult  to  digest 
In  grinding,  the  external  hulls  or  capsules  are  bursted  and  the  contents  | 
reduced  to  a  fine  powder  in  the  mill,  and  thus  become  more  digestible. 
Hulls  which  are  separated  from  the  internal  contents  by  milling  always 
contain  a  certain  amount  of  albuminous  matter  and  starch  clinging  to 
them,  so  that  even  the  chaff,  or  the  hull  or  bran,  contains  considerable 
amounts  of  nutritive  matter,  and  may  be  used  as  fodder.  Bran  from 
wheat  has   been  found  to  contain    13  per  cent,  water,   14.5  per  cent 
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albuTnen,  2  per  cent,  fat,  53  per  cent,  carbobydnites,  ami   11.5  per  cent, 
cellulose. 

The  pre|MLmtion  of  bread  dt^peuds  upon  the  ferniL'iitiition  produced 
throiigb  the  actioti  of  the  yeust-plant  in  rje-  or  wheat-rawil  mixed  to  a 
tUick  paste  with  w:iter,  the  so-ealk'd  doujufh,  ami  allowed  to  iVTiiieiit  at 
alK>ut  30'^  C.  TfiriHigh  the  action  of  the  yeant  piirt  of  the  Ktart-h  m 
converted  into  dextrin  and  sugar,  of  which  a  part  a*;aiii  undergoes 
further  decomposition  into  carljon  dioxide  and  alcohoL  Tlie  l>id»hlcH  of 
tJie  former  serve  to  render  the  *lough  light  and  jiorous.  In  liakin*^  the 
gas-bubbles  ex^kand  through  the  heat  ajid   render  the  bread  tstill  more 


Pia.  i^— ABITTIOK  OP"  A    WniEAT'ORAIN,  MA.ONirrBt>    mo  DtAMKTKR«»  AFTEU 

Tk  K  A  H .     C  l^t^nh  ojft-r.  y 

|,«fU«nAti :  2.  aplflftrplVM  ;  3,  %a4oetkryinm  ;  4,  t««u ;  5,  tAgman  ;  6.  (<cHflr«rm  :  7.  euanvpQno. 

pomu^i,  and  therefore  more  permeable  to  tlic  digestive  juices  and  more 
reibdily  digc^^tible,  whik  in  the  action  of  the  heat  a  certain  amount  of 
stAn.*h  10  still  further  converted  into  dextrin  and  sugar.  The  nutritive 
properties  of  bread  deiiend  upon  the  starch,  dextrin,  snpnr,  and 
albumen  which  are  contained  within  it.  Bread,  therefore,  contaiiiii  all 
the  nutritive  principlea  in  some  amount,  as  a  certain  amount  of  oils  and 
inorganic  salts  are  also  present »  altbongli  the  car bfi4iyd rates  are  iiresent 
in  the  large**t  proportion.  It  has  liccn  estimatt'd  that  a  man,  to  obtain 
the  neeesaary  amount  of  albumen  required  fur  his  daily  ration,  would 
h&ve  to  consume  three  pminds  of  bread  dadly, 

Oat«,  rye,  and  corn  abo  have  their  various  constituents  arranged 


1 
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in  concentric  layers,  in  which  also  the  so-called  gluten-cells  are  to  be 
recognized,  as  well  as  numerous  free   starchy  gi^iuiles.     The  relative 
pro[>ortiuns  of  the  diifertMit  coriBtltiienis  vary  in  different  Bnm pies,  and 
hence  the  nutritive  value  oT  these  gniins  de| mentis  ujion  the  method  of 
cultivation,  etc.     Corn  and  rye  are  especially  rich  in  starch,  but  are 
poorer  than  wheat  in  albumen.     By  soaking  in  boiling  water,— the  only 
way  ill  which  rice  Ib  n^cd  as  a  food, — t!ie  stareh-granules  Ijecome  par- 
tially converted  into  soluble  starch,  through  the  rupture  of  the  cellulose 
membrane  and  solution   of  the  granulose  in  water.      So  prepared,  tlie 
starch  of  corn  and  rice  is  eapable  of  being  entirely  absorbed,  while  only 
20  to  »iO  |>er  cent,  of  the  albuminous  matter  escajies.     Barley  and  oati 
are  food-eonstitnents  which  are  especially  valuable  for   horses  when  aj 
large  amount  of  nutritive  principles  in  a  con  cent  rat  etl  fono  is  requireiL 
Rye  is  poorer  iu  albuminous  princij>les  than  wheat,  but  is,  neverlheless, 
a  valuable  food-stutl*.     From  the  point  of  view  of  tlie   percentage  of 
albuminous  matter,  wheat  occupies  the  first  place  in  nutritive  value  of 
the   cereals,     lu   1000    parts    13.^.58    parts  of   albuminous   matters   are 
present.     The  amount  of  starch  of  wheat  is  only  exceeded  by  the  carbo- 
hydrates found  iu  eoro  and  rice.    The  following  table,  after  Thanhotler, 
shows  the  amounts  of  these   substances    present   in   1000   parts  of  the 
priueipnl  cereals,  legunnuons  plants,  and  tubers : — 


In  Um  psxTtA.     Wlieat, 

Rye. 

Harley. 

Oats. 

''  Com, 

Albumen,      Vl%M7 

107.5 

122.5 

90.3 

78.0 

70.0 

Stanb,           5.">rt(j4 

555,0 

482.5 

5o:j,5 

457.0 

637.0 

Drxtriu,          4H..1 

H45 

.     .. 

,     . 

»     • 

Sn^ar,              48.5 

2H.75 

. 

, 

('eljutose,        32.5 

49  5 

»7i 

110.5 

233.6 

Flits,                 .     . 

•     - 

.    , 

nA^ 

In  lOOii  fKirta 

Fetift. 

Beans, 

l^iitUs. 

Pntnr*M«. 

Albumen^ 

22:15 

225.2 

205.0 

13.0 

Starch, 

,     . 

154.5 

From  the  above  table  it  is  Hcen  that  the  amount  of  starch  presents 
in  rye  is  somewhat  less  than  that  of  wheat,  but  that  it  cont^iins  nearly  J 
twice  as  much  dextrin ;  and  yet  the  cellulose,  which  is  almoat  entirely  indi-j 
*Xesti!>le,  is  in  lary:er  amount  than  in  wheat.     In  1>arley,  a  [rain,  there  is  usu- 1 
ally  a  lar*rcr  amount  of  albuminous  matters  than  in  wln-at,  but  also  three] 
times  as  much  cellulose,  and  a  considerably  smaller   amount  of  starch.] 
Barley  ijrown  in  Sunt  hem  latitudes  is  said  to  have  a  hijjher  |>ereentac:e 
of  albuminous  nuittrr  tliari  is  representeil  above,     Oats,  aj^ain,  contain  a 
smaller  amount  of  albumen,  a  lartjer  amount  of  cellulose,  and  a  larger  h 
amount  of  starch  than  barley.     It  thus  falls  considembly  below  wheat  ™ 
in  alluimiuous  and   starchy  matters,  but  exceeils  wlient  in   the  amount 
of  cellulose  present,     Hfipe-sced,  apfain,  contains  twice  as  much  cellulose i 
aa  oats,  and  even  less  albumen  than  starch.     Corn  contains  the  smallest  | 
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Amount  of  albmninous  matter  of  all  of  the  cereals,  but  a  larger  amount 
of  starch  tliaii  nny,  and  nlso  eonlains  a  cuiisuleraHe  ijuantity  of  oil,  and 
is  therefore  a  usefui  food  for  iutteirmj^  purjKjsew,  11  ice  eon  tains  only 
5  per  cent,  of  albummous  matter  and  82  per  cent,  of  readlly-iligestible 
stareb. 

The  nutritive  value  of  oats  is  very  largely  governed  by  the  character 
of  man  lire  f  and  other  modes  of  cultivation.  The  composition  of  oat- 
gralas^,  according  to  Pott-^  is  about  as  follows  :* 

Bolids.       ,...,.,.  8«,S  per  cent. 

Pmieida,  ....,,.,  12.0 

Fats,  . (10      " 

C'arho-hydrales ,         ,  5<t,8       ** 

(^wHidose,  .......  Ut>       <* 

AfiU.  . 2.7      " 

The  nitrogenous  matters  of  oaLs  consist  in  part  of  all>iimen  (0.46 
to  2.3  per  cent.)»  gliarliu,  tlie  so-talied  vetretable  casein,  the  latter  appear- 
ing to  be  almost  identical  witb  gluten-casein  and  legumin.  lu  addition, 
oat6  appear  to  contain  a  nitrogenous  alkaloid,  the  so-called  avenine, 
which  possesses  tbe  ] property  of  acting  as  a  nerve  stimulant,  Tliia  is 
more  abundant  in  darkel"  sorts  of  oats,  its  amount  depeiidiiig  upon  con- 
ditions of  climate,  soil,  etc.  It  may  amount  to  0.9  per  cent.  It  also  has 
been  found  by  Ellenbcrger  and  Ilofmeistcr  that  oats  contain  at  least  tliree 
ferments, — an  amykdyttc,  a  proteolytic,  and  a  lactic  acid  feruicut.  These 
lerments  are  destroy etl  by  the  temperature  of  boiling  water,  but  in  the 
stomach  of  the  domestic  animals  exert  their  activity,  and  are  to  be 
regarded  as  import  ant  IVtctorn  iu  the  gastric  digestion  of  these  animals. 
The  most  active  of  tliese  ferments  is  tlie  starch  ferment.  It  has  been 
found  that  in  a  digestion  of  three  hours"'  duration  with  water  2  per  cent. 
of  sugar  resulted  from  the  action  of  this  ferment  alone.  The  lactic  acicl 
ferment  is  considerably  weaker,  and  it  is  stated  that  in  a  digestion  of 
three  hours' dui-ation  0.1  )>cr  cent*  of  lactic  acid  was  formed,  while  0.2 
per  cent,  was  formed  in  seven  hours.  The  proteid  ferment  is  stated  to 
dissolve  from  0.5  in  three  hours  to  1  per  cent,  of  proteid s  in  six  hours. 
These  results  were  obtained  by  the  simple  digestion  of  a  mixture  of  oats 
and  water,  kept  at  the  temperature  of  the  body.  They  have  a  practical 
application  to  the  subject  of  digestion  aw  occurring  iu  animals,  and  point 
to  tlie  fact  that  in  disturbances  of  digestion  in  domestic  animals  the 
admin istnvtion  of  vegetable  food  in  a  raw  state  is  preferable  to  its  nse 
after  boiling,  and  will  further,  perhaps,  explain  the  high  degree  of  di gesti- 

♦  It  will  be  noUcex^l,  in  comparing  the  illlferent  tables  of  the  compoBltfoa  of  vejeretable 
foddeiD ,  tliatt  tlierti  is  c*>ojtii1eriible  di«cru|)aiu'y  in  the  pert'cntagrofl  given  of  the  diffcreut 
BQtiltlve  prlticiplp«.  Tills  ie  to  be  accounted  for  by  different  effects  of  cultivation,  etc,, 
itt  th0  various  samples  auaJjzcd. 
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bility  possessed  by  oats.     Wolff  has  found  the  followiog  amoutitd  to  be 
digested  of  the  dilierent  constituents  of  oats : — 

Prateidft.  FaU.  Carbo-hydrateii. 

Kuminants,    .     7T.3  per  cent,    82.4  per  cent     7:I7  per  cent. 
Horses,  ,        .     80,0        -  77.6       -  7ti.3       •• 

The  carlm-hydrate  fonstituents  of  oata  are  representeii  priuci  pally 
by  starch,  although  from  3  to  6  per  cent,  of  sugar,  L25  to  4.51  percent  M 
of  glim  aud  dextrin  have  been  found,     Oats  are^ above  all^tlie  best  force- B 
developing  food  for  horses, — a  fact  which  is  universally  recognized.    To  V 
foab  at  first  only  crushed  oats  shotdd  be  triveu,  tlie  transition  to  whole  ■ 
oats  being  only  gradually  accomplished.    Oatmeal  is  also  a  gooil  addition   ■ 
to  the  food  of  milk  cattle,  and  is  said  to  increase  both  the  amount  of 
milk  and  the  amount  of  butter.     As  a  fattening  food  for  cattle  oats  are 
not  pre  fern!  lie  to  other  cereals.     In  the  natural  form  oat-grains  are  not, 
as  a  rule,  sufllciently  masticated  by  the  ruminants,  and  therefore  their 
maximufn  nutritive  properties  are  nut  appropriated.     It  is  therefore  the 
custom  to  feed  oats  to  these  animals  cither  crushed  or  in  tiie  form  of  oat- 
meah   Siieep,  which  as  a  rule  masticate  their  food  better  than  other  rumi-  ■ 
narits,  are  for  this  reason  capable  of  digesting  larger  amounts  of  oats. 
Oats  are  also  a  valuable  food  for  birds.     In  Pomejunia  geese  are  fatleuiMi 
almost  solely  on  this  food.     It  has,  however,  the  disadvantage  of  causlnj^ 
a  thin  and  unpleasant  adipose  tissue  in  these  animals.     In  America  oats  — 
are  roasted  with  suet,  and  it  is  stated  that  hens  fed  ou  this  food  areH 
especially  prolific.     Ontmeal  is  richer  in  cellulose  than  the  other  meals,  I 
hut  it  is  also  at  the  same  time  ricluT  in  proteids  and  fats.     The  average  ■ 
composition  of  oatmeal,  according  to  J.  Konig,  is  about  as  follows: — 

Wiupr,       , 10.1  per  cent. 

Troteids, 14-H       **  ^^^ 

Fats 5.7        *'  ^^H 

Bii^^ur, 2  *i        *'  ^^^H 

Hum  aad  dextrin, ^.1        **  ^^^M 

Slarrh 00.4  ^^H 

Cellulose, 2.2        **  ^^^M 

AsU,  2  0"  ^^M 

Oatmeal  is  especially  valuable  as  an  accessory  food  in  the  nourish- 
ment of  young  animals,  especially  young  dogs,  when  it  may  Ix?  mixed 
with  milk. 

Oat-straw  has  the  following  composition  (Pott)  : — 

Sr^lids, 616.6  per  cent. 

Prciteids, 3.3        " 

FatR 1,4        '* 

Ciirhodi  yd  rates,        ......  42.^5        " 

Cellulose,  ........  33.3        '* 

Ash, 6,3        ** 

It  is  the  most  nutritious  of  the  cereal  straws.  Enmlnants  digest  of 
the  proteid  matters  40.7,  fats  30.1,  carbo-hydrates  45.5  per  ceJit 
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H        In  the  form  of  chopped  fodder  it  is  a  valimble  addition  to  the  fi>od 
Hbf  the  ruminants  and  horses.    Care  must  Ik?  taken  that  the  straw  has  not 
been  kept  in  a  moist  place  ;  otherwise,  wlien  ft^d  to  milk  cuttle,  an  unpleas- 
^^Jt  taste  will  be  given  to  the  milk. 

■       It  has  been  stated  that  of  all  the  cereals  oats  are  the  richest  in  oil 
I     and  albuminoids,  according  to  Mr.  Riclinrdson  (Jmer,  Chenu  Joiirn.^ 
October,  1886},  the  average  for  tlic  funrier  Iw^ing  8.14,  and  for  the  latter 
14.31  per  cent.     The  composition  ma}^  be  placed  as  follows,  in  its  dis- 
tribution in  the  kernel  aii<l  hidl: — 


Kernel. 

Water. AM 

Aah,    ......  150 

Oil 5.70 

Ciirbo-hydmles,          .        .        .  4*5.1*6 

Cnitie  fibre 0.97 

Albuminoids,      ....  lOAiij 


HalL 

Whale  Grain. 

1.57 

0.43 

l.«8 

3.18 

0.24 

5IH 

20.41 

67.  in 

5.:i<5 

iV33 

0.74 

10  70 

70.00 


do.oo 


100.00 


■  It  is  thus  seen  that  Richardson's  analysis  of  American  oats  differs 
from  that  given  by  other  authorities.  He  [ilaccB  tlie  percentage  of  wtiter 
lower    than   that  of  other  aualynistt,   whilst  tlie  principal  increase  of 

Hlk^lids  i»  found  in  the  oil  and  inorganic  constituents,  bis  estimation  of 
protetds  agreeing  with  that  of  others.  The  constituents  of  oats  are, 
liowevcr,  very  greatly  subject  to  tlie  climate  in  which  they  are  grown, 
and  Mr.  Richardson  has  found  the  average  albuminoids  in  the  grains 
distributed  as  follows  over  the  diflcrcnt  sections  of  the  United  States i — 


Korlhern  Btatea, 
Southern  Statea, 
Pacific  Slope.  . 
Atlantic  81ope« 
Westera  Stales, 


10.06  per  cent. 
10  mi 
ti.«0      " 
10,70      ** 
1L24      " 


These  figures  are,  however,  deijendent  upon  the  |>ereentage  of  husk, 
and  not  on  peculiarities  of  tlieir  kernel,  and  therefore  the  projiortion  of 
liu^k  to  kernel  and  the  compactness  of  the  grain  prove  to  be  the  most 
imiKtrtant  factors,  and  Ihe  wci*jht  per  Inishel  the  liest  mcanB  of  judging 
^'f  the  value  of  the  grain,  Oats  having  the  husk  are  necessarily  lieavii^r 
in  weight  per  one  hundred  grains.  The  heaviest  oats  are  from  the  I'aeific 
^'ope,  and  the  South  iitnks  next,  owing  to  the  large  size  of  the  grain, 
n  Weight  [>er  bushel  Jiowever,  llie  fluJTy  husk  of  the  Soiilhciii  grain  makes 
tlhe  lowest  in  the  couutry,  while  the  Pacific  Slope  contains  the  highest 
gUt  per  busltel,as  also  in  size  and  weight  per  hundred,  showing  the 
iri  to  be  plump  and  well-fdied.  The  heaviest  weights  per  bushel 
ttTiained  by  Mr*  Richardson  were  found  in  sjiecimens  from  Colorado 
id  Dakota,  weighing  48.8  and  48.B  poumls.  The  lightest  were  from 
,al)a»aa  and  Florida,  24.7  and  2ft.9  pounds,  res|iectJvely.     lie  found  an 
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average  of  3t.2  pounds,  the  common  legal  weight  being  32  pounds  toth^ 
bushel. 

Of  the  group  of  horde um  (barley)  various  representatives  are  usefuL 
as  green  fodder,  but  more  especially  their  grains  and  straw.     The  com- 
position of  barley -grains  Is  greatly  modi  tied  by  the  locality'  of  growth, 
and  mode  of  cultivation.     The  follow ing  repreaents  aliout  tbc  average 
composition  i* — 

Solids,       ,        , 8f>.2  per  cent. 

Nil ri>genoua  bodies, 11.2        " 

Fals 2.1         - 

Noil -nitrogenous  bodies,  .        ,        ,        .        .  05.5        *' 

Cellulose 5,3        '* 

A«h, 2.2        ** 

The  proteids  of  barley  consist  in  a  large  part  of  gluten-casein, 
glnten-fibrin,  niueedin,  and  albumen.  No  gluten  can  be  obtained  from 
barley-meal.  The  carbo-hydrates  consist  of  starch,  from  1  to  2  J  per  cent. 
sugar,  and  1  to  7  per  cent,  dextrin.  The  digestibility  of  the  barley-grain 
is  placed  by  Wolff  as  fallows: — 

Ruminants.              Horae^                    Hogs.  ^H 

Proteids.  .               77  per  cent.  80.3  per  eent.  78.2  per  ceot.  ^^^H 

FjiU,                  .     100  42.4  6H4  ^^H 

Ctirljo-liydrates,     87       "  Bl/d      **  mO      **  ^^^ 

The  barley  grains  are,  therefore,  readily  digestible,  and  in  the  form 
of  meal  form  a  food  of  the  first  class  in  nutritive  properties  for  cattle, 

and  are  especial  I  y  valued  for  the  good  influence  which  tliey  exert  on  the 
i|Uality  aud  quautity  of  the  milk  and  Initten  For  liorses  also  they  may 
be  used  to  a  certain  extent  as  a  snlmtitute  for  oats,  given  in  the  entire 
form,  mixed  with  ebo[>ped  straTv.  To  old  horses  or  foals »  on  the  other 
hand,  barley  should  1>e  given  as  meid,  or  after  being  crushed.  It  has 
been  stated  that  if  the  barley-grains  are  swallowed  whole  they  swell  up 
in  the  stoniaeh,  and  may  produce  serious  colic.  Therefore,  the  animals 
should  receive  water  about  half  an  hour  before  being  fed  with  brirle}*- 
grains.  The  Aj'alm  make  Use  of  barley  almost  solely  as  food  for  their 
liorses,  and  administer  it  in  the  entire  condition.  Barley-meal  has  the 
fuUowing  conipusition:^— 

Solid*, RT.7  per  cent. 

Proteidf, ILB 

Pain,  , ,      :ift       •• 

Carbo-bvdrtttea 52  0       ** 

Celluloaei 14.3       " 

A«U 6.2       •• 

Barley-meal  is  frequently  adulterated  witli  various  mineral  snb- 
staneet*,  such  aj?  clay,  chalky  or  plaster,  which  may  eanse  it  to  prove 
hurtful.  Such  athdterations  nmy,  however,  Ijc  readily  recognized  by 
microscopic  examination.     Barley-straw,  especially,  as  is  often  the  caacj 
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if  grown  with  clover,  forms  one  of  the  best  of  the  cereal  straws,  the 
straw  of  wmter  barley  being,  however,  the  poorest  in  nutritive  substances 
of  any  form  of  straw.   The  following  is  the  composition  of  barley-straw : — 

Solids 85.7  per  cent. 

Nitrogenous  matters,        .  .        .'3.4       " 

Fats, 1.4       *' 

Non -nitrogenous  extractive  matters,  .84.7       ** 

Cellulose, 41.8 

Ash 4.4       " 

The  following  is  the  composition  of  barley-straw  when  grown  with 

clover:—  * 

Solids, 85.7  per  cent. 

Nitrogenous  bodies, 6.5  '' 

Fats. 2.0      '• 

Non-nitrogenous  extractive  matters,       .        .  82  5  ** 

Cellulose 88.0  *' 

Ash, 6.7  *' 

Barley-straw,  therefore,  grown  with  clover,  almost  approaches  an 
average  hay  in  nutritive  value.  The  ruminants  digest  the  following 
amounts  of  the  different  constituents  of  barley-straw : — 

Proteids, 20  per  cent. 

Fats, 41.6     *' 

Non -nitrogenous  extractive  matters,  .        .    54.1     **. 

Barley-bran  agrees  in  its  general  properties  with  the  bran  of  the 
better  cereals.    It  contains — 

Solids, 85.8  percent. 

Proteids, 3.1 

Fats 15       " 

Carbo-hydrates. 38.5       *' 

Cellulose 30.3        - 

Ash 12.4       " 

Barley -bran  frequently  contains  large  quantities  of  the  barley-bristles, 
and  should  then  only  be  given  to  animals  after  being  boiled  or  steamed. 
Given  dry,  the  bristles  stick  in  the  tongue,  and  produce  inflammatory 
reaction.  Steamed  barley  also  is  a  valuable  food.  By  malting,  the  barley 
undergoes  mechanical  and  chemical  alterations  which  lead  to  the 
i"crea.se  in  its  digestibility,  and,  although  the  starch  is  turned  into  sugar, 
^litTe  is,  ncA-erthele.ss,  in  the  process  of  malting  a  loss  in  nutritive  con- 
stituents of  the  total  solids,  especially  of  the  nitrogenous  bodies.  In 
sprouting  there  is  likewise  a  loss  of  proteids,  carbo-hydrates,  and  fats. 

Buckwheat  is  often  used  as  a  green  fodder,  and  its  grain  is  fre- 
Wntiy  administered  as  dry  food.     The  green  buckwheat  contains — 

Solids, 15.0  per  cent. 

Proteids, 2.4        " 

Fats 0.6        *' 

Non -nitrogenous  extractive  matters,         .        .6.4        " 

Cellulose 4.2         " 

Ash 1.4        " 
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In  digestibility  the  gre€ii  buckwheat  la  nlinost  eomi>arabl€  to  clover^ 

but  contains  a  much  larger  (>ercentage  of  water ^  and  is  11  ot,  therefore, 

well  suited  to  eotistitute  the  sole  food  for  eattJe,     When  given  to  cattle 

not  more  tliau  fifty  kilograninieB  per  thousand  kUogmmmes  body  weight 

can  be  given  ^  the  remainder  of  the  food  cons i sting  of  dry  food.     On  fee<i- 

ing  witli  buckwUeat  the  milk  and  tlie  butter  as,siime  a  beautiful  yellow 

colon     The  green  buckwheat  is  entirely  unsuitable  for  sheep  and  hogB^ 

either  freshly  mown  or  for  grazing,  and  in  them  freqiieutl3*  causes  serUnis 

disturbances^     On  aeconnt  of  its  lar^e  |jercentage  of  water  it  Is  only 

suitable  for  horses  as  an  accessory  food.     The  eonvermon  of  the  green 

buckwheat  into  hay  oflTers  great  diftleulty  on  account  of  its  large  percent* 

age  of  wnter.     The  grains  of  buckwheat  are  priiiuiimUy  utted  as  food 

They  contain —  •     •  ^       v*    •.. ..  ♦ 

Solids^        ,,,,';.        J        .  80.8  percent. 

Protdda,    .        , 10.1 

Fats,  .,,.....,      l.d        ** 

Hon-uitniganous  extmetlve  mattere,       *       ,  dU  ,^       *' 

CollBlOi*, 15.0 

Ash.  .       .       -       .       ,       .       .       .       .      L8 

They  are  thus  not  especially  rich  in  nitrogenous  matters  and  contftift 
large  amounts  of  cellulose,  and  belong,  the refose^  to  the  more  indigestible 
cerealSf  but  form  a  good  additional  food  for  draught  horses,  sheep,  milk 
cattle,  and  Citttening  cattle.  Wiien,  however,  given  in  large  ftmounU  to 
ruminants  and  hogs^  they  are  apt  to  produce  very  serious  distmhances, 
especially  in  summer.  In  winter,  on  the  other  lumd,  the  buckwheat  is 
less  hurtful  a  food,  though  it  is  advisable  to  cease  its  administration  tt 
least  two  weeks  before  grazing  commences.   Buck  wheat-meal  eontaini^ 

Bcilids,        ..*,,.,.    84.0  per  cent 
Pfoteidi,     .        .        .        .        .        ,        .        ,    15  0      ** 
PftU 83      " 

Non 'nitrogenous  extniciive  mimera,  .  ,48,0  *' 
Cellulose,  ..-...,..  1©.0  •' 
Ash,    .        ,        *        .        .        ,        .        .        .      8.4      " 

Bnckwheat^mejil  is,  therefore,  relatively  rich  in  proteids,  and  in  ■fitifl' 
Its  considerable  amount  of  cellulose  is  a  good  fattening  food  for  hpgp*  B 
Is  frequently  adulterated  with  the  seeds  of  various  weeds.  BuckwW** 
straw  belongs  to  the  most  useful  of  this  class  of  fodders.     It  conUin^-* 

Scdlds,        ,        . 89  0  per  cent 

Proteids,    .        ,        .        .        .        .        ,        .      41       " 

FaiH .        .      1,4      " 

KoD-aiirogenous  extractive  matters,       .  33.9      *' 

Cellulose,  *.....,.  44^ 
Aah,  .,......,      5.0      ** 

Tt  contains  somewhat  more  cellulose  than  most  of  the  straws  of  ^* 
different  cereals,  and  is,  therefore,  perhaps  more  indigestible,  but  it  1* 
also  richer  in  proteids. 
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2*  The  LEouMTNors  plants  stand  next  in  iiiitritive  value  to  the 
cereals.  They  are  composed  of  tiie  ^was,  beans,  and  lentils.  By  boiling 
witli  water  tlieir  hulls  become  nipt n ret!,  and  their  contents  readily  sul>- 
jected  to  the  action  of  the  digestive  juices.  The  leu;nminous  j*lants  are, 
therefore,  principally  iiised  in  the  form  of  soups  or  Ijroths. 

The  hulled  fruits  contain  a  maximum  of  albuminoUB  matters,  and 
the  kernels  of  uily  fruits  more  fats  than  the  cereals. 

Beans  are  seldom  uned  as  green  fodder,  or  as  the  principal  article  of 
diet,  since  they  are  too  rich  in  nitrogen  ;  they  form,  liowcver,  an  admi- 
rable addition  to  the  diet  of  cattle,  sheep,  and  horses. 

PeAs,  both  as  a  green   fodder  and  as  grain,  form  highly  nutritive 

foods*     Green  peas  are  especially  good  as  a  food  for  milk  cattle^and  give 

a  pleasant  taste  to  the  butter.     Dried  peas  are  also  highly  digestible 

and  nutritious.     They  contain — 

Solids 86,8  per  cent. 

Proieids 22.4 

FutP, 3.0        ** 

Kon  nitrogenous  extractive  matters,       .        .  52J]        •* 

Cellulosij, ,        .  6.4        *' 

Ash,  . 2A        '* 


I 


Of  these  nutritive  principles — 

Protefela. 

Ruminants  digest  88.1*  per  cent. 
Hogs  *'        83.0  to  9€ 


Fats, 


Kon  u  1 1  metmo  ii  n 


74.7  per  cent.    *tii3  ywr  cunt. 

«n     ''         m.i) 

ae.O  to  67  95.0  to  99 


The  «rrains  are  l>e8t  jsriveii  chopped  up  with  straiv,  when  they  form  an 
excellent  food  for  draught  hordes,  of  which  amounts  equivalent  to  half  of 
the  ordinary  corn  ration  may  be  given.  They  are  alwo  a  fattening  food 
of  tiie  first  rank  for  hogs,  and,  like  barley,  greatly  improve  the  character 
of  their  fat  and  flesh.  When  given  in  large  amounts  to  milk  cattle,  they 
*i'eapt  to  make  the  biitttrr  too  hard.  The  strait  of  [^eas  is  also  readily 
digestible,  and  of  gornl  pen-straw  ruminants  digest  (10.5  per  cent,  of  pro- 
teidi,45.9  per  cent,  of  fats,  and  C4.4  j>€'r  cent,  of  non-nitrogenous  extract- 
ives. When  in  good  condition,  pea-Ktraw  may  even  serve  as  a  substitute 
for  hay  for  3'onng  cattle.  For  milk  cuttle  Init  small  amounts  should  be 
?iven,  or  else  the  quantity  of  milk  will  be  reduced.  Unfortunately,  pea- 
'tniw  is  apt  to  be  contaminated  with  that  of  various  weeds  and  fungi, 

Tlie  following  table  gives  the  average  corai>osition  of  tlie  princii»al 
'^preseutatives  of  this  group,  as  contrasted  with  the  potato : — 

In  100  parte.  Lentlta. 

Water.  ....  12.5 
Albumen.  .  ,  .  24.8 
Fatg,  ....  1.9 
Ca rim  hyd rates.  .  .54.8 
CelluloBc,         ...       8.6 


Pen*. 

Bearu, 

Fotiito««. 

143 

14,8 

70.0 

22.0 

2;l.7 

2.5 

1.7 

16 

0.2 

53.3 

49. :} 

20.2 

5.5 

7.5 

0.4 

3.7 

ai 

0^ 

3.   Bulbs  aiuI  roots,  represented  by  the  potato, beets,  etc.,  constitute 
anotlior  group  of  vegetable  footls* 

Potiitoes  iire  of  very  inucb  less  nutritive  value  than  either  of  the 
preeetUng  groups  of  foods,  from  the  fact  that  they  coiiUiin  but  a  imall 
amount  of  albiimJnoys  matters,  but  a  very  krge  nmouut  of  starch*    Large 
amounts  of  water  are  present  in  bulbs  ami  roots  which  serve  as  food,  with 
small  amounts  of  solids  (86  to  U).     Of  the  solids,  the  carbi>liydnvtt*^  > 
constitute  80  per  cent,  or  more,  while  the  other  nutritive  sub&mticcs  | 
a»d  Inorganic  salts  are  in  proportionately  small  amount-    Even  of  the  I 
amount  of  allHnnen  present  only  about  one-fourth  appears  to  be  capiil>l«  ^ 
of  digestion  in  the  alimentary  cnnal,  j^ 

lu  the  vegetables*  such  as  I  wets,  fi^paragns,  and  cabbages,  tbcre  is  a  I 
largn  percent  of  water,— from  80  to  90  percent*,— but  only  2  per  cent  of  i 
allMunhious  matter,  2  to  4  |icr  cent  of  starch  or  ^juminy  substances,  n 
small  amount  of  sugar,  and  1  to  t5  per  cent,  of  ceHulose.    Their  nutritive 
value  is  therefore  slight. 

Foddt?r-ljeetB  ( Beta  vulgaris,  mangold-beets),  of  wbieh  a  large  varietj 
is  met  with,  form  valuable  articles  of  fodder » those  with  the  rouml  root! 
being  usually  more  rich  in  nutritive  constituents.  Tlic  nutritive  qualitjei 
of  beets  are  further  increased  by  the  character  of  tbe  soil  and  cliinate, 
mode  of  culture  and  manuring,  and  are  especially  proportional  to  tk 
slowness  with  which  they  are  grown p  Fudder-heets  have^  as  a  rule,  tiie 
following  constituents ; — 

Solids^        ,.,.'.>.,  130  percent 
Proieids,    .        .        .       .        .       ,       .        .      IJ      -' 

Fata, 0.1      •' 

Carho  lkydrat00,         ,....*  9.1       ** 

Cellulose,  . 0.»      *' 

Ash,  .        .        , OJ      " 

Sugar-beets  contain— 

Solldi,        -,.,»,.,     1ft.  IS  per  cent 

Pnjtdcls ,       1.0       '* 

Fats,  ..,..,...      O.t       *' 

Carbo  hydralos, 15.4      " 

Cellulose,  .        .        .        ,        ,        ,        .        .      1.3      " 
Ash,  ,        . .07*' 

The  luhioipal  dilTerence,  therefore,  between  fodder-bel'ts  and  sufa^ 
beets,  is  found  in  the  larger  percentage  of  solids  in  the  latter,  con sistinf 
principally  in  the  greater  amounts  of  sugar.  The  percentage  of  sugar 
is  further  inercaned  by  potassium  manures,  and  is  greater  in  beets  gfQ^ 
in  cold,  high  localities  than  in  warm  places.  It  also  is  in  proportion  to 
the  length  of  time,  after  growth  is  complete,  that  the  beets  are  kept  in 
the  ground^  especially  when  they  have  sprouted,  Nitrogenous  manum 
and  manures  rich  in  phosphates  increase  the  proteid  constituents  of  the 
beetsj  although  all  the  nitrogen  in  the  beets  is  not  to  be  recortletl  u 
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proteid.  Nitrate  of  potassium,  nitric  and  oxalic  acids,  magnesia  and 
other  alkalies  are  constituents  of  beets,  and  will  often  explain  the  pur- 
gative action  exerted  by  many  forms  of  beets.  As  regards  digestibility, 
Wolff  has  found  that  the  ruminants  digest  of  sugar-beets — proteids  62.0, 
carbo-hydrates  95.2  per  cent. ;  of  fodder-beets — proteids  75.6,  carbo- 
hydrates 95.3  per  cent. 

These  experiments  would  seem  to  show  that  sugar-beets  are  less 
digestible, — a  state  of  affairs  which  hardly  seems  probable.  On  account 
of  the  large  percentage  of  water  beets  contain  tliey  can  only  be  used  as  a 
fodder  with  certain  restrictions.  The}-  are  best  given  in  the  raw  state, 
chopped  up  into  pieces,  although  the  chopping  must  not  be  too  fine ;  other- 
wise mastication  and  thorough  mixing  with  the  saliva  will  l>e,  to  a  large 
extent,  prevented.  They  are  especially  suited  for  milk  cattle,  combined 
with  dry  foods,  twenty-five  kilogramtaes  being  given  dail3',aud  will  serve 
to  improve  the  amount  and  quality  of  the  butter  and  milk. 

Sugar-ljeets  cannot  be  given  in  as  large  an  amount  as  fodder-beets, 
on  account  of  their  higher  percentage  of  nutritive  principles.  For  young 
cattle,  as  well  as  sheep,  on  account  of  their  large  percentage  of  water, 
but  small  amounts  may  be  given.  Thus,  one-third  to  one-hulf  of  the  total 
food  for  these  animals  may  consist  of  chopped-up  raw  beets.  For  hogs 
the  beets  may  serve  as  the  principal  food,  especiall}^  when  given  boiled, 
although  here  also  they  may  act  as  a  purgative,  and  it  is  better  that  the 
food  should  not  be  more  than  one-half  constituted  of  the  beets.  For 
horses,  bec'ts,  on  account  of  their  high  perccntaiic  of  water,  are  only 
exceptionally  employed.  Beets  are  best  preserved  by  placing  under  the 
ground  directly  after  harvesting,  care  l^eing  taken  to  select  a  perfectly 
tlrv  locality.  Beet-top  leaves 'are  also  very  lre([uentl3'  used  as  fodders. 
Fresh  beet-leaves  contain — 

Solids 10.7  per  cent. 

Nitrogenous  matters, 2.2       " 

Proteids, 0.4 

Carl)o-hydrates 4.8       " 

Cellulose, 1.5       •' 

Ash, 1.8       " 

On  account  of  the  large  percentage  of  water  and  oxalic  acid  con- 
fined within  them,  beet-tops  frequently  act  as  violent  purgatives.  They 
'"^re,  however,  rich  in  proteids,  and  are  quite  as  digestible  as  the  best  fresh 
%,and  in  their  fresh  condition  are  suitable  in  small  amounts  for  feeding 
^omilk  cattle.  If,  however,  they  be  given  in  excessive  amounts,  or  con- 
stitute the  sole  food  of  milk  cattle,  the  percentage  of  fat  in  the  milk 
undergoes  a  rapid  decrease.  Not  more  than  one-third  of  the  total  amount 
of  food,  therefore,  should  be  constituted  of  beet-tops. 

4.  Grasses. — In  addition  to  the  above  nutritive  suVjstanoes,  domestic 
animals  may  be  nourished  on  the  various  grasses,  ha^s,  bran,  and  straw. 
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The  following  table  gives  the  average  composition  of  different  members 
of  this  group: — 

In  100  parts.                               Prairie  Hay.      Best^^^'^Slnary.  ^"* 

Wftter, 13  0  13.8  18.6  75.0 

Albumen, 9.5  3.»             15  8.0 

Fats 8.1  1.0             1.5  0.8 

Carbo-hydrates  and  non -nitrogenous  • 

extractive  matters,  ....  40.9  84.7  82.4  18.1 

Cellulose 26.7  40.1  48.0  6.0 

Ash,              6.8  6.5             8.0  2.1 

Esparcet  (Onobrychis  sativa)  is  one  of  the  most  digestible  and  valu- 
able of  the  different  forms  of  clover,  and  may  be  regarded  as  a  type  of 
this  group.   Mowed  during  the  blossoming,  it  contains  in  the  green  state: 

Solids 21.5  per  cent. 

Nitn)gcnou8  substances 8.5      " 

Fats. 0.7      •* 

Non  nitrogenous  extractive  matters,      .        .  8.5      '* 

Cellulose 7.6      " 

Ash 1.2      " 

According  to  Wolff,  its  digestibility  in  the  ruminants  is  as  follows:— 

Protelds.  Fat..  E?.^'i^SSk 

72.5  per  cent.  66.7  per  cent.  78.8  per  cent. 

Esparcet-hay  contains — 

Solids, 85.1  per  cent. 

Nitrogenous  matters, 13.3        " 

F;its 2.5        ** 

Non-nitrogenous  extractive  matters,      .        .  34.5        " 

Cellulose, 29.0        " 

Ash, 5.8        " 

All  forms  of  fodder  undergo  in  time  considerable  deterioration  in 
the  amounts  of  their  nutritive  constituents,  especially  if  preserved  in 
localities  where  they  are  accessible  to  the  air,  moisture,  light,  and  warmth. 
Fermentative  processes  are  started  up  by  the  presence  of  various  forms 
of  the  lower  organisms  and  occasion  a  reduction  in  both  the  non-nitrogen- 
ous and  proteid  constituents  of  fodders.  Thus,  prairie  ha^',  when  fresh, 
has  a  nitrojjenons  percentage  of  1.81  per  cent.,  while,  if  kept  for  two 
years,  it  falls  to  1.68.  So  long  a  time  as  this  is,  however,  not  necessary 
for  the  evidence  of  considerable  loss  of  nutritive  principles.  Thus,  Wolff 
has  found  the  constituents  of  second-crop  hay  to  vary  as  follows : — 

In  December.  In  ApriL 

Protoids, 14.36  14.34 

Flits 4.01  4.24 

Collulose 26.44  27.18 

Non-nitrojrenous  extractive  matters,        .     45.71  44.80 

Inorganic  constituents,     ....       9.48  9.44 
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The  more  the  fodders  are  protected  from  the  air,  the  less  will  be  the 
68.  Thus,  it  has  been  found  that  corn  kept  in  an  open  space  free  to  the 
r  will  form  in  a  given  time  twice  as  much  carbon  dioxide  as  if  kept  in  a 
iosed  space, — of  course,  it  being  evident  that  the  greater  the  formation 
f  carbon  dioxide,  the  greater  will  be  the  loss.  The  moister  the  locality, 
Iso  the  greater  will  be  the  deterioration  in  nutritive  qualities.  Thus, 
)ats  in  thirty  months  will  lose  7.2  per  cent,  more  of  their  solids  than  oats 
sept  in  closeil  vessels.  Similar  facts  also  apply  to  the  preservation  of 
He  moist  fodders,  such  as  potatoes,  beets,  and  green  fodder.  Sprouting 
of  potatoes  and  beets  is  likewise  accompanied  by  great  loss  of  nutritive 
substance,  and  the  presence  of  solanii\e  in  a  sprout  ma}^  even  cause  it  to 
become  poisonous.  Thus,  Krnmnier  has  found  that  in  potatoes  with  the 
sprout  from  1  to  2  cm.  long  there  is  a  loss  of  3.18  per  cent,  of  starch, 
when  the  sprout  is  2  to  3  cm.  long  a  loss  of  5.26,  and  when  it  reaches  4  cm. 
in  length  there  has  been  a  loss  of  9.88.  Moulding,  likewise,  reduces  the 
amount  of  nutritive  substances,  in  addition  to  the  hurtful  action  of  the 
moulds  themselves.  Thus,  in  sound  potatoes  there  will  be  an  average 
amount  of  solids  of  23.8  per  cent.,  while  mouhly  potatoes  will  average 
only  20.6  per  cent.  Age  of  fodders  not  only  occasions  loss  in  absolute 
amounts  of  nutritive  constituents,  but  also  diminishes  their  relative 
%e8tibility.  Thus,  Hofmeister  has  found  that  sheep  which  will  digest 
of  clover-hay,  when  half  a  jear  old,  68.4  percent,  of  proteids  and  73.4  per 
cent  of  carlK)-hydrates,  when  one  year  old  will  digest  only  65.0  per  cent, 
of  proteids  and  63.1  {yer  cent,  of  carbo-hydrates,  and  when  four  years  old 
*>0.1  per  cent,  of  proteids  and  40.7  per  cent,  of  carbo-hydrates.  The  same 
^^'ts  apply  likewise  to  other  forms  of  hny. 

The  preservation  of  grain  b^'  stowing  it  in  close  chambers  is  a  very 
Ancient  one.  The  process  of  ensilage  as  at  present  carried  out  is  per- 
fonned  8imi>ly  by  placing  green-fo<lder  crops,  such  as  grass,  clover, 
^etches,  etc.,  in  an  air-tight  chamber  of  almost  any  construction,  and, 
*fter  treading  the  mass  down,  covering  it  with  boards  on  which  pressure 
^  exerted,  either  by  dead  weights  or  mechanical  means.  The  grass  or 
other  substance  may  be  chopped  if  thought  desirable,  and  salt  may  also 
Padded.  When  preserved  in  this  manner  grass  may  be  kept  for  a  long 
time,  and  will  produce,  when  opened,  a  food  resembling  steamed  ha}' 
*Iiich  is  greedily  consumed  by  cattle.  The  whole  loss  occasioned  b}' 
this  process  is  but  small,  and  the  process  of  change  occurring  in  food  so 
Dreserved  has  been  carefully  studied  by  Mr.  A.  Smetham.  He  found  that 
'ermentation  of  various  kinds  had  occurred,  and  he  was  able  to  detect  a 
mall  quantity  of  alcohol,  as  well  as  various  acids,  of  which  acetic,  lactic, 
nd  butyric  were  the  chief.  The  amount  of  the  acids  was  not  sutliciently 
reat  to  render  the  silage  unfit  for  food,  and  the  practical  results  of 
ceding  with  it  were  decidedlj'  satisfactory.    By  allowing  the  temperature 
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to  rise  above  1S5°  F,  the  ferments  are  deatrojed  and  the  productioD 

of  organic  acids  thuii  largely  prevented,  and  a  «weet  sibge  is  produced 
which  possesses  the  characteriistics  of  old  hn  v  to  a  much  more  marked 
extent  than  by  the  old  or  **sour"  process.  This  process  is  especially 
valuable  in  wet  seasons  as  a  means  of  preserving  the  crop.  It  is  also 
iuvahiable  for  preserving  second  cr<jj)s,  A  succulent  food  is  obtahied  m 
place  of  a  dry  one  with  but  little  loss  in  nutritive  constituents  j  eertninly 
less  than  occurs  during  hay-making  In  wet  weather,  although  there  is  bat 
little  increase  in  the  digestibility  of  the  grjiss. 

Yegetai*le  matters  all  contfiin  from  two  to  eight  times  as  mueli  potas* 
Slum  as  sodium^  and,  as  we  shall  a^ain  refer  to  under  the  f^ubjt*(^t  of 
Nutritioa,  ex|>lains  the  fact  that  the  u^-rbivorous  animiils  need  an  oxtm 
ration  of  stKlinm  chloride. 

Straw  is  difficult  to  digest,  is  only  but  slightly  nutritive,  and  rcfiutres 
large  quantities  of  the  digestive  secretions  for  the  aulution  of  its  n«tn* 
tive  constituents*  Straw  is  somewhat  more  readily  digeste<l  hy  tiic 
ruminants  than  by  the  horse.  Straw,  of  diifercnt  kinds,  has  aljout  tk 
following  composition ; — 


Bii.rl*y- 

o»t' 

Pca- 

B4P«ll- 

Btraw. 

Btmw. 

Htiaw* 

»lniw. 

Water,       .        .        ,        *        , 

14  f) 

14.3 

i4,a 

i7;j 

Al  bum inous  bodies,  . 

a.o 

2,5 

«.5 

10.3 

Fati? .    . 

I A 

2.0 

2.0 

1.0 

Extractive  matter  and  earbo- 

byclrutc«,        .        .        ,        . 
Cellulose 

31.3 

m.2 

S3.3 

32.5 

4^0 

40.0 

40.0 

84.0 

Inorganic  mailer,      . 

7.0 

5.0 

4.0 

SO 

100.0      100.0      100.0      lOO.g 

Yery  frequently  various  forms  of  %*egetable  food  will  profhtue  dt^ 
turliances  of  digestion  in  the  domestic  animals  from  the  mixing  ^Hli 
them  of  vjinous  forms  of  adultemtion,  or  from  various  defeets  in  tbe 
character  or  quality  of  the  food.  The  capaliility  of  recognlzinii:  tliis  n 
a  general  way  is^  therefore,  desirable*  Thus,  spoiled  hay  or  hay  whit^li 
ha«  lost  its  inorganic  constituents  likewise  loses  its  normal  greenish  collar, 
and  is  of  a  dirty-gni}*  or  brown  tint ;  while  acid  for  mentation  or  j  nitre- 
faction  in  all  fodders  may  be  recognized  by  the  charaeterij^tic  <xlor  %w^ 
tnete.  Good  oats  must  be  clean  and  composed  of  perfectly -formed  m(*ly 
grannies,  and  possess  a  certain  definite  s|>eeific  gravity.  Unripe  ot 
frozen  oats  have  a  less  specific  gravity  and  a  less  nutritive  value,  wliiie 
spoiled  oats  are  recognized  by  a  musty  smell  and  an  nn pleasant,  burning 
taste*  The  quality  of  the  bay  will,  of  course,  depend  upon  the  qualitf 
of  the  ground  and  its  Ijotanical  constituents,  the  time  of  cutting,  and 
the  mode  of  preservation.  In  order  to  judge  of  tlie  quality  and  nutri- 
tive value  of  hay  it  may  be  divided  into  three  different  groups.  In  tl 
drat  group  are  the  sweet  grasses  (gramin^«);  in  the  second,  the  ad 
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grasses;  in  the  third,  all  other  grasses.  The  richer  the  hay  is  iu  the 
sweet  grasses,  in  clovers,  and  leguminous  plants,  the  better  it  is.  Tlie 
richer  it  is  in  acid,  marshy  grasses,  and  the  like,  the  poorer  it  is.  Hay 
eut  in  summer  is  better  and  more  nutritious  than  that  cut  in  autumn,  and 
80  with  second  crop  or  after-cut.  In  the  latter  also  the  aromatic  hay- 
odor  is  wanting.  Hay  which  has  been  wet  1)y  the  rain,  so  losing  a  large 
part  of  its  inorganic  matters,  and  that  which  has  been  kept  for  several 
years, has  but  little  more  nutritive  worth  than  straw.  Analysis  has  shown 
tbst  clover  and  prairie  hays  which  have  been  exposed  to  the  rain  for  one 
or  two  weeks  may  lose  as  much  as  12  per  cent,  of  their  nutritive  matters. 
Hay  which  contains  poisonous  plants,  mud,  dust,  or  worms  or  cater- 
pilkirs,  or  when  it  has  become  spoiled  by  putrefaction  or  fermentation, 
is  likewise  hurtful. 

In  the  manufacture  of  various  food-products  residues  are  often  left 
which  may  be  of  considerable  nutritive  value  for  our  domestic  animals. 
Such  residues  have  a  somewhat  similar  composition,  usually,  to  that  of  the 
original  parts  of  plants  of  which  they  are  formed  ;  the  relative  proportions 
of  the  different  constituents  will,  however,  vary,  as  more  or  less  of  cer- 
tain substances  are  removed  in  the  process  of  manufacture.  Of  the  dry 
residues  the  various  milled  foods,  such  as  meals  and  flours  of  the  dif- 
ferent cereals,  are  the  most  important.  The}^  contain  usually  80  per 
cent,  of  solids.  They  are  especially  rich  in  albuminoids  (over  20  i>er 
cent.)  and  fats  (5.10  per  cent.),  and  are,  therefore,  valuable  adjuvants 
to  foods  which  are  poor  in  these  nutritive  principles. 

The  residue  from  beer-breweries  (beer-mash,  brewers' pr.iins)  is  also 
a  valuable  food.  It  contains  20.25  per  cent,  of  solids,  composed  largely 
of  albuminoids,  with  a  relatively  small  j)roportion  of  non-nitrogenous 
matters  (1 : 2),  somewhat  more  cellulose,  and  a  considerable  amount  of 
fat  and  inorganic  matter. 

Chemical   analysis  of    fresh    brewers'  grains   shows   the   following 

average  composition  : — 

Solids 22  3  per  cent. 

Proteids, 4.()       ** 

Fats, 1.6       ** 

Non-nitrocenous  extractives,  ....  9.9      '* 

Celluloser 5.0       " 

Assuming  that  73  per  cent,  of  the  proteids  is  digestible,  fat  84  per 
c^iit,  extractives  64  per  cent.,  and  cellulose  39  per  cent.,  the  average 
anioiints  of  digestible  matters  may  then  be  placed  as  follow  : — 

Proteids 3.9  per  cent. 

Carbo-hydrates, 10  8       " 

Fats, 0.8      *' 

The  proportion  of  nutritive  matter  may  thus  be  placed  as  1 : 3.4. 
The  fresh  residue  from  breweries  contains  a  large    percentage  of 


s 
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wnter,  and   therefore   readily  decomposes  in  Biinimer    m  a  few 
and  then  is  a  Tery  dangeioits  fodder.     The  only  method  of  [xTrnjiivvut 
preiervin^  is  by  dryiug,  and  this  necessitates  a  eoni plicated  and  tn»tiHo- 
»ome  process.     In  cool  weather  the  residue  may  l>e  preserved  for  one 
or  two   wet^ki^  niider  fresh  water.     Fresh  t»t'er  residue  is  an  jtdmimKk 
fattoninnr  food  for  lM>th  C4ittle  and  liogs  and  for  milk  cows,  thQuph  vtbeo^ 
«ottr  it  affects  Ixith  the  qnantity  and  ipmlity  of  the  milk.    When  <Vc*li  tbiil 
food  is  not  so  well  siiitod  for  t4heep  iiuil  horses   as*  when  drlcKl ;  in  the 
hitler  coiulit ion,  from  the  hji,di  i>ert*ent age  of  nitrogenous  coui^lituenCd|,_ 
It  it*  eomimnibb  to  the  eereak,  ■ 

The  re!«j4lut*  fronk  disstilleries,  tire  so-enlle*l  distillerv  mnrdi  or  stwill, 
fomis  a  vahiahle  article  of  fodder,  luit  one  whose  conii^o^iition  is  sidijfTtlQ 
the  greiUest  vHiiations,  deix*nding  upon  the  character  and  mode  of  ti 
ment  of  the  sul*stanee  matiufactiired.    All  such  residues  are,  in  I  heir  ti»tii- 
ral  condition,  very  rich  in  water;  and  since  in  tjiistillntjixi  only  U»e  stfut- h 
and  sugar  serve  for  the  jvroduetiou  of  the  spirits^  all  the  other  niitritire 
«nb?«tanees  remain,  witli  slijrht  alttTntiou,  in  the  reifiduc  ;  so  that  tbeseli*ls 
of  the  latter  are  n^latively  vvty  rich  in  nitrogen.     Most  of  these  reAidmi^ 
in  their  fresh  contlition  sire  readily  devoured   by  t!re  domestic  aiiimsK 
and  their  nutritive  etIVct  is  increased  by  admiuisteriii|j  tliein  warm  nm\ 
mixeil  with  less  nutritive  substances,  su eh  as  dry  fodders  rich  in  cdln* 
lose,  which  are  less  readily  taken  bv  eattle.     On  the  other  hand,  lh(etr*(rw*l 
richness  la  water  is  a  disadvantage  on  aceoiuit  of  the  inereajsinl  demati'l 
for  nutritivi^  substances  so  occasioned.     The  high  pereentai^e  ^if  wfitiT, 
«obil)le  |>roteiils,  and   other    nnstalile    stibstauees  in   distiliery  n's^nlnf 
leads  to  their  ready  decomposition,  or  sonring,  in  which  conditimi  ibi'V 
ire,  of  course,  not  suited  for  fodder,  on  aceoimt  of  the  distarltaiM't's  of 
digestion  and  alterations  of  milk  which  they  produce;  the  objwtiontft 
this  class  of  foods  is  largely  due  to  the  dnn;zer  of  using  a  spoiled  ftitide. 
So  also  residues  from  which  the  s|)int  has  not  l»een  entirely  removinlsr* 
likewise  hurtful  when  ^dven  as  food.     The  most  common  of  ihew^  tm- 
dues  are  those  obtained  from  the  distillation   of   potatoes,  corn,  m 
lieets,  and  malt. 

Fotalo  liemtiite, — The  residue  from  the  distillation  of  |M>titiK^fl  ^'^ 
vary  greatly  in  the  jmrcentage  of  nutritive  constituents  acconlinfl  tt» 
the  more  or  less  comi>lete  extraction  of  the  spirit*  The  following  til^^^ 
illuitnites  this  :^— 


By  HoUcfreniKl'l 

Potato  Residue. 

Proce» 

Solids 3.8-8.7  average  7.7 

6.05  per  cent. 

Proleids,  ....     0.8-1.9 

1.1 

1.14      " 

Fats,          ....     0.1-0.23      " 

0.2 

0.19      " 

Non -nitrogenous  extract- 

ive matters,    .                .     1.1-5.6        " 

4.6 

8.56      " 

Cellulose,          .        .        .     0.5-14 

0.9 

0.69      " 

Ash,          .... 

07 

0.70      " 
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In  the  potato  residue  starch  has  been  largely  removed,  while  the 
other  constituents  remain  but  little  unchanged,  with  the  exception  that 
tiie  ferments  are,  of  course,  added  to  the  residue,  the  proteids  being  to  a 
certain  extent  changed  into  peptones.  Potato  residue  is  less  nutritive 
tioD  that  from  the  cereals,  and  is,  under  all  circumstances,  unsuitable  for 
constituting  the  sole  article  of  diet ;  since  it  is  not  only  too  watery  but 
too  poor  in  inorganic  materials,  especially  of  phosphates, — an  objection 
ihicli  does  not  apply  to  the  same  extent  to  the  residue  from  the  distilla- 
tion of  the  cereals.  Fresh  potato  residue,  in  wbich  condition  it  should 
alone  be  usetl,  seems  to  assist  in  the  production  of  milk,  especially 
when  given  warm,  and  ma\'  constitute  one-  or  two-thirds  of  tbe  total 
daily  ration,  the  remamder  being  composed  of  dry  fodder.  Fattening 
sheep  may  receive  from  two  to  ten  kilogrammes  per  one  hundred  kilo- 
grammes of  body  weight,  if  given  in  too  large  amounts,  seriously  affect- 
ing the  flesh  of  the  animal.  For  horses  potato  residue  is  in  general  too 
watery,  and  only  animals  while  at  rest,  or  while  doing  light  work,  can 
stand  it.  In  using  this  article  of  food  care  should  be  taken  that  the 
potatoes  have  not  sprouted,  otherwise  they  will  contain  solanine,  and  in 
consequence  be  poisonous. 

Corn  Residue, — The  residue  remaining  after  the  distillation  of  corn 
is  richer  in  l>oth  proteids  and  fats  than  that  from  potatoes.     It  contains — 

In  a  Fresh  Condition.  Presseil. 

Solidp 0.4  per  cent.  28  4  per  cent. 

Proteids 2.0  •'  8.(> 

FjUs, 1.0  "  3.2 

Xon  nitroixcnoiis   extractive 

iiiatteiC     ....  4.0  "  12.7 

Cellulose 1.0  •'  2.3 

Ash 0.4  *  1.5 

The  same  stiitenients  apply  for  the  administration  of  these  sub- 
stances as  foo<l  as  have  already  l)een  made  concerninu;  the  i)()tato  residue. 
Milk  cattle  cannot,  however,  receive  more  than  thirty  kiloixrammes  of 
tlii"^  daily,  since  it  will,  in  larger  amounts,  damaire  the  character  of  the 
'•nttcr-fats ;  while  they  may  receive  as  high  as  fifty  kilogrammes  daily  of 
tlif  I>otato  residue. 

%^  I{e,<idin\ — The  residue  from  the  distillation  of  rye-whisky  is,  in 
^*f'nso(jiience  of  the  higher  nitrogenous  and  lesser  oily  constituents  of 
the  rye-jrrains,  richer  in  proteids  and  poorer  in  fats  than  the  corn  residue. 
It  coiitiiins — 

S<ni(l>i. 0.0  per  cent. 

Proteids, 2.1         " 

Fatf^ 0.6         •• 

Xon-nitroirenous  extractive  matters,         .        .  5.0        ** 

Cellulose,^ 0.0         *' 

Ash, 0.5  ' 
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This  substance  is  one  of  the  most  useful  of  the  varioas  distOhition 
residues,  unless,  as  is  often  the  ease,  the  grain  which  has  ondergone  the 
fermentation  has  contained  the  seeds  of  the  Agroatemma  gUhago^  when 
it  will  possess  poisonous  properties. 

Beet  Residue. — The  residue  from  beet  distillation  contains  only  9 
per  cent,  of  solids,  0.9  per  cent,  proteids,  0.1  per  cent.  Ihts,  6^  per 
cent,  non-nitrogenous  extractive  matters,  1.2  per  cent,  cellulose,  and  0L6 
.l)er  cent  of  ash.  It  is,  therefore,  the  poorest  in  nutritive  snbstaaeei 
and  the  richest  in  water. 

For  preservation  of  the  distillery  residues,  either  they  may  be  dried, 
especially  when  mixed  with  various  forms  of  dry  fodder,  or  they  may  is 
the  fresh  condition  be  preserved  b}'  the  mixture  of  salicylic  acid,  one 
gramme  for  every  fifty-four  pounds.  A  process  of  preservation  which  is 
frequentl}"  employed  depends  upon  the  souring  of  the  Aresh  residue  ii 
the  formation  of  lactic  acid  fermentation, — a  process  which  is  accompoDicd 
by  great  loss  of  non-nitrogenous  and  proteid  constituents.  In  spite, 
however,  of  this  loss  in  nutritive  constituents,  this  method  fhmishes  • 
cheap  and  simple  mode  of  preserving  distillery  residues. 

The  residue  from  the  extraction  of  sugar  fVom  beets,  from  sterdi 
out  of  wheat  and  potatoes,  and  that  remaining  after  the  alcoholic  UX' 
mentation  of  starchy  and  sugary  substances,  as  in  the  distillation  of 
spirits,  are  air  valuable  foodstuff.  All  these  substances  contain  Imt 
small  amounts  of  solids,  and  the  proportion  of  nitrogenous  to  non- 
nitrogenous  matters  is  somewhat  lower  than  in  the  raw  material ;  but 
iuor<j:anic  matters  and  fats  are  present  in  considei^able  amount  and 
render  them  important  accessory  foods  under  certain  circumstances. 

Tlie  diffusion  residue  from  the  extracticm  of  sugars  from  beet-roots 
furnishes  a  readily  digestible  form  of  food  which  is  richer  in  water  and 
poorer  in  inorganic  constituents  than  the  sugar-beets.     It  contains— 


Solids, 

.    10.2  per  cent. 

Nilrotrenous  matters,        .... 

.      0.9       " 

Fats.. 

.     o.a^    '* 

Non -nitrogenous  extractive  matters, 

.      6.3 

Cellulose, 

.      2.4       '* 

Ash 

.      0.6       " 

For  cattle  and  hogs  as  much  as  one  hundred  kilogrammes  per  one 
thousand  kilogrammes  of  body  weight  of  this  fresh  residue  may  be  given 
as  food,  only  larger  amounts  may  be  given  to  animals  which  are  desired 
to  fatten  rapidly.  Larger  quantities  of  tliis  fodder  alter  both  the  clitf' 
acter  and  rpiautity  of  the  meat  and  the  fat  of  animals  and  the  character 
of  the  milk.  For  draught  cattle  it  is  unsuitable,  as  is  also  the  case  fo' 
sheep,  with  the  exception  of  fattening  sheep,  which  may  stand  it  almosi 
as  well  as  cattle.  Horses  can  only  receive  small  amounts, — ten  to  twenty 
kilogrammes  per  tliousand  kilogrammes  of  body  weight, — and  then  only 
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when  not  worked.     This  residue  can  only  be  given  when  in  a  perfectly 
ftesh  condition,  or  when  well  preserved. 

The  residue  after  the  extraction  of  oil  from  the  seeds  of  the 
Tarious  members  of  the  cotton-plants  (Gossypium  herhaceum)^  or  so- 
Cilled  cotton-seed  cake,  furnishes  a  valuable  food  for  fattening  and  milk 
ctttle.  The  seeds  are  inclosed  in  a  capsule,  which  bursts  as  the  fruit 
ripens,  and  which  are  covered  by  white  fibres  which  form  the  so-called 
cotton.  After  the  removal  of  the  cotton,  the  seeds,  which  have  a  hard 
shell,  contain  an  oily,  greenish-white  nucleus,  from  which  the  oil  is 
remoTed  b}'  pressure.  The  residue  from  this  process  of  extraction  of 
the  oil  is  by  no  means  constant  in  its  composition,  and  is  therefore  not 
always  suitable  for  a  food.  For  example,  many  of  the  cotton-seed 
cakes  contain  both  parts  of  the  indigestible  hull  of  the  seed  and  con- 
aiderable  cotton,  and  are  therefore  only  suitable. for  manures.  When 
suck  an  article  is  given  to  cattle  serious  disturbance  of  digestion  is  pro- 
duced, and  may  even  prove  fatal  from  obstruction  and  inflammation  of  the 
alimentary  canal.  In  England  the  cake  produced  from  the  Egyptian 
seeds  forms  a  favorite  article  of  fodder.  The  most  nutritious  and  most 
readily  digestible  are  the  cakes  from  the  hulled  seeds.  The  following 
table  gives  their  composition  : — 


Cotton- 
Seeds. 

Oil-Cake  from 
UnhuUed  Heeds. 

Oil-rake  from 
Hulled  Seeds. 

Solids 

Proieids 

Fntst 

91.1-92.8 

22.7-22.8 
29.S-30.3 

85.a-93.4 
18.0-28.3 

4.8-  9.8 

85  7-92.3 

19.7-49.2 

5.4-19.7 

Xon-nitrogcnous  extractive 
mutters,     .... 

Cellulose 

Ash, 

7.6-1.5.4 

16.0-24.7 

8.0 

24.9-36.7 

17.0-27.0 

6.6 

10.5-29.3 

3.5-11.4 

7.4 

The  oil-cake  from  the  hulled  seeds  constitutes  one  of  the  most 
nutritious  of  all  fodders.  From  digestion  experiments  on  ruminants 
Woltr  has  found  the  following  amounts  to  be  digested: — 

Proteifls  Fats         ^Non-nitroponous 

iToieuis.  i-ats.       Extractive  Matters. 

Hulled  cakes 84.7  87.6  95.1 

Unhulled  cakes,       ....     73.4  90.8  46.2 

The  higher  digestibility  of  the  oil-cake  from  the  hulled  seeds  is  with- 
out doubt  to  be  attributed  to  the  large  amount  of  cellulose  in  the  hulls. 
The  oil-cake  from  the  unhulled  .seeds  is  of  a  dark-brown  color,  while  that 
from  the  hulled  seeds  when  fresh  is  greenish, })ut  also  becomes  brownish 
with  age.     Both  of  these  forms  of  fodder  are  often  contaminated  by  the 
accidental  mixture  of  various  substances,  such  as  particles  of  iron  from 
the  presses,  and  when  kept  in  moist  places  with  various  forms  of  moulds 
which  lead  to  the  development  of  ptomaines  and  other  ])oisonous  alka- 
loids, and  so  may  explain  their  hurtful  action.    The  American  cotton-seed 
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Cows'  milk.      ,     .     , 
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0.7 
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cake  is  of  a  bright-yellow  color.  If  dark  in  color  it  has  either  been 
subjected  to  pressure  while  too  hot,  or  has  si)oiled  from  being  kept  in  too 
moist  a  place,  and  hence  is  of  poor  quality.  In  good  condition  it  should 
have  a  pleasant,  oily  smell  and  a  nutty  taste,  and  should  be  hard  and 
dry.  When  in  good  condition  such  a  fodder  is  readily  taken  by  domestic 
animals;  although,  especially  if  not  perfectly  fresh  and  of  the  first 
quality,  the  cattle  must  be  gradually  accustomed  to  it.  Under  all  cir- 
cumstances it  is  advisable  to  administer  it  dry,  mixed  up  with  other 
forms  of  fodder.  In  contact  with  hot  fluids  it  develops  an  extremely 
unpleasant  taste.  To  milk  cattle  from  three  to  five  pounds,  to  draught 
oxen  three  to  four  pounds,  and  to  beeves  six  pounds  for  every  thousand 
pouuds  of  body  weight  may  be  given.  Sheep  and  cattle  ma}'  receive 
from  one-half  to  one  i)ound,  and  horses  one  to  two  iK>unds.  An 
additional  advantage  of  this  substance  as  a  fodder  is  its  great  cheap- 


The  table  on  the  preceding  page  gives,  in  the  first  eight  columns, 
the  percentage  comi>osition  of  the  various  forms  of  food-stuffs  which  may 
beemi)lo3'ed  for  the  nutrition  of  the  herbivorous  domestic  animals.  The 
last  three  columns  give  the  average  degree  of  digestibility  of  their 
organic  constituents. 

TABLE  II. 
Percentage  Constituents  op  Solids  in  Ordinary  Fodders. 


Foods. 

__ 

Nltropen- 
ous  Con- 
slitueiits. 

Non  nitro- 

Extractive 
Matters. 

Fats. 

Cellulose. 

Ash. 

Praimgraps,         .         .         .    •     . 

12.0      j       52.4 

3.2 

i      2,.0 

8.4 

Ke-l  clover,  . 

1S.4            42.8 

3.S 

1      2S.0 

7.0 

Pr^iri*^  hav, . 

11.0     1      4«;.y 

2.8 

:;i.o 

7.7 

^'•'^ver-hav,  . 

!       15.7      i       'Ki.l 

3.7 

1      3«>.0 

7.5 

^'it-8iraw' '  . 

1         4.8      1       41.5 

2.5 

i     4.;.o 

5  2 

^iin-straw, 

1       12.1             3V4 

2.0 

1      40.5 

7.0 

"^•tatof^, 

1         8.0      .       Si',S 

1.2 

4  4 

3.0 

^'^-Mer-beete, 

9.3 

75.0, 

0.9 

1        '^•'^ 

0.7 

hurley 

13.0 

7<>.0 

2.4 

0.1 

2.5 

l^-'t-^    . 

14.0 

05.r> 

7.0 

'         10.  Ir 

3.0 

^^'^fn,  .... 

12.1 

75.0 

1 .5 

!        3.4 

2.0 

^^•anfi 

2<J.2 

54.1 

2.1 

1(».8 

3.8 

jjapeseed-cake,     . 

35.7 

33.2 

10.8 

,      12.4 

7.9 

I'Ve-meal,     . 

13.7 

80.5 

2  A 

1        1.5 

1.9 

}Uftat-bran, 

15.8 

01.8 

4  3 

1      11.0 

7.1 

Malt 

27.0 

4<r8 

2.3 

15.9 

8.0 

Bfer-maph  (brewers'  grains] 

20.7 

44.4 

7.1 

1      22.4 

5.4 

Potato-niai*h; 

is.l 

59.8 

2  0 

11.7 

7.8 

fresh  milk,  . 

2i).C^ 

37.4 

3<».0 

6.0 

'^kimmed  milk,     . 

35.0 

5(HD 

7.0 

•     • 

8.0 

Flesh 

K\  0 

7.8 

3.S 

5.4 

Meat  residue  (from  extracts), 

82.2 

13..; 

4.2 
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The  C0K8TITUSNT8  OF  Foods,  Abrakobo  Aopq«pnTft  ,to  wopb  PBBOiBtAffli 
Composition  in  Solids  and  Diffbbbnt  NmrBiriTB  Vmscaum. 


Pbucbntaox  in  thb  Soxjds  of 

Solids  in 

Food-Stuffs. 

Coii8tltaenta» 

NoiMiitroffenoiis 

Eztraciive 

Matfeen. 

Fats 

CeBolosiu 

Over  SO  per  cent. 

(her  SO  per  eenL 

OverSOpereetU, 

Over  lOperoenL 

OmariOpereeiU, 

Malt. 

Meat 

Potatoes. 

Fresh  milk. 

Oat-straw. 

Meat  roeidae. 

Meat  residue. 

Rye-meal. 

Meat  residue. 

Bean-straw. 

.  Rapeeeed-cake. 

Rapeseed-cake. 

Rapeseed-cake. 

Corn. 

Skinuned  milk. 

Bran. 

Between  70  and 

Oate. 

SO  per  cent. 

Barley. 

Barley. 

Beans. 

Beets: 

Rye-meal. 

Ooer  SO  per  cent. 

Com. 

Oat-Btraw. 

Beans.^ 

Between  6  and 

Bebifeen  SO  and 

Hay. 

Malt. 

10  per  cent. 

40pereefiL 

Bean-straw. 

Fresh  milk. 
Beer-mash. 

Between  60  and 

70  per  cent. 
Oats. 
Bran. 

Com. 

Prittriehay. 
Clover-hay. 

Oats. 

Red  clover. 

Skimmed  milk. 

Prairie  gran 

Beer-mash. 

Between  15  and 

Between  50  and 

SO  per  cent. 

60  per  cent. 

Clover. 

Beans. 

Potato-mash. 

Grass. 

Bran. 

Skimmed  milk. 

Between  S  and 

Between  ^  and 

Clover-hay. 

5  per  cent. 

SO  per  cent. 

Grass. 
Potatoes. 

• 

Between  40  and 

50  per  cent. 
Hay. 
Malt. 

Bran. 
Meat. 
Red  clover. 

Between  10  art^ 
SO  per  cent. 

Malt. 

Flesh. 

Between  10  and 

Clover-hay. 
Grass. 
Hay. 
Oat-straw. 

Rapeseed-cske. 

Brewers'  grains. 

15  per  cent. 

Beer-mafih. 

Wheat-bran. 

Oats. 

Clover-hay. 

Beans. 
Oats. 

Rye-meal. 

Red  clover. 

Barley. 

Rye-meal. 

\Ialt. 

Barley. 

Oat-straw. 

Bean-straw. 

Corn. 
Grass. 

Between  SO  and 

Beans. 
Bean -straw. 

Hay. 

40  per  cent. 
Bean -straw. 
Milk. 
Oil-cake. 

Under  10  per  cent 

Undergo  percent. 

Beets. 

Red  clover. 
Beets. 

Under  10 per  cent. 
Beets. 

Under  10 per  cent. 

Under  S  per  cent. 

Barlev. 
Potatoes. 

Milk. 

Potatoes. 

Meat. 

Potatoes. 

Corn. 

Potato- mash. 

Straw. 

Meat  residue. 

Beets. 

Meal. 
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The  percentage  of  starch  and  sugars  in  fodders  has  been  recently 
investigated  by  Mr.  E.  F.  Ladd,  and  he  gives  the  following  tables  as 
representing  his  results : — 

TnvAt^  Percent.  <»f  Nitrogen- 

No.  Substance.  rSISv    Sucrose.    Starch-         free  Extract  as 

Kugar.  Sugars  and  tttarch. 

1.  Fodder-corn,    .        .9  00       0.40       13.87  58.48 

2.  Corn-fodder,     .        .      2.50        1.43        22.88  53.82 
8.     Sorghum,.        .        .     17.00        8.40        12.19  64.21 

4.  Alsike  clover, 74.68  83.81 

5.  Red  clover,  average 

for  21,    ...      888  248  9.38  85.40 

6.  Timothy,  av.  for  21,      2.23  6.21  19.72  55.69 

7.  Prickly  comfrey.      ,      6.22  0.80  8.14  83.87 

8.  Cactus,  top 5.92  9.96  80.00 

9.  Cactus,  Slump,          .      2.80  8.60  17.10  41.12 

10.  Meadow  hay, 24.32  49.32 

11.  Wheat-straw 22.42  59.52 

12.  Oat-straw 23.18  51.14 

13.  Oats 63.20  81.05 

14.  Wheat,      ...       1.64        2.86  57.91  76.37 

15.  Wheat-flour,     .        .       8.64        8.86  61.88  86.77 

16.  Wheat-middlings,     .       8.20        6.40  41.44  75.31 

17.  Wheatliran,      .        .       1.60        4.40  45.60  83.53 

18.  Ship-stuff,  .        .      2.08        5.92  41.46  83.07 

In  red  clover  the  following  are  the  variations : — 

Invert  sugar,         .        .     from  5  20  per  cent,  to  2.60  per  cent. 
Sucrose,         .        .        .        **    3.80  **  1.20 

Starch,  .        .        .        **  13.90  *'  5.58 

For  timothy  the  following  represent  the  highest  and  lowest  per- 
centages : — 

Invert  sugar,        .        .     from  5.00  per  cent,  to  2.40  per  cent. 
Sucrose,         .        .         .        "7.60  *'  4.68 

Starch,.  .        .        .         '*  22  61  "        17.55 

The  percentage  of  sugars  and  starch  in  timothy  varies  according  as 
tl»e  estimations  are  made :  while  in  full  bloom  or  after  the  seeds  are 
formed,  but  before  they  are  fully  matured.  This  is  shown  in  the  follow- 
ing table  :— 

Per  rent,  of  Nitrogen- 
Invert  Sugar.    Sucrose.     Starch.       free  Extract  as 

Sugar  and  Starch. 

Earlv-cut,     .        .        .     3.72  5.96        18.07  52.73 

Late-cut,        .         .        .     2.32  5  40        21.60  60.24 

It  thus  would  appear  that  as  hays  approach  ripeness  the  percent,  of 
sugar  is  diminished,  while  the  starch  is  increased.  Mr.  Ladd  was  unable 
to  trace  any  relation  between  the  per  cent,  of  sugars  and  starch  and  the 
iind  of  fertilizer  applied  to  the  soil,  and  was  unable  to  confirni  tlie  usual 
statement  that  a  potash  dressing  increased  the  starch-contents  of  the 
timothy. 


The  most  impoitant  of  the  foods  of  aiumal  origin  are  milk  find 
animal  fksh,  or  meat. 

L  Milk  will  l>e  considered  more  at  length  under  the  Secretions, 
details  bein^  given  as  to  the  composition  and  ebarueteri sties  of  the  milk 
of  ditfereiit  animals.  It  is  at  iiresent  only  necessary  to  refer  in  outliue 
to  its  composition  to  indicate  in  a  general  way  its  nutritive  value.  Milk 
contains  an  avemge,  in  lUO  parts,  of  Ha.7  parts  wattT,  5.4  partes  of 
albuminous  bodies,  4.3  part^  of  fats*  4  parts  of  sngar,  and  OS*  part:*  of 
inorganic  saltis.  Of  the  inorg^anie  salti*,  potassium  phoJ?iphate,  calcium 
phtisphate,  and  potas^sinrn  chloride  are  in  greatest  abundance,,  while 
sodium  chloride  is  in  smaller  amount;  iron  has  also  been  found  to 
be  present  Milk,  therefore,  contains  examples  of  all  the  ditterenl 
nutritive  principles,  proteids,  carbo-hydmtes,  fats,  and  salts^  and  theft? 
nrmnged  in  tlie  proportion  which  is  best  suited  for  nutritive  purpoaefi. 
All  mammals,  in  the  earliest  period  of  their  extra-iiterine  life,  are 
nonrislied  solely  on  milk,  and  their  rapid  growth  and  dcvelopmi^nt  in 
this  period  ia  without  doubt  largely  dependent  upon  the  mjumcr  in 
which  tfie  dilferent  food-principies  are  combineil  in  milk.  Milk,  thei'e- 
ibre,  may  be  regarded  as  a  typical  food<  Buttermilk  is  the  name 
which  is  j^iveu  to  the  flnid  which  remains  after  the  fats  have  Ijeen 
renin ved  by  chnrning.  It  Is  less  nntritions  than  milk  to  the  extent  to 
which  the  fats  have  been  removed,  but,  all  the  other  principles  remain- 
ing, it  may  serve  useful  nutritive  purposes.  It  has  an  acid  reaction, 
from  the  fermentation  of  the  milk-sugar  into  lactic  acid.  Cheese 
consists  of  the  casein  and  fats,  the  casein  being  coagulated,  either 
through  the  spontaneous  development  of  acidity,  when  it  is  termed 
a  curd,  or  by  the  addition  of  the  milk-curdling  ferment  from  the  stomach 
of  the  calf.  It  therefore  consists  principally  of  albuminous  bodies  and 
fats,  the  whey,  in  which  the  salts  and  sugar  remain  dissolved,  being 
largely  forced  out  by  pressure.  It  is  hence  well  suited  to  form  an 
addition  to  foods  which  are  poor  in  albuminoids  and  fats,  as  in  certain 
vegetables,  such  as  potatoes  and  rice.  The  whey  of  milk  contains  the 
sugar  and  lactic  acid,  which  is  developed  from  the  fermentation  of  the 
sugar,  salts,  and  a  certain  amount  of  milk-albumen.  It  also  has  con- 
siderable nutritive  value,  and  seems  especially  to  stimulate  intestinal 
peristalsis,  and  therefore  to  be,  to  a  certain  extent,  laxative. 

2.  Meat. — Next  in  value  to  milk  as  food  comes  the  flesh  of  animals. 
The  nutritive  principles  of  meat  are  contained  within  the  muscle-fibre; 
the  juice  obtained  by  subjecting  muscle  to  pressure  contains  myosin  and 
ordinary  albumen,  inosite  or  muscle-sugar,  and  glycogen,  as  representa- 
tives of  the  carbo-hydrate  group,  while  within  the  connectiye  tissue 


AKniAL  FOODS. 


189 


ftrotiiid  the  muscular  fl1>ros  fiit  is  neiirly  always  to  be  fumul.  Meat, 
tLk?rt;fore,  also  coiitiuiis  iiiembt-rH  of  the  proteid  group,  earbo-bydmte  and 
fatty  food-stuffs,  together  with  a  considerable  amount  of  inort»:auic  salts. 
Hcnce.tweat  is  also  an  excellent  food,  AlbuminouH  bodies  are  in  greatest 
am*»iint ;  tben  come  the  fatn,  then  the  carbo-hydrates,  and  finally  the 
different  salts.  Ordinarily  lean  meat  may  be  said  to  contain  an  average 
of  73.5  XH?r  cent,  of  water,  26,5  per  eent»  of  solids  (of  whieh  21  per 
cent,  is  albnmtnous  and  L5  j»er  cent.  gelatintmK,  L5  per  eent.  fats,  1 
per  cent,  carbo-hydrates,  and  1  per  cent,  inorgmde  salts).  Of  the  latter, 
tliree-fourthscoiisigt  of  acid  phosphate  of  potassium,  one  seventliof  earthy 
pho8phat^8  and  inm,  and  about  tnte-fiftecnth  of  fjotassinm  chloride.  The 
flesh  of  ditli^rent  aidmaU  dilfers  in  couipoj^ition,  an  is  shown  by  the 
folio wuifr  table  i — 
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It  is  thus  seen  that  meat  in  esjieeially  distinguished  by  itH  high  allm- 
minoid  constitnenti3,  wldeh  nni*>nnl  to  four  times  that  contained  in  milk. 
hickcn-flesh  and  that  of  other  birdn  i'a  richer  in  albnnnnoid.s  than  tliat 
f  Tnammals,  whdc  tlie  flesh  of  fish    is   poorer,  though  even  here  18  (kt 
cent,  of  idbaminons  boilies  i»  present.    Meat  alone  forms  the  food  of  the 
riiivora  only»and,as  we  shall  find  that  earbo-hyd rates  may  be  developed 
ora  the  decomposition  of  albuminoids,  carnivorous  animals  will,  there- 
re,  require  an  immense  amount  of  albuminous  bodies,  and  therefore  a 
I'ry  great  volume  of  meat.     If  carbo-hydrates  are  added   to  the  meat 
let  <jf  the  earnivorons  animals  the  v<»btme  of  tlie  latter  may  be  very 
nsiderably  reduced  and  still  the  animal  jireserve  its  nnrritive  eqnilib- 
nm.    In  a  diet  of  raw  meal  animals  always  run  a  risk  of  taking  entozoa 
parasites,  i^u eh  as  triehina,  into  their  interior.     The  prejianition  of 
eat  by  prolonge<I  Iwiiling  destroys  all  the  fmnisites,and  therefore  serves 
render  even  infeeteft  meat  harmless.     When  meat  is  placed  in  cold 
ter  the  riiorganic  salts  and  a  certain  part  of  the  albuniiiions  botlies 
Wbout  3  per  cent,),  together  with    the  8o-i*alled  extractives  of  meat, 
«nch  as  kreatin,  xanthin,  and  !nppr>xnnthin,  pass   into  solution  along 
with  small  amoinits  of  lactic  acid.     When  the  water  is  warmed   up  to 
^  C.  a  certain  amount  of  soluble  albuminoids  undergo  eoagulation  and 
form  coaguli,  which  Ho.at  on  the  snrfaee  of  the  water.     As  the  tempera- 
ture of  the  water  is  increased  the  external  surfaces  of  the  meat  firitt  ««- 
iergo  coagulation,  and  s*i  j  ire  vent  further  cseape  of  the  r 
eat  which  has  been  sul>jected  to  prolonged  boiling  thi 
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considerable  nutritive  value,  since  it  contains  still  16  or  18  per  cent,  of  tbe 
albuminous  bodies  and  a  small  quantity  of  nutritive  salts,  and  is  readily 
digestible  in  the  alimentary  canaL  If  meat  is  placed  in  water  which  is 
already  boiling  the  external  surfaces  are  at  once  coagulated  and  b«t  little 
of  the  nutritive  juices  escape,  so  that,  therefore,  meat  so  prepared  has  a 
greater  nutritive  value  than  meat  which  is  placed  in  cold  water  and  then 
gradually  subjected  to  boiling.  The  more  rapidly,  therefore,  the  exter- 
nal surfaces  of  the  meat  are  coagulated,  as,  for  example,  by  roasting,  the 
greater  will  be  the  proportion  of  nutritive  substances  retained.  In  roast- 
ing the  haemoglobin  of  the  blood  becomes  decomposed,  and  the  meal 
then  takes  the  characteristic  brown  color  of  roast  meat,  while  at  the  same 
time  a  number  of  aromatic  substances,  to  which  the  peculiar  odor  and 
taste  of  roast  meat  are  due,  are  developed.  By  soaking  meat  in  brine 
putrefaction  is  prevented,  but  meat  so  salted  loses  a  certain  d^ree  of 
nutritive  value  from  the  fact  that  a  considerable  quantity  of  albuminous 
bodies  and  extractive  matters  and  salts  ixiss  into  the  pickling  solution. 
Smoked  beef  is  protected  from  decomposition  by  the  development  of 
phenol  in  the  smoke ;  this  substance  is  an  energetic  preventive  of  decom- 
position. Beef  so  dried  preserves  nearly  all  of  its  nutritive  principles, 
only  having  lost  in  water.  Meat-broth  obtained  by  boiling  meat  with 
water  has  usually  an  acid  reaction,  from  the* lactic  acid  of  meat,  and  con* 
tains  a  greater  part  of  salts  and  extractive  matters  of  meat,  together 
with  a  certiin  amount  of  gelatinous  albuminoids  and  a  small  amount  of 
fat.  Meat-broth  will  contain  about  1.4  per  cent,  of  solids,  but  is  of  slight 
nutritive  value,  since  it  contiiins  scarcely  any  albuminoids  or  carbo- 
h3Hlrates,  and  but  an  extremely  small  amount  of  Aits.  It  consists  almost 
solely  of  the  extractive  matters  and  salts,  and  is,  therefore,  simply  of 
value  as  a  means  of  supplying  the  inorganic  salts  of  meat.  From  the 
extractive  matters  and  the  potassium  salts  present  it  is  to  a  certain  ex* 
tent  a  stimulant,  since  it  simply  in  this  v^ay  produces  a  greater  secretion 
of  digestive  juices.  Beef-tea,  prepared  by  putting  meat  in  cold  water 
and  gradually  raising  the  temperature,  has  a  higher  nutritive  value  than 
the  commercial  beef  extracts  from  the  fact  that  the  soluble  albuminoids 
have  time  to  pass  into  solution  in  the  water  before  their  temperature  of 
coagulation  has  been  reached.  The  composition  of  meat  will  be  given 
in  greater  extent  under  the  subject  of  Muscles. 

^^J?g8,  especially  those  of  the  hen,  are  also  valuable  nutritive  articles, 
containing  also  examples  of  all  the  different  food-stuffs ;  thus,  one  hun- 
dred parts  of  egg,  the  shells  having  been  removed,  consist  of  73.9  per 
cent,  water  and  26.1  per  cent,  solids.  Of  the  latter  14  percent,  is 
albuminoid,  10.8  per  cent,  fat,  a  small  amount  of  sugar,  and  1  per  cent. 
of  inorganic  salts,  especially  sodium  chloride,  potassium  phosphate,  and 
a  small  amount  of  oxide  of  iron. 
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Eggs  are  also  fi-equently  used  ns  food  for  calves  and  stallions  wben 
rub!>etl  iip  with  the  aliells.  To  fatten in-^  mlves  thrL'tM-j^'t^s  may  l»e  admin- 
istered dail}%  rubLi^d  \»p^  shells  aiid  iili,  with  tht'ir  daily  t^iipply  of  milk, 
and  serve  to  give  an  especially  pleasant  flavor  Uy  iimv  fle«li.  For  stallions, 
ten  io,  fifteen  eggs  may  be  given  with  their  usual  f<>od. 

m.     mOEGANIC   FOODS, 

By  inorganic  foods  are  meant  those  inorganic  compounds  which 
are  found  in  the  dilTerent  tissues,  secretions,  and  excretions  of  the 
organism,  which,  being  esKcntial  tu  t!jc  vital  processes  of  the  or^aniyrn 
and  l»eing  continually  removed,  must  !»e  cuustantly  replnccd.  Inorganic 
substances  are  indispensable  to  a  projicr  nourishment  of  animals^  but 
lliey  are  not  usually  taken  in  their  simple  form,  hut  as  constitucnis  of 
snimal  or  vegetable  matter,  or  in  the  fluids  which  arc  drunk.  Of  the 
inorganic  foods,  water,  common  salt^  salts  of  lime  and  potassinm,  and 
iron  are  indisii>eni*able,  as  they  are  the  necessary  constituents  of  the 
blood,  lymph,  bones,  and  d liferent  tissues,  and  are  continually  l>ctng 
removetl  in  the  nutritive  processes  of  the  economy, 

1.  Water. — ^ Water,  as  an  alimentary  principle,  is  taken  into  the 
system,  either  alone  as  a  drink,  or  in  combination  with  articles  of  food; 
in  Iwjth  of  which  cases  it  is  also  associated  with  a  certain  amount  of 
inorganic  salts,  as  animals,  unless  pressed  by  great  tliirst,  will  refuse  to 
drink  ilistilled  water.  For  certain  animals,  such  as  rabbits  and  kangaroos, 
which  seldom  or  never  ap])arently  <lnnk  wnter,  enough  lluid  f(»r  their 
needs  is  containefl  in  the  succulent  vcge tallies  which  serve  as  their 
food;  for  if  rabbits,  for  example,  are  fed  on  dry  food,  such  as  bran,  they 
will  then  require  water,  and  will  drink  it  like  other  animals.  So  also 
sheep,  which,  as  a  rule,  reipiire  but  small  amounts  of  wsiter  because 
of  the  succulent  character  of  their  food,  if  in  dry  local i Lies,  or  if 
Ihey  arc  fed  on  drj'  food,  will  also  hunt  for  water,  like  other  animals 
susceptible  of  thirst.  Water  not  only  earries  into  the  system  nniterials 
ifli|>able  of  solution,  but  it  hohls  matters  in  suspension  whieli  in  some 
Mfctoea  may  l>e  nutritious,  in  others  poisonous.  The  jjurest  water  is  not 
neeeaaartl^^  the  best  for  animals  or  man,  nor  is  dirty  water  necessarily 
injurious.  Prinking-water  must  possess  certain  qualities.  It  must  be 
fresh,  clear,  without  odor,  and  <>f  a  certain  taste.  It  should  always  con- 
tain gases  and  mineral  matter  in  solution,  lint  be  free  from  organic 
ftulistances.  The  presence  of  the  latter,  which  are  always  injurious,  may 
lie  recognised  by  the  addition  of  a  small  amount  of  potassium  perman- 
ganate solution  to  the  suspected  water,  when,  if  organic  sulmtunc"'^ 
present,  the  bripjht-purple  solution  will  become  a  dirty  brown.  J 
water  should  contain  from  20  to  30  per  cent,  of  its  volume 
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eolation.  It  also  should  contafn  a  considerable  amoont  of  catbgn 
dioxide,  to  which  the  flavor  of  water  is  dae.  The  dispersion  of  these- 
gases  by  boiling  gives  to  water  a  fli&t  and  disagreeable  taste.  The 
inorganic  salts  held  in  solution  in  natural  waters  may  vary  within  very 
wide  limits,  both  as  to  their  nature  and  quantity ;  ordinary  drlnkaUe 
water  eontains  about  twenty-five  to  one  hundred  centigrammes  of  solid 
residue  per  liter.  Of  this,  carbonates,  sulphates,  alkalies,  chlorides, 
and  earthy  matters  are  the  most  constant  constituents,  although  various 
other-  substances,  such  as  sulphur,  iron,  and  lime,  are  contained  In 
Walters  of  differenlf  localities,  forming  the  so-called  mineral-spring  waters, 
"^hose  composition  is  subject  to  the  very  greatest  variation. 

2.  Nutritive  Salts. — Of  the  salts  which  are  essential  for  the  nutri- 
tion of  animals  the  most  important  is  sodium  chloride..   This  substaaoe 
enters  largely  into  the  composition  of  all  animal  tissues  and  fluids,  and 
when  not  supplied  in  proper  amount  produces  great  disturbances  of  natri* 
tion,  and  a  morbid  craving  for  it  has  often  been  noticed.    The  effects  of 
-the  deprivation  of  salts,  or  the  so-called  sieilt  hunger,  will  be  alluded  te 
under  the  subject  of  Nutrition.    Even  the  administration  of  an  ezin 
ration  of  salt  is  sometimes  of  advantage;  thus,  the  experiment  has  bsoi 
made  of  feeding  two  bullocks  on  food  which  in  one  case  contained  t 
daily  ration  of  five  hundred  grains  of  salt,  while  no  salt  was  supplied  t» 
the  other.    For  five  months  no  very  evident  results  appeared ;  but  ohangM 
then  commenced  which  were  very  marked,  even  to  the  unpracticed  eje. 
In  the  bullock  to  which  the  salt  had  In^en  supplied  the  hair  was  smooth 
and  glisteninnr,  and  in  tlie  other  rough  and  tarnished.     This  distribiitioB 
of  salt  in  the  diet  was  continued  for  a  year,  when  the  animal  which  hid 
been  kept  without  salt  had  a  rough  and  tangled  hide,  with  patches  where 
the  skin  was  entirely  bare,  while  tlie  other,  to  whom  five  hundred  grains 
of  salt  had  l)een  sui)plied  daily,  had  all  the  appearance  of  a  healthy, stall- 
fed  animal,  was  much  more  vivacious,  and  would  have  brought  a  much 
higher  price  in  the  market. 

In  addition  to  sodium  chloride,  phosphates,  carbo-hydrates,  and  sul- 
phates are  also  of  great  nutritive  value,  and  are  required  for  the  nmiih 
tonance  of  a  proper  nutritive  condition  of  the  aninml.  Camivorow 
animals  receive  a  proper  supply  of  phosphates  in  the  animal  foodi, 
especially  in  bones,  whereas  the  herbivora  derive  them  from  the  grasses 
on  which  they  feed.  Phosphatic  manures  owe  their  value  largely  to  the 
contribution  of  phosphates  wliich  they  make  to  the  soil,  and  hence  to 
the  grasses  grown  on  them.  The  lime  salts,  as  has  been  already  indif 
eated,  are  essential  for  the  development  of  the  solidity  of  bones,  and 
wlien  reduced  in  amount  lead  to  various  deformities  of  the  bony 
skeleton.  Even  suckling  animals  receive  in  the  milk  of  their  mothers 
when  normal  a  sutUciency  of  these  inorganic  matters ;  thus,  a  suckling 


If  receives  daily  fifty-two  graniracs  of  inorganic  matter  tii  the  milk 
tilt!  niuthcr,  niul  a  calf  six  rnontlis  oUl  appropriates  in  its  foddiff 
aniuiuit  of  phowpliorie  ncid  corresponiling  to  thirty-six  gniniHies  uf 
leium  plumpbatc*;  while  a  horse  fed  on  hay  and  oats  receives  daily 
►out  one  hundr*Ml  and  sixty^'isiUt  grammes  of  rnlciuni  phosphate. 
L*c4isi*»nnlly  aiiimaU  are  seen  to  eat  earth.  This,  with  the  excejjtion  in 
e  itaso  of  bird*i,  where  gravel  is  required  to  assist  in  the  comminution 
'the  food  in  the  gizzard,  is  to  he  exf>lained  hy  the  iiisiitncieney  of  inor- 
mic  matter  in  the  food.  ThuH,  the  earth-eating  Indians  in  South 
tneriea  arc  said  to  consume  earthy  matters  from  the  fact  that  their 
)ra  U  poor  in  salts. 
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"^The  complexity  of  food-stuffs  is  essential  to  Uie  sustenance  of 
;he  organism.  Tlie  food  must  contain  albuminoids  for  the  recon* 
slmelion  t»f  the  tissues,  earbo-hyd rates  and  fats  Jbr  calorilication 
itnd  the  formation  of  adipose  tissue,  and  the  saline  matters  for  the 
i^itrcrunt  secretions  and  tissues.  If  any  one  of  these  food -constit- 
uents is  not  reprencnted  in  the  diet,  the  food,  even  although  in 
neessive  amount,  will  he  incapahle  of  preserving  heaUh.  Expcri- 
inenUtion  has  pro  veil  that  single  alimentary  principles  wiH  not  sustain 
lift*  Mageiidie  showed  long  ago  that  dogs  fed  exclusively  on  non- 
nitrogenous  sulistances,  such  as  sTigar,  gum,  olive  oil  or  luilter,  in  a  short 
time  died  of  marasmus,  the  apiH*tite  soon  being  lost,  ulcerations  forming 
on  tlie  cornea,  and  death  occurring  with  all  the  symptoms  of  starvation 
^r alxiut  four  weeks.  A  fter  death  all  fat  was  found  to  have  disappeared 
froirj  the  body;  the  muscles  were  Atrophied  j  the  urine  alkaline  and 
''^Iffivcil  of  nric  acid  and  phosphates,  so  as  to  resemble  the  urine  of  her- 
Wrom.  Similar  results  were  obtained  whether  the  animals  were  fed  with 
<^J«»itb  gum,  or  with  sugar  alone*  Any  one  of  these  substances  was 
wftnrl  to  he  incapable  of  sustaining  life.  Objection  might  naturally  he 
•'ged  against  these  ex|>eriment9  that  the  <log  being  a  carnivorous 
*l»ioial,a  diet  of  non-nitrogenous  food  was  not  adai*ted  to  his  nutritive 
l^ift;  hut  the  repetition  of  Magendie's  exjX'riments  liy  Tie^lcmann  and 
Oaelin  with  the  goose,  by  feeding  on  gum  arabic  and  water,  sugar  and 
^9itT,  and  raw  or  uncooked  starch,  overcomes  the  force  of  tins  argument, 
h  All  cases  death  occurred  in  from  two  to  three  weeks  with  all  the 
troiptoms  of  fitarvation,  even  though  the  examination  of  the  excreta 
upovhI  that  the  substances  given  had  lieen  digested.  In  all  cases  the 
l|»petitc  gradually  failed,  diiirrhfca  set  in,  and  death  occurred  from 
llyiQstion  and  starvation.  It  thus  seems  clear  that,  even  though 
%ested,  H  non-nitrogenous  diet  alone  wilt  not  sustain  life,  eitlier  in  the 
inriTora  or  in   the  herbivora.     A   similar  state  of  atfaira  *  r 
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nitrogenous  diet.  Dogs  fed  exclusively  on  gelatin  soon  refuse  to  take 
it,  and  die  of  hunger.  Fibrin  alone  will  also  not  sustain  life,  death 
occurring  on  the  fortieth  to  the  eightieth  day,  while  albumen,  whether 
raw  or  cooked,  if  given  alone,  has  been  found  to  be  incapable  of  sustain* 
ing  life  even  as  long  as  fibrin.  Gluten  alone  lias  been  found  capable  of 
sustaining  life,  probablj'  because  it  is  not  a  pure  nitrogenous  matter  and 
alwa^'s  contains  starch,  vegetable  albuminoids,  and  salts ;  so  that,  there- 
fore, tlie  experiments  made  with  gluten,  in  which  nutrition  seemed  to  be 
tolerably  well  preserved,  will  not  disprove  the  general  statement  tbat 
single  nutritive  principles  are  not  cai>able  of  sustaining  life.  Finally, 
again,  a  mixture  of  nitrogenous  matters,  such  as  fibrin,  albumen,  and 
gelatin,  although  more  nutritious  than  when  any  one  of  these  is  given 
alone,  is  always  incapable  of  supporting  life  for  more  than  about  four 
mouths. 

These  results  show  that  a  simple,  easily  -  digestible  substance, 
whether  nitrogenous  or  non-nitrogenous,  alone  is  incapable  of  sup|)orting 
life.  An  aliment  must  contain  the  four  groups  of  nutritive  principles 
given  above.  Blood,  meat,  grasses,  and  grains  are  aliments,  any  one  of 
wliich,  when  taken  alone,  will  sustain  life.  Thus,  milk  contains  casein, 
an  albuminoid,  together  with  albuminous  bodies  allied  to  serum-albomenf 
which  supph*  nitrogenous  elements  necessary  for  tissue  development  It 
contains  sugar  and  fats  for  producing  heat,  and  it  contains  salts  ia 
amounts  required  for  the  development  of  all  the  tissues.  Hay,  again, 
and  gnisses  alwiiys  contain  a  mixture  of  several  kinds  of  plants,  their 
stems,  leaves,  and  seeds  always  containing  ve<>:etal)le  albuminous  matters, 
sugar,  starch,  mineral  salts  and  fats.  Observation  has,  however,  shova 
tliat  the  association  of  dilFerent  alimentary  substances  already  complex  is 
favorable  to  nutrition,  not  only  by  the  dillerent  degrees  of  stimulation 
which  they  exert  on  the  dilFerent  portions  of  the  digestive  tract,  but  by 
the  variety  of  nutritive  matters  which  they  render  for  absorption.  A 
nunilx'i'  of  apparent  excei)tions  seem  to  oiler  themselves  to  the  truth  of 
this  statement ;  thus,  where  we  find  birds  feeding  almost  solely  on  a 
single  article  of  food,  and  always  maintaining  a  high  state  of  nutrition; 
and  yet  it  only  requires  a  little  reflection  to  show  that  such  foods  are 
invarial>ly  themselves  highly  complex,  and  contain  within  them  examples 
of  all  the  dillerent  food-stulfs.  So,  also,  the  larger  ruminants  will  thrive 
on  a  prolonged  diet  of  any  one  single  food;  and  3'et  here,  also,  the  only 
foods  on  whicli  nutrition  may  be  so  preserved  must  be  those  which  con- 
tain exani|)les  of  all  the  dilferent  food-i)rinciples. 

It  is  not  only  necessary  that  an  aliment  should  contain  all  the  diffiS^ 
ent  food-i)rinciples,  but  that  they  should  be  present  in  considerable qi**'    j 
tities  and  in  definite  proportions;  otherwise  nutritive  equilibrium wiUbi 
destroyed.     The  essential  relations  between  the  relatiye.proportiooft-if' 
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these  different  food-stuffs  will  be  discussed  when  we  consider  the  nutri- 
tive value  of  foods. 

We  may,  however,  here  call  attention  to  the  fact  that  in  an  animal 
in  whom  no  excessive  demands  for  work  are  made  a  proportion  of  one 
partof  nitrogenous  to  eight  of  non-nitrogenous  food-stuffs  will  besufUcieut 
to  maintain  the  body  weight.  When,  however,  the  animal  is  worked, 
thai  the  proportion  between  nitrogenous  and  non-nitrogenous  food  must 
be  increased  from  1:5  to  1:3.  The  following  table,  after  Liebig,  shows 
the  proportion  of  nitrogenous  to  non-nitrogenous  principles  in  some 
of  the  most  common  foods : — 

Cows'  milk. 1 :  2  to  1  :4 

Beans  and  peas, 1:2 

Ox-flesh, 1 :   1.7 

Pies'  flesh, 1:3 

Calves'  flesh, 1:1 

Pototoes, 1:10 

Oatmeal, 1:5 

Wheat-flour, 1 :  4.6 

Rje-  and  barley-meal, 1 :  5.7 

The  aliment  which  is  well  adapted  to  nourish  one  species  of  animal 
is  not  necessarily  suitable  for  another.  Thus,  a  vegetable  food  which 
famishes  the  maximum  of  its  nutritive  principles  to  a  ruminant,  which 
is  capable  of  perfectly  dividing  it  and  retaining  it  for  a  long  time  in  its 
complicated  gastro-intestinal  appai-atus,  will  1x3  of  little  value  to  such  an 
animal  as  a  horse  for  the  directly  opiwsite  reasons.  Further,  the  food 
^liich  may  be  nutritive  for  an  animal  with  a  perfect  masticatory  appa- 
ratus will  l>e  useless  to  one  in  whom  the  teeth  have  not  ai)peared  or  have 
been  lost;  or  it  ma}'^  serve  for  a  beast  of  burden  which  has  need  of  blood 
and  tissue  producers,  and  not  for  a  fatteninii:  animal,  or  a  cow  kei>t 
entirely  for  milking.  The  alimentary  ration  must  correspond  to  the 
losses  of  the  ory:anism,  and  must,  therefore,  be  proportionate  to  the  work 
^one  and  the  animal's  size;  thus,  a  man  under  ordinary  circumstances 
requires  20  grammes  of  nitrogen  and  330  grammes  of  carbon  daily,  rep- 
resented by  1000  grammes  of  bread  and  280  grammes  of  meat.  The 
I'orse  needs  7500  grammes  of  hay  and  2270  grammes  of  oats,  representing 
10  kilo  of  hay  and  2  kilo  of  oats  for  every  100  kilo  of  bod}'  weight.  Loss 
of  Weight  occurs  if  this  daily  ration  is  reduced  only  one-tenth.  For  the  dog 
^Ograraracs  of  meat  are  necessary  ft)r  each  kilo  of  body  weight,  and  liere 
*lso  the  animals  lose  flesh  if  these  rations  are  decreased  onlj'  one-tenth. 
If  the  bodily  losses  are  increased  by  work  or  by  the  secretion  of  milk, 
or  if  the  animal  is  in  the  growing  period,  when  the  size  and  weight  of  the 
"0(iy  should  increase,  it  is  also  indisi)ensal)le  that  these  rations  should 
^"crease.  In  cases  where  extraordinary  demands  are  made  on  the  forces 
of  the  animal,  as  in  beasts  of  burden,  the  supplementary  foods  are  then 
^  be  given  in  small  volume,  and  should  then  be  of  extremelj'  nutritive 
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nature  in  concentrntcd  form,ao  as  not  to  txix  the  digestive  organs.  Thui 
for  workiiiijmen  meat  shoiiltl  rejirest'iit  tlie  accessory  rations;  for  horses 
oats4  is  the  Huitaljle  form.  For  if  tlie  extra  fond 4s  given  to  the  horse  iu 
grafises  it  hecomes  impossible  to  worii  him  bt^eaiise  of  the  overdistension 
of  the  nlimeiitary  canal  necessitated  by  the  greatly  inereased  volume  of 
food  required.  Again,  iu  fattening  atJimnls  or  in  animals  kept  for  milk- 
ing pnr posters  the  diet  must  be  rich  in  albumen,  iu  tats  and  ci»rl»o-liyd rates. 
Equivalent  values  of  different  amounts  of  different  foods  eannot  lie  deter- 
mined by  ebeniiiral  analysis  atone,  as  will  be  shown  when  the  nutritive 
values  iif  the  dilferent  foods  are  eonsidered,  Tliat  two  foods  should 
have  the  snme  nutritive  value  they  should  contain  equal  proportions  of 
nitrogenous  matters,  carbo-hydrates,  salts,  etc,  in  equnl  volumes.  They 
flhoiild  possess  equal  stimnhiting  properties  to  the  digestive  tract,  antl 
should  be  of  equal  digestibility.  It  is  a  general  rule  that  animal  matters 
are  more  nutritive  than  vegctal»le  matters,  bulk  for  bulk.  Thej^  are, 
fnrthcr,  more  variiid  in  composition ,  :ind  are  more  readily  assimilated, 

Tho   moile  of  diet  suitable  fur  diller^^'nt  animals^  the  charaeter  of 
their  food   and  its  nature,  varies  very  widely  in   dilferent  classes  of  ani- 
mals, whether  earnivoroiis,  herbivorous,  or  omnivorous.     Each  of  thes< 
classes  has  a  sfieeial  mode  of  Mliuientatiou,  as  especially' emphasized  by 
Colin,  which  is  governed  by  the  ehajacteristics  of  its  digestive  organs* B 
Iu  each  of  these  three  groups  of  animals  a  numl>er  of  sulxlivisions  may  ■ 
be  estaldished.    Thus,  among  t!>e  carnivora  there  are  animals  which  only 
eat  living  prey  ;  others,  only  decomposing  animal  matter  ;  others,  again^ 
only  insects. 

Among  the  herbivora,  some  onl}*  eat  grasses;  others,  only  grains ; 
others,  routs  ancl  leaves,  etc.  The  nioile  of  alimentation  suitable  to  eacli 
of  these  species  is  closely  dependent  upon  the  digestive  organs  of  each, 
and  governs  its  habits Jnstinets,  and  characters, and  is  dependent  largely 
iipon  the  modes  which  it  |>ossesses  of  attack  and  defense. 

Tlie  Cfirfiivi^rfi^  especially  those  belonging  to  the  group  of  mammals, 
have  a  strikingly  characteristic  organization.  Tlieir  incisor  te<?th  are  cut 
ting,  their  canine  teeth  long  and  pointed,  as  are  also  the  cusps  of  tbeirj 
molar  teeih.  Their  jaws  are  short;  their  massetcr  and  temponil  nrusclei 
enorrnously  develoj^ed,  lodged  in  deep  temporal  fossae,  and  attached 
to  highly-^:*urved  zygomatic  arches;  their  trsopliagus  dilatable;  their 
stomachs  large ;  tijeir  intestines  short  nml  simple,  rtud  their  ea^ca  small 
or  absent.  Their  feet  are  divided  and  furnished  with  more  or  less  pointed 
claws.  They  are  admirably  organized  for  the  discovery  of  their  j»rey  by  ^ 
acute  sight  or  aciite  sense  of  smell  or  heriring;  their  agility  or  cunning  ■ 
enables  them  to  sur]irise  and  seize  their  [vrey,  and  their  strength  to  tear 
it  to  pieces;  while  their  jaws  are  ]jowerful  enough  to  crush  !he  bones, 
and  their  gastric  juices  powerful  enough  to  dissolve  them.   Such  animala 
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are  the  lion,  the  tiger,  the  jaguar,  and  all  eats.     The  carnivora  which 
feed  on  living  prey  are  alwa^'S  ferocious.     Those  which  feet]  on  dead 
animal  matter  are  usually'  cowardly,  as  the  vulture,  hyena,  jackal,  etc. 
As  a  rule,  they  seek   their  prey  alone  and  seldom  hunt  in  flocks   or 
herds.    Tliey  differ  in  their  manner  of  searching  for  food.     Some  lie  in 
irait  for  their  food  and  surprise  it,  others  chase  it ;  some  feeil  almost 
solely  on  fish,  others  on  mammals.     The  general  rule,  however,  holds 
that  animals  seldom,  if  ever,  feed  on  their  own  species.     Carnivorous 
animals  invariably  devour  the  herbivorous.     There  are,  however,  many 
exceptions  to  this;  thus,  swans  have  been  said  to  eat  their  own  kind; 
ducks  and  ravens  are  said  to  have  eaten  birds  of  their  own  8i»ecies ;  while 
it  seems  well  establishecl  that  wolves  and  rats  both  destroy  each  other 
for  food;  so,  also,  the  sow  has  been  known  to  eat  her  young;   but  all 
these  are  merely  exceptions  to  the  general  rule  that  animals,  even  when 
pressed  by  the  most  extreme  hunger,  refuse  to  devour  flesh  of  their  own 
species.    These  animals  difler  greatly  in  their  mode  of  devouring  their 
food.    Some  consume  their  prey  when  freshly  killed ;  others  simpl}'  con- 
sume the  blood;  some  wait  until  decomposition  has  commenced;  while 
mauy  bury  the  remains,  to  wait  until  again  pressed  l)y  hunger. 

Among  carnivorous  birds  we  always  find  a  mode  of  i)rehension  of 
food  suitable  to  the  character  of  their  diet.  Insect-eating  birds  have,  as 
a  rule  Jong,  narrow  beaks,  with  prehensile  tongues.  Fish-eating  birds 
havelieaks  which  enable  them  to  seize  and  consume  their  prey. 

HerlAvora  are  of  a  very  ditlVrent  organism  from  carnivora.  Their 
molars  are  flat,  or  have  tuberculatcd  crowns;  tlieirjaws  are  longer,  more 
S'Wer.  and  less  strong;  their  .stomachs  are  always  more  ample  from  the 
fa<'lthat  in  vegetable  food  the  nutritive  principles  are  in  less  relative 
I'nlk  than  in  animal  food;  their  intestines  are  larger,  longer,  and  more 
<*^>in|)lic*ated,  and  often  have  special  diverticuhe  for  the  retention  of  food  ; 
tlieir  senses  are  not  as  delicate  as  those  of  the  carnivora.  They,  as  a 
iiile,  want  means  of  aggression,  while  the  instincts,  courage,  and  cunning 
oftlie  carnivora  are  absent.  While  many  of  them  are  provided  with 
defensive  organs,  as  a  rule  they  dei»entl  upon  their  speed  for  their  pro- 
tection. 

Herbivorous  animals  are  divided  into  the  grass-i'aters,  the  herbivora 

proi)er;  the  tfranivora,  or  seed-eaters;  the  /'/v/(7/u(>/*«,or  those  which  feed 

t^n  fruits.     Of  the  large  herbivora,  the  solipedes,  of  which  the  horse  and 

ass  are  examples,  and  the  ruminants,  are  the  most  prominent  exan4)les. 

In  the  savage  state  they  live  exclusively  on  herbs  and  leaves,  and  never 

eat  roots  or  fruits.     Others,  such  as  the  hippopotamus,  rhinoceros,  and 

the  elephant,  prefer  roots,  but  eat  leaves  and  herbs,  and  in  the  domestic 

state  all  ma\'  live  on  dry  forage.     Others  belonging  to  this  same  group, 

such  as  the  castor  and  beaver,  and  the  rodents  generall}',  will  eat  the  bark 
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of  trees*  All  the  herbivora  are  possessed  of  instincts  which  enable  them 
to  select  the  vegetiUjle  foods  whieh  are  most  suitable  for  them,  and  will 
reject  others*  Thus^  it  has  been  found,  us  mentlontjd  by  CoHn,  who  has 
made  a  close  study  of  this  subject,  and  to  whom  the  author  is  largdy 
indebted,  that  a  horse  will  eat  2f>2  different  kinda  of  plants,  and  has  beea 
Heen  to  reject  212 ;  the  ox  wili  eat  275  and  refuse  218 ;  the  sheep  wiU  eat 
^Sl  and  reftise  141 ;  the  hare  will  eat  449  and  refuse  125;  and  the  p»g, 
whieh  is  omnivorous,  and  yet  which  can  be  sustained  by  vegetable  food, 
ha^  been  found  to  devour  1T2  difierent  kind^  of  vegetable  matter  and 
reject  I7L  DiHcrcnt  circuiwstaiices,  sueh  as  changing  seasons  or  migrap 
tion  from  dilferent  localities,  may  oon]i>el  them  to  feed  on  plants  wUich 
are  otherwise  ordinarily  refused*  Their  instinel  leads  them,  further,  to 
avoid  venomous  plants  when  mixed  with  other  plants,  or  unless  greatly 
pi*es&ed  by  hunger,  Diirercnt  plants  are  iioisonous  articles  of  food  to 
©onie  aniamls,  while  other  plants  arc  poisonous  to  others.  Here  it  is  only 
neeetisary  to  mention  thnt  tlie  ox  and  mbbit  may  eat  belladonna  with 
imiiitnity,  the  goat  hemlock,  the  horse  aconitej  while  goats  and  &heep 
avohl  moat  of  the  solanaee^. 

The  o??uMtvjra  are  permitted,  by  their  organization  and  instinct,  to 
devour  both  kinds  of  food,  and,  as  a  consequence,  their  habits  are  not  aft 
sharply  characterized  as  either  of  tho  two  above-mentioned  groups,  They 
may  live  either  on  exclusively  antmai  or  exclusively  vegetable  diet,  acfoH* 
ing  to  circumstances.  The  pig,  the  rat,  gallinaceous  fowls,  tlat-footd 
birds,  the  raven  and  crow^  are  all  omnivorous.  Many  animals  pbicc<l 
among  this  species  from  the  characteristics  of  their  organization  npjMir* 
ently  belong  to  the  carnivora,  such  as  the  beai;,  the  fox,  and  dog;  aiwl 
these  animals  are  also  omnivorous,  although  to  a  less-marked  degrcu  tbflffl 
the  preceding  examples.  The  hog  and  wild  boar  live  on  roots,  insects, 
and  reptiles.  Rats  and  mice,  strictly  speaking,  are  omnivorous,  siiftc* 
they  devour  everything  that  comes  within  their  reach. 

The  duck,  wliich  ordinarily  seeks  aquatic  regions,  where  it  caa  fvd 
on  tender  vegetable  shoots  and  small  aquatic  animals  and  insects,  iPf 
also  be  brought  to  live  on  a  purely  vegetable  or  even  a  purely  animal  diet 
Also,  the  fox  will  live  on  fruits  when  animal  food  is  not  accessible.  BeafS, 
w^hile  distinctly  carnivorous  in  their  type  of  organization,  are  also  otewt- 
orous  animals,  and  will  often  live  exclusively^  on  roots,  honey,  etc.  S« 
the  sea-otter  may  Im  brought  to  live  on  vegetable  matter  when  tish  cannot 
Ik?  obtained.  The  dog,  again,  is  strictly  carnivorous  in  its  orgaiiizatitJiii 
and  yet  tmii  live  on  purely  vegetable  matter,  and  in  its  state  of  domesti- 
(ittioa  this  diet  seems  to  suit  him  best.  A  great  numl>er  of  aniinals 
belonging  to  these  species  have  distinct  tastes  for  certain  mineral  sul>- 
wiances,  e8|>eeially  common  salt;  and  this  is,  above  all,  marketl  in  the 
herbivora,  which  perish  when  deprived  of  salt,  and,  as  i^  well  known,  wil) 
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seek  salt,  and  congregate  at  certain  periods  of  tbe  day  at  points  where 
.  is  t<i  be  found,  and  will  eat  earth  when  sodium  ehlonde  is  uot  to  he 
aineth  This,  as  already  mentioned,  is  to  l>e  explained  )>y  the  faet  that 
vifit&hle  matters  are  poor  in  sodium  salts  and  rich  in  potjiBsium  sjUts. 
SOtabo,  the  granivorous  birds  will  devour  gravel,  stones,  anil  &nnd  from 
lu  instinct  which  leads  to  their  taking  such  substances  into  tliyir  gizzard 
lo  ermble  them  to  properly  triturate  their  food ;  for,  in  the  granivorous 
birds, the  nutritive  principles  of  the  seeds  are  inclosed  within  dense  mem- 
brams.  They  are  not  provided  with  teeth  for  the  niastlcatiou  of  food, 
kI^  were  no  means  supplied  for  crushing  or  triturating  their  food, 
irould  stanre  to  death  with  their  stomachs  full  of  the  most  nutritious 

SKdS. 

The  diet  most  in  harmony  with  the  organism,  teeth,  alimentary 
ttnal,  etc.,  of  animals  may  l>e  modified  if  the  force  required  of  animals 
b  increased  artificially.  Thus,  the  horse  in  a  state  of  nature  is  never 
Irauivorous  or  fructivurous,  but  only  eats  herbs;  when  in  the  service  of 
0  grains  are  necessary  to  reduce  the  bulk  of  food,  for  horses  cannot 
rk  if  their  stomach  or  alimentary  canal  is  distended  with  forage.  By 
|be  miministration  of  oats  tljc  diirntion  of  the  fee<ling  time  and  of  the 
■ricMi  of  digestion  is  reduced.  There  is  economy  of  the  digestive  secre- 
18, the  stomach  is  much  less  distended,  and  tliere  is  less  time  required 
'for  (iijfctition ;  hence,  herbivorous  animalsi  in  domestication  liecome 
hrgeiy  granivorous,  and  oats  form  a  large  portion  of  tlieir  fooil,  for  oats 
arc  always  nutritions  in  sraall  bulk  and  readily  digested.  They  contain 
all  the  food-elements  in  suitaVile  proportions;  the  large  amount  of  nitro- 
gen which  they  contain  render  them  particularly  suitable  for  repairing 
^wt€  in  t!ie  muscular  system,  especrially  when  work  is  demanded  of  them. 
Oau  nourish,  therefore,  without  fattening.  Since  the  process  of  diges- 
tion in  the  herbivora  and  carnivora,  and  the  ultimate  nature  of  iheir 
W-stulTs  is  identical,  it  is  natural  to  suppose  that  their  nutritive  haliits 
fiwy  l>e  changed  ;  thus,  the  herbivora  may  l>c  brought  to  feed  on  animal 
tter,  while  the  carnivora  may  be  led  to  feed  on  matters  of  purely  vege- 
table origin.  Numerous  facts  of  this  kind  have  been  over  and  over 
^m  r**ported.  The  most  striking  of  all  is  seen  in  the  results  of  the 
^domestication  of  the  common  eat.  Here  a  typical  carnivorous  animal 
Kv  edncation  and  habit  Ixfcomcs  almost  herbivorous.  So,  also,  pigeons 
iiaveWen  accustomed  to  eat  meat  to  such  a  point  that  they  will  after- 
ward refuse  seeds.  In  Iceland,  where  vegetation  is  sparse,  the  native 
bf>rso^  and  fixen  have  been  seen  to  feed  upon  tisli,  and  it  is  even  stated 
that  liicy  have  been  seen  to  enter  the  water  and  tish  for  themselves.  The 
^t^ing  point  of  this  change  from  the  herbivorous  into  the  carnivorous 
,^P^is  found  in  the  fact  that  all  animals  after  their  birth  are  earnivo- 
'Us;  for  in  suckling  auimuls  there  is  but  little  if  any  diU'erence  iu  their 
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organism  from  that  of  tlie  carnivora.     Even  in  such  a  typical  group  of 
lierhivni'ous  aiimiuls   as  tlie  ruiiiinunts  we  nnd  that  iu  tbetn,  wlien  new- 
burn^  tlie  complex  wtoinaeh   ia   rudimentary  and  tlieir  alimentary  canal 
(lillers  l>iit  little  from  that  of  tbe  carnivora,  simply  loresliafl owing  whalj 
will  nltimately  l>c  develoi>e(1  when  tbe  animals  are  placed  npon  a  purely" 
herbivorona  diet.     Among  tbe  carnivora  tbe  most  typiesd  examples  will 
sometimes  refuse  vegetable  iiourisLiment,  and  tbe  tii-er  and  lion  and  i\m^ 
eagle  have  l>een  known  to  die  of  starvation  rather  tban  touch  it ;  never- 
tlielesSj  an  eagle  has  been  educated  to  eat  and  digest  bread.     Tbe  native 
repugnance  to  certain  fooihs  is  often  overcome  by  cooking,  and  it  is  wit] 
out  doubt  to  this  circumstance  that   man   is  omnivorotis  in  cUaracten 
Thus,  dogs  and  cats  do  not  eat  corn,  but  they  will  eat  bread.     Tbis 
however,  in  all  probability  to  be  exiilauied  by  the  fact  that  the  unernsbcKl 
seeds  are   incapable  of  digestion  by  carnivorous    animals,  since   their 
orgfliis  of  mastication  do  not  permit  of  tbe  liljeratiou  of  the  nntritive 
princii)lcs  from  their  undigestible  envelopes.    Cooking,  nevertheless » does 
lead  many  animals  to  eat  food  whieb  is  unnatural  to  tbeir  sjjecies;  thus, 
the  rabbtt  will  refuse  raw  mcat^  but  will  often  willingly  accept  and  digesl 
boiled  meat-      Certain  animals  are  both  earnivomns  and  berbivonjiis. 
This  is  cspeeially  illustrated  among  the  liirds^  where  some  are  fructivorori* 
in  winter  and  insectivorous  in  summer;  so  the  small  fructivorous  monkej 
will  eat  insects  and  seek  for  Q^f;9  and  little  birds  scarcely  batched,  Kven  in 
the  same  groups  of  animals  some  are  eaniivorous  and  some  berbivoro"^; 
thus,  among  plantigrades  and  tbe  cetaceans  we  have  exanifdes  of  chi'Ik 
It  is  worthy  of  notice,  however,  that  when  forcing  the  diet  is  ari^Unl 
and  animals  arc  restored  to  tbeir  native  state,  they  will  again  return  to 
their  natural  food.     Tbe  herbivora  forming  the  food  of  the  caroirora, 
and  feeding  themselves  on  vegetable  matters   for  the  maintenance  of 
tbeir  species,  must  conserpieutly  be  in  excess  of  the  canuvora, 

Wc  thus  see  that  tbe  choice  of  food  is  controlled  by  the  animJif* 
habits  and  appetites.  Herbivorous  tpiadrupeds  grage  and  confUBie 
grasses,  bnllm,  and  grains  suitable  to  the  organs  of  their  digestif 
a|)paratas,  while  the  cN'irnivoni  devour  the  flesh  of  the  berbivoni,  ^tld 
show  aversion  to  the  carcasses  of  animnls  allied  to  themselves  in  tlieif 
habits.  An  artificial  mode  of  existence  forces  on  animals  predilection* 
which  in  a  state  of  nature  are  not  observed-  In  nature  tliey  are  essentiAllf 
moderate  in  their  desires,  but  when  domesticated  will  eat  what  tH^y 
would  in  a  state  of  nature  avoid,  ami  never  appear  to  l»e  8atisfie<l» 
devouring  much  more  than  when  in  the  field,  filling  themselves  ti? 
repletion.  In  their  natural  state  the  exercise  connected  with  the  selet-tion 
of  food  is  of  great  importance  to  the  health  of  the  herbivoni.  They 
cannot  fast  long,  like  the  carnivora,  nor  can  they  in  a  single  meal  con- 
sume enough  to  enable  them  to  pass  hours  or  days  in  a  state  of  torpor 
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with  a  distended  alimentnry  cniml  l»efore  ngain  culled  upon  by  the 
demands  of  hunger.  The  domestic  finiinals  will  sometimes  kill  them- 
selves by  overeating  when  food  is  continually  plficetl  before  thein^  but 
that  is  only  when  they  are  from  their  sutToundiug  circumstances  rtslieved 
from  traveling  for  food  an«l  water;  wbere  their  time  is  not,  therefore, 
largely  occupied  in  exercise  find  in  watching  for  disturbing  causes.  So, 
if  treated  artificially,  animals  should  be  managed  according  to  their 
habits.  The  collection  of  food  further  varies  in  our  dilTerent  domestic 
animals:  one  bolts  flesh  and  coarscl\' -ground  bones,  to  be  deposited  in  a 
capacious  stomach  ;  another  rapidly  swallows  large  volumes  of  food  and 
lodges  it  for  awUite  in  a  croj)  or  paunch,  to  be  again  regurgitated  and 
ros^ticated  at  leisure.  The  fowl  cruslies  its  food  beyond  the  crop  or 
stomach  in  the  gizzard.  The  ox  swallows  large  volumes  of  food  which 
hare  been  subjected  to  scarcely  any  mastication,  to  return  them  at  leisure 
to  the  month  to  be  remastieated*  The  horse  collects  and  at  once 
thorougldy  grinds  and  mixes  food  with  sidiva,  and  nipidly  passes  it  from 
its  stomach  to  its  intestines  without  the  functions  of  rumination.  Habit, 
therefore,  materially  influences  the  collection  of  food,  its  retention,  and 
uppropriation  to  the  wants  of  the  animal,  and  is  itself  governed  by  the 
type  of  the  organization  of  the  digestive  tract  (Gamgee). 

On  the  liaais  of  the  above  considerations  we  may  indicate  in  a  general 
way  the  fundamefital  principles  which  must  underlie  a  rational  system  of 
feeding.     In  the  first  place,  it  is  evident  that  the  daily  ration  must  be 
appropriate  to  the  normal  mode  of  feeding  and  digestive  peculiarities  of 
Ihe  species;  further^  the  digestive  power  in  different  animals  varies  not 
only  in  diderent  species  for  the  same  food,  but  it  varies  in  different  indi- 
viduals of  the  same   species   of  different   ages.     The   capacity  of  the 
BUjTnaeh  must  be  considered,  that  the  appetite  may  be  satisfied  without 
tbe  stomach  being  o%'erloaded.    Experiiuent  has  proved  that  the  solipedes 
ebonld  receive  daily  2  per  cent,  of  their  body  weight  in  solids,  and  rumi- 
Mtiits  2 J  per  cent,  of  their  weight. 

In  the  second  place,  the  fooil  must  be  adjusted  with  special  reference 
to  tlie  demands  which  are  made  upon  the  auinial  economy,  whether  for 
work,  fat,  or  milk  production.  Special  directions  for  so  adjusting  the 
mtions  will  be  given  after  the  composition  of  the  food-stuffs  and  the 
Jiatritive  changes  occurring  in  different  animals  in  various  conditions 
liave  been  considered.  It  may  be  here  mentioned,  however,  that  good 
Iwy  is  taken  as  the  tj^pe  of  a  food  for  the  larger  herbivora,  and  that  it 
sliows  a  nutritive  proportion  of  one  part  of  nitrogenous  matter  to  4.8 
parts  of  non-nitrogenous  constituents,  cellulose  being  disregarded.  This 
proportion,  therefore,  represents  the  normal  relation  between  the  nitroge- 
nous and  non-nitrogenous  matters  in  the  natural  diet  of  the  herbivora; 
aud  although  this  proportion  under  certain  circumstances  may  be  widened 
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to  1 : 8  or  contracted  to  1 : 4,  the  digestibility,  and  th^lrefore  the  niitri- 
tive  value,  of  the  fodder  la  interfered  with  if  theae  Ifmits  be  paaaed. 

In  the  case  of  hay,  again,  the  amount  of  fiitty  constituents  is  to  the 
nitrogenous  matters  as  1 : 3.7.  If  this  proportion  be  contracted  to  1 :  8J 
the  horse  will  still  be  able  to  accomplish  its  normal  amounts  of  work ;  but 
if  reduced  below  this  for  the  horse,  or  below  1 :8  for  the  ox,  the  Ml 
nutritive  value  of  the  food  will  not  be  lippropriat^d.  Theset  figures^  of 
course,  refer  to  the  digestible  percentages  of  the  fodders^  and-  by 'referring 
to  the  tables  of  the  composition  of  the  different  food-stuflb,  whicli  wlU  be 
subsequently  given,  it  will  be  found  possible  to  constmot  dittaiy  tables 
according  to  the  demands  on  the  animal  economy.  •.        * 

It  may  thus  be  added  to  the  general  statements  whiek  .here  bsoi 
made  in  the  early  parts  of  this  section  that  not  only  must  nU  aaiaili 
receive  representatives  of  the  different  food-constituentSi  bvt  tlmt  At 
herbivora  must  not  receive  more  than  eight  or  less  than-  four  parts  sf 
non-nitrogenous  matter  to  one  of  proteid,  and  not  less  than  two  pull 
of  proteid  to  one  of  fat. 


SECTION  II. 
Digestion. 

I.  GENERAL  CHARACTEBISTICS  OF  THE  DIGESTH^E  APPAEATUS. 

Digestion  is  the  preparation  of  food  for  absorption,  and  is  usually 
iccomplished  by  tlie  introduction  of  tlie  food  into  a  special  cavity  com- 
manicating  with  the  exterior,  where  it  undergoes  such  changes  as  will 
enable  it  to  pass  through  the  walls  of  the  blood-vessels.  Foods  of 
animals,  as  already  shown,  are  usually  solids  ;  that  the}-  may  be  ab- 
sorbed and  enter  into  the  blood  of  aninuils  the}'  must  first  be  reduced 
to  a  fluid  condition ;  this  solution  is  the  object  of  digestion  and  is 
accomplished  by  means  of  the  different  secretions  poured  out  b}-  the 
alimentary  canal.  It  is  evident,  therefore,  that  the  alimentary  tract  must 
consist  of  a  cavit}'  to  contain  these  digestive  fluids ;  must  communicate 
with  the  exterior  to  permit  of  the  entrance  of  food  and  removal  of 
indigestible  residue;  that  it  must  be  provided  with  motor  organs  for 
determining  the  entrance  of  food,  and  that  its  walls  must  be  capable 
of  elalx>rating  digestive  secretions  and  absorbing  the  results  of  the 
digestive  process.  Digestion,  therefore,  includes  a  number  of  complex 
processes :  the  prehension  of  food  and  in  many  eases  its  mechanical 
comminution  or  mastication  by  special  organs;  secretion,  or  the  mode 
of  production  of  the  digestive  fluids  ;  absorption,  or  the  means  of  con- 
veyance of  the  digestive  products  into  the  blood  stream;  and  finally 
defecation,  or  the  expulsion  of  the  non-nutritious  residue.  If  the 
diirestive  tract  is  considered  from  the  point  of  view  of  these  different 
Piirjwses,  it  will  be  found  to  be  very  ditrerently  constituted  in  different 
mcnikTs  of  the  animal  kingdom,  its  state  of  development  governing  the 
complexity  of  all  accessory  organs. 

In  the  higher  animals  it  consists  of  the  mouth,  the  pharynx,  gullet, 
stomach,  intestine,  and  anal  aperture.  In  its  development  it  is  found 
to  1k^  simply  a  continuation  of  the  external  surface  reflected  inward  as 
^«  would  turn  in  the  finger  of  a  glove.  Consequently,  in  the  gradual 
^^'olution  of  the  alimentary-  canal  from  its  simplest  to  its  most  com- 
plex form,  we  find  every  grade  of  such  reflection,  from  a  mere  depression 
^^  the  external  surface,  as  in  the  amoeba,  to  the  long  and  complicated 
^"testinal  tube  of  the  ruminant.  In  all  cases  this  is  the  mode  of  origin 
^^the  aUmentary  canal;  consequent!}',  food,  when  within  the  alimentary 
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« 
canal,  is  still  practically  in  contact  with  the  external  surlace,  and,  there- 
fore, still  outside  the  body.  To  enable  it  to  pass  through  the  walls  of 
the  digestive  cavity  into  the  circulatory  system  is  the  object  of  digct- 
-tion,  and  we  shall  find  that  this  is  accomplished  by  the  production  of 
more  or  less  profound  chemical  changes  in  the  food-constituents. 

The  length,  capacity,  and  complexity  of  the  digestive  canal  an 
governed  by  the  complexity  of  the  food.  Vegetable  feeders,  therefoiei 
of  all  classes  of  animala,  have  a  more  highly  developed  alimentary  canal 
than  animals  of  the  same  class  which  feed  on  animal  food.  With  this 
modification,  the  statement  may  be  made  that  there  is  a  gradual  in- 
crease  in  complexity  of  the  digestive  organs  as  the  animal  scale  ii 
ascended. 

In  the  amoeba  we  find  the  simplest  possible  representative  of  s 
digestive  function.    When  alimentary  substances  come  in  contact  with 

1  «  8     


Fig.  5fi.— PARAJCCKCirM  BmsARiA,  AFTER  Rtein.    (Huxley.) 

1.  The  Mnimil  Ti«ved  f^m  the  d^rMl  aide.     A.  eorticAl  Urer  nf  th«  hiidr  :  B.  Doolca* :  C.  4 
chamber:  U  U'.  nuittvra  uken  in  w  r«Hid  :  E.  chli>n>|>hTlI  Rinnule*. 

2.  Th«  aniniAl  vtewl  fnim  the  ventral  iiMe.  A*.  de|>r«ii«{«Mi  lendinr  to  B.  month:  C.  (fflM:  Di 
Bneleiif:  !>'.  nu«le<iln«:  E.  central  unMidc.  In  t«th  theM  ftjnire*  the  amiwB  iadicttte  th« diractioB al 
the  circnlati'tn  uf  the  varviMle. 

3.  Paraiu'iK-ium  dividing  trsDiTenelj.  A  A^  eoBtrmctile  fracM;  B  B'.  Boeleas  dirMiaf; 
C  C^  nudeului. 

the  soft  external  surface  of  the  amrclia  a  temporary  depression  or 
pocket  forms  around  them,  and  by  the  jrradual  deepening  of  this  de- 
pression ami  closing  of  a  wall  around  it  a  cavity  is  formed  and  the 
alimentary  substances  gradually  brought  to  the  interior  of  the  mas*. 
Witliin  this  temporary  chanilvr  the  alimentary  sul>stances  are  removed 
and  appropriateil,  while  the  nndigestible  residue  is  remove<l  by  a  process 
the  reverse  of  that  concerned  in  its  introduction.  The  amoilia  there- 
fore has,  strictly  s|H»akinjr,  no  digestive  orjrans,  but  it  temporarily  de- 
velops a  cavity  at  the  point  of  contact  with  the  foo<l. 

In  certain  of  the  infusoria,  such  as  the  ]Hiram(vcuimy  we  have  » 
single  portion  of  the  external  body  surface  s|X'cializeil  as  the  orifice  of 
entrance  for  the  food-stutfs.     An  oral  ai^rture  (which  in  this  illustration 
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is  l>onleretl  by  ciUa)  is,  therefore,  the  first  point  of  sjieciaUzation  of 
the  digestive  tract.     No  digestive  tube  is,  liowever,  yet  preHeiit,  but  the 

orifVce  in  the  wnlU  of  such  an  animalcule  eorinuunicatcs  <iireetly  with  a 
Central  hody-eavity^  and  the  oritk*e  of  entruuce  and  exit  of  the  food  is 
the  same  tFijr,  5fi), 

In  tlie  hj'tlm  tUore  is  a  definite  oral  aperture,  or  inoutli,  leadinjr  to 
&  pomianent  body  cavity,  and  this  opening  serves  also  for  the  inlet  of 
foml  and  the  outlet  of  the  nndijLijcstible  residue.  Tbe  b^dra  lias,  how- 
ever, advanced  a  istep  iu  s})eciuIizutiou»  since  it  is  pnjvided  with  definite 
t^rehensile  organs  (tentacles)  ffir  tbe  seizure  of  Ibod  (Fig.  67). 

There  are  apimrently,  bowevcr,  no  true  digestive  secreting  organs  in 
the  hydra,  since  tbe  internal  biidy  cavity  appears  to  be  sli-ictly  tbe  same 
u  the  external  surface.     Hydra?  have  even  been  everted,  so  as  to  make 


A,  h4.1rB  r iridic  afctiM'tt»l  i 
■aj^jlied:  C«  l»f  dm  in  diu^r^ 


It,  &  ning\9  ■] 


FlfJ.     T)^,— Fl-rSTRA.        THAOHAMMATTC 

HKrrniN    or    A    s*rMii,E    tkll    uf 

FlIHTRA.  Olt  **HK.\-MAT''  {GHKATl^Y 
MAGStVtK  M  )*      (  U  ihttn, ) 

A  A,  ri1i«tH  lentAole«;  B,  tn^puth ;  C,  milTct: 
I>,  il««niflK*h ;  K,  iutMtinn ;  f,  (tnu*;  G»  mervon* 
gmajrll'>n  :  It  Et,  K<'"«T^t  ti«<dly  cxvity  ;  ].  leKtiJi :  K, 
orarv  :  L,  etBttntrtt.  ur  i>iH«r  Diir>mbriiLne  mF  l>f»d,¥  ; 
M.  «ndt»cy>t,  or  iniior  n.emhmne  <tf  Wnly  ^  N,  ro- 
tmotor  En'tiftQlo.  by  the  actinD  uf  ^hk-h  did  aaimal 
okn  wltlidfmw  tN  ciiliiited.  lAutAolM. 


the  original  outside  surface  the  lining  surface  of  the  digestive  cavity,  and 
dlg^estioii  was  still  quite  as  ellieleutly  performed.  Similar  types  of  digest- 
ive organs  are  seen  in  sponges  and  in  tlje  jelly-fish.  In  the  latter, 
hnwever,  a  step  still  further  has  been  made  in  the  de\*e!opnient  of  chan- 
n<.^ls  for  the  distribution  of  tlie  nutritive  substances. 

A  true  alimentary  canal  nbould  have  two  openings,  one  for  the 
is»Tes8  of  food,  the  otber  for  tbe  egress  of  excreta.  The  simplest  form 
of  such  an  organ  is  seen  iu  the  fiustra,  or  sea-mat.  and  in  tbe  sea-urehins 
(^«g.58,)  In  these  organisms  both  the  mouth  and  tbe  vent  develop  con- 
Blricting  museles.  Iu  the  animals  of  which  the  worm  is  the  type  (Figs. 
59  and  60),  the  digestive  tract  is  either  a  straight  tube  running  from  one 
end  of  the  liody  to  tlic  other,  or  it  may  be  divided  into  little  iiouehes  or 

ies,  as  in  tbe  leech  (Fig.  Gl). 
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In  tlie  myria|>od«  and  larvse  the  same  general  plan  is  continued,  tiie 
alimentary  canal  still  being  a  simpk;  tube  pnssing  from  one  extremity 
of  the  \KKiy  to  the  other,  with  an  oral  oritice  and  vent.  Imt  in  these 
animals  shov^ing  a  divtaion  into  gullet,  stomach,  and  intestines  (Fig.  62)^ 
A  diflerence  is  also  met  with  according  as  the  animals  are  carnivorous  or 
vegetable-feeders*     In  tlie  former  the  canal  is  narrow  and  nearly  straight, 

with  a  Hli«i:ht  dilatation  representing  the  stomaeb  J 
while  in   the  lierliivorous  species  it  is  complicaUdJ 
by  saccular  pouches  to  dt4ay  the  onward  progi^Mifl 
of  the  food.      lu  the  tunieata  the  division  of  Ihefl 
alimentary  canal  into  gullet,  stomach,  and  iutestinea  ■ 
is  more  marketl,  since  we  have  in  them  a  distinct 
oesophagus,  stomach,  small  and  large  intestines.     In 
the   crustaceans  there   exists   a    definite    digestive 
apparatus,   with    the    first   appearance   of   distinct 
glands   having  for  tlieir  function  the   secretion  of 
digestive  juices,   crustaceans   especially    having  t 
voluminous  liver  which  secretes   a  yellowisU-green 
fluid   of  the   nature   of  bile.      In  the  crnsLaceaDB 
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Fin.  oO.— DjAflRAM  OF 
THK  Al.IMKXTAKV  CA- 
NAL or  AX  Earth- 
Worm,  AFTER  Ray 
Lank  ESTER, 

If.  mottttii  Fll  T'^nrjnx; 
OES.  eeifipUwit* :  CG.  catc«r»- 
tut  jfltntli;    CP,    orofr^    G,  gii' 


Fio,  oa— Transvrrsk  Section  of  Earttt-Worx  to  SHov 
Position  anp  RKLATtosrs  op  the  IxTESTrsrES^  aiti* 
ClaparIsdk.    {Jeffi'eif-BelKy 


the  liver  has  l>ecomc  a  symmetrical,  lobulated  organ,  instend  of  tlw 
numerous  small  foUiculi  which  are  found  in  earlier  forms  around  tb« 
alimentary  canal,  and  which  pours  its  secretion  into  the  upper  jmrt  of 
the  intestine.  In  the  higher  crustaceans,  sucli  ris  the  cralm  and  lobsters^ 
there  is  a  sliort,  wide  sac,  provided  with  internal  hard,  cah-areous  do«t- 
icles,  which  serves  the  purpose  of  a  gullet,  stomach,  and  gizsEard,    The 


CHAItiCTERISTICS  OF  THE  DIGESTITE  APPABATUS, 


psttne  is  short,  n^rly  straight^  aiid  simple ;  sometimes  it  is  also  pro- 
ided  with  cffica.     In  insects  there  is  a  great  variation  in  the  form  and 
of  the  canal,  depending  on  the  stage  of  inetamorphobis  ;  nearly 
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always,  however,  a  gullet,  craw,  gizzard,  large  and  small  intestines,  aud 
numerous  glandular  appendages  may  be  recognized  (Fig.  HS). 

Ill  the  vermifunn  larvie  the  uliim^ntary  canal  Is  a  stniight  tube  passin, 
from  one  end  of  the  bod}^  to  the  other,  the  dilatations  which   repre^eal 
the  stomach  and  crop  ai*j>earinnr  later,     Cieca  are  also  then  preweut,  and 
there  is  hence  a  division  into  small  and  large  intestines.    In  mandibulate 

insects,  as  in  the  wasps  and  l)eetles, 
the  crop  and  stomach  are  glandular, 
ami  the  gizzard,  nnlike  that  uf  birtj^, 
is  plaetnl  above  the  stomach »  ami 
has  niuscniar  walls  and  a  chitinous 
lining-membrane.  In  insects  the 
f o  r  n  1  o  f  t  li  e  I  i  v  e  r  h  a  s  a  ga  i  n  ret  u  r oed 
to  that  of  long,  slender  tubes,  i^K>unng 
their  secretion  into  the  intestine, 
and  which  are  l)elieve€l  to  represent 
biliary  caiuds{Fig.  Ji3)*  In  caniir- 
orous  insects  the  crop  and  gizzani 
and  hirge  Intestine  are  less  developed 
rm\    ^  {WsXSSk!\I  /  f    \l    X  y  ^^*^"  ^'*  those  which  feed   on  vege- 
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Fm,  ft! —Bm FESTIVE  AppARATrs  of  Hoxey- 

Bkpc   {Apia    JiH'lltficaj.   AFTKtt  LkoN    DtX. 
FOXTIt, 


Fr«*  54,— ANATomr  of  the  Oysti* 

OQ*f  IMinraMi  §Atk$\it ;  MT.  ni«Bl)«;  Bv  1kra>ac^> 


talile  food,  thm  indicating  in  them  the  first  appearance  of  the  distmctioft 
between  the  hcrbivorons  and  cnrnivorous  animals,  showing  that  thecom- 
lilexity  of  the  alimentary  eamU  is  in  direct  proportion  to  the  complexiiv 
of  the  food.  The  intestine  is  narrow,  convoluted,  and  but  seldom  hasR 
mesentery;  distinctions  between  small  and  large  intestines  are  but  iraper* 


CHARACTEBISTICS   OF  THE  DIGEST^T  ArPABATUS. 


209 


fectly  iiid tented.     Tlie  intestine  terminates  in  an  expiinsion,  tiic  cloaca ^ 
iiitu  which  the  reproiluctive  organs  open. 

In  hivttlved  moUusks  like  the  oyster  (Fig.  64)  tbe  gullet  and 
liharynx  are  absent  and  the  mouth  coniniunieateH  directly  with  the 
iitouuich,  which  is  iml)edded  in  a  large  glandnhir  organ,  the  liver,  and  the 
Intestine  after  making  a  few  tnms  passes  directly  tlirongh  the  heart.  In 
univalvcHi  niollusks  like  the  »nail  the  a      _        2         1 

gullet  is  long,  the  crop  is  tmjuently 
present^   and  the  stomach    is   some- 
ttmes   double,  the   anterior   portion 
provided  with  teeth   ami   serving  as 
an  organ  of  mastication  or  as  a  giz- 
zard (Fig-  65).     A  lobnlated  liver  ia 
ulso  here    present;    the    intestine    is 
iH)nvohited,  passes  through  the  liver, 
and    imoally   terminates    in   the   an- 
terior jiart  of  the  body.    The  highest 
tnollusks,    such     as     the     cuttle-fish 
(Fig.  66),  show  a   marketl   advance 
in  complexity,  the  highest  stage  of 
tkvelopmeut  of  the  alimentary  canal 


r^o.A5.— Diagrammatic  RKmoH  of  F^KAri*. 
(WiUon,) 
k.  fwtf  t   H    wprreutnm  :    C,  t«ntJut1«§T  D.  m^mlh  :  E.  utU- 
-    -  '      r  «v>m&rh;   r,0,  ine4e«tln«t:    K.  snui:  I.  Iiv«r 

lAinWr  :  P.  giU  *.f  hr^KtHf  n«  E>mn  :  J?T,  haart 


Fio.  flB.— DiAdRAMMATtr  Bectiok  or  a 
Female   i.'kpkalufciw    USrpia    officii 

A,  buccal  nimu  ■urro'unii**!  by  th«  i\j*,  na^  timming 
lh«  homv  jnwB  and  ttmgut,  B,  tr^f^J^hmt^^^^ :  €,  lallTarj 
xl&nd.-  t>.  ntaiam^*,  H,  pjrimif  c«ecam :  F.  the  ftaiiii«(; 
Q,  the  inLe«tIii«;  H«  titt  uidii:  I.  th«  iMk-tNiir:  K,  the 
pU«e  Mf  the  aritMiBlfi  bMit:  L.  theUvsr:  N,  th«  h#p*tie 
dnet  nf  thi*  itti  •Ide;  O.  ih*  aTary  ,  P,  thcovidupt;  Q. 
one  of  th«B|«rtnrei  br  which  th«airia1  «jMt«ixk,ur  water 
chain ber«,  ar»  filarad  In  onmmQ&iclttlaii  with  the  ex- 
tBrior;  R,  one  of  the  bmnchin- ;  S,  the  r^^tidTial  jtrnDglia 
anrand  tbw  oaopluigiii ;  M.  the  tnantT#  ;  SH.  iht  lnfmik\ 
■h«ll,  i»r  enttJe-Wtt :  1, 2.  3.  4.  ."in  th«  inarjrliL«  of  Um  fool, 
co'jiititqttnf  the  Mo-iublled  ftnoi  ttT  th»  tvplt. 


^in^  accompanied  by  Uie  appearance  of  definite  organs  of  circulation 

i  ^^^  of  the  nerv'ous  system. 

In  vertebrates  the  complexity  and  perfection  of  the  alimcntftry  canal 
fcte  advanced  still  further,  and  we  find  in  them  tliat  the  huceal  cavity, 
I  wlitVjj  in  fi*;h  and  amphihians  is  single,  in  tlie  reptiles  is  divided  into  two 


-a    nasal    or   rest 
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portion.  The  teeth  here  uUo  cM^minence  to  be  especimUy  deveb{>ed. 
Fishes  have  a  short,  simple,  wide  alimentary  canal  and  stomach,  separalod 
by  a  marked  constriction  from  the  small  intestine,  but  the  separation  of 
the  stomach  from  the  gullet  is  less  marked,  being  indicated  often  onl}-  by 
the  diffenmce  In  structure  of  the  mucous  membrane;  hence,  in  ibe^ 
animals  regurgitation  of  food  is  easy,  and  is  the  method  which  is  often 
employed  for  the  removal  of  indigestible  residue.  A  form  of  rumination 
is  also  said  to  oc^ur  in  cerUiin  linbes,  the  food  being  regurgitated  to  tlie 
moiitb  and  remai>ticat€Hl  by  the  teeth  or  pharyng«t[ 
bones,  as  in  the  carp.  In  fishes  <  Figs.  H"  and  6S) 
the  stoniach  is  usually  l>ent  like  a  siphon,  tbe 
intestnic  is  si  might  and  short,  with  but  in  rure 
cashes  any  distinction  lietweeu  large  and  small 
intestines.  Tbere  is  no  distinct  ileo-ca?cal  valve, 
but  sometimes  a  c*cnm  is  present.  The  intestiJJe 
ii*  nirely  su|»iKjrte<l  on  a  mesentery- 

In  the  amphibious  reptile  the  type  of  the 
alimentary  canal  is  somewhat  similar  to  that  of 
the  fish,  tliongh  ibe  di^tinctloii  l»etween  the  larsfe 
and  **mall  intestines  is  l^etter  marked.  The  apsoffh- 
agus  is  short,  dilatable,  and  muscular,  and  the 
stonin(*h  is  tubuhir  and  m.ay  lie  bent  u|>on  itself 
A  dtstincliou  between  large  and  small  intestiDeA 


-B 


Fio-  57*— Istk»tixai*Canai* 

OF     TKK       8TCROKOS. 

(Cat*ug.} 

B  B»  pihKrjr&l  And  euiMlt-^oK  at 
the  rLQm«4:li  ;  A,  fryUmi*;  C,  pA.nci*' 
Atio  a,t»|«tidicet  of  th«  p/loroj  ;  b«low 

ittUMtia*  tormiUKtlnii;    in    ih«   tpknH 


Fig.  <I8.— 4STOMArH    op    thk   ftALMOK-Taorr  (Cww). 

SBOWtNQ     TBK    PAJfCBEATtC    APPENDICES    Of  tSl 

Pyi^orcs  at  a. 


is  readily  made.  The  influence  of  the  food  on  the  development  of  the 
alimentary  canal  is  seen  in  tbe  long,  coiled  intestine  of  the  vegetaWf- 
feeding  tadpole,  as  contrasted  with  the  short  intestine  of  the  insectivo- 
rous frag  and  toad.  The  crocodile  (Fig.  6I>)  has  a  more  complex  5^toni»cl» 
tliun  liny  animal  lower  in  the  scale.  It  is  a  sort  of  blending  of  tb« 
digestive  organ  of  the  cuttle-fisb  and  the  bird,  having  powerful  raiiscubt  ^ 
walls,  with  muscular  fibres  radiating  from  a  central  tendon  in  a  m^Mft 
very   closely   similar  to    that  seen    in    the   gizzard    of  the  bird.     Tbi  I 
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crocodile^  tht*refore,  forms  the  eouuective  link  in  i\w  iknTlopmeiit  t>f  the 

digestive  IuIk?  Inftween  rt'ptiles  aiul  Viirds,     In  this  ftnlnial  tlif  duoclenuin 

i«i  also  lir»t  seen,  t!je  liver  niul  panrrt'iiK  cnij>tvin<^  iutc*  li,  and  tlie  ujeHen- 

tvry  first  iiiakt^s  its  npiK^Hnincf  jis  n  conHliint  orguru     TJic    iiliriienlary 

c&uitl  of  reptiles  i»  hi m pier  ihmx  tliut  of  birds,  Init  resembles  the  bird 

more  than  the  tisfi.    The  a^sophagus  varies  with  tlie  length  of  the  neek,  and 

is>  wide  and  dilatable  in   the  ophidin.     It  joins  the  stomach  without  any 

constriction,  its  mucous  nicmbi-ane  beconi- 

ing  glandular.    In  the  serpents  the  cardiac 

portion  of  the  Btomai^h  is  long,  saccndar, 

and  dilatHlile,  while  tlie  jiyiorLis  is  narrow 

anil    nuiseular.     The  intestines  are  short 

and  wide  in  the  carnivorous  speeies,  Init 

long  and  furnished  with  cjvea  in  vegetable 

feedens* 


Fl«i.  7n.  — DlOKftTIVK    APPAHATU8  OF 
BlHim. 

{Ritmer  JonrsA     jy^^^,^*  E^k*«;    F.  ipin-bJ^ld^r;  ii,  i*o- 


Ficj.  IPi— ATOMArfT  OF  rR<>ronii,B.  _       _       _ 

.  M  ta  Um  ffistkH  of  the  tlrd  ;  D,  0»tntn«fiotn«i»t  of    Cmm:    U  litrwt  falMliM:    M  M,  anitn;   K» 


:  O,  el« 

In  birds  there  is  a  most  marked  difference  in  the  length  and  develo(>- 
Bent  of  their  alimentary  canab  dependent  upon  the  nature  of  their  food, 
thf  granivorous  and  fructivorous  birds  having  intestinal  tnln^s  of  greater 
l^^njyrth  and  complexity  tlian  those  whieh  live  on  animal  diet  <Fij4.  70)» 
In  Jill  cases  the  stomach  is  well  separateil  frnni  the  (esophagus,  the 
D^h  of  the  latter  being,  of  course,  depeTM^^-tn  i(.«iM  iJ>e  lent^th  of  the 
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neck  of  ihi}  hird,  white  its  width  iiiid  <lihitnhilitv  depfiid  u[ion  the  nature 
td'  tlie  f\)cKl.  In  trnuiivtirfm.H  hirdH  we  rnret  wMth  the  first  indication  *>f 
t  he  developtiieiit  of  tlie  <esophiigeal  iJowche;^  for  the  retention  and  macer- 
ation of  food,— organs  whieh  are  identical  in  function  with  the  firist  three 
[lonches  of  the  uinmruaHan  nniiiu:nit  stomach.  The  loealitj  and  character 
of  these  pouclies  vary  in  dirtereut  birds. 

In  the  granivorouH  birdn  this  orgnu,  which  is  termcil  the  crop,  it 
located  at  the  lower  part  of  the  gullet.  It  nm y  1>e  double,  as  in  the  case 
of  tl*e  pigeon,  auil  distinctl^^  jiirests  the  Iboil  and  retains  it  in  contact 
with  fluids  tf>  enalih^  it  to  beronie  nui(*crated  l»efore  l>ei!ig  passed  down 
to  the  digestive  organs  pnipen    In  tk'slM'atiug  birds, such  as  the  pettcao, 


A 


k^=?^' 


Fio,  7J.— IIonrxoNTAL  Hk<th»n  *jf  Gizkard  «>r  Goosk,  after  QAiiBor», 

the  pouch  is  located  higher  up  in  the  digestive  canal,  onlinarily  \^^^^    ■ 
the  lower  jaw,  and  here  seems  to  he  more  of  a  reserv^dr  for  storing  f<M    ^ 
than  as  a  distinct  commencement  of  the  digestive  apparatus,     Fniit-Aii'' 
iuseet-eating  birds  are  not  supplied  with  any  such  rt^servoirs,  while  the 
turkey,  ostrich,  goose,  swan,  and  most  of  the  waders,  have  n  higMy- 
developed  crop  ;  the  pigeon,  as  before  stated,  having  two,  one  on  eaHi 
side  of  the  oesophagus.     The  sttunach  in  birds  differs  according  as  their 
fliet  is  vegetable  or  animal.     It ranivoroui*  birds  have  a  small,  straight, 
dilatable  stomach,  called  the  proventri cuius,  communicating  al»ove  willi 
the  gullet  and  l>elow  with  a  higidy  muscular  organ,  the  gizzard  (T\p 
71),  lined   with   horny  epithelium,  usually  containing  gravel    or  sixnd. 
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and  which  has  fur  its  function  the  cnmliing:  find  mastication  of  foocK  The 
proventriculus,  centrictdus  auccenturtafus^  or  trut;  glanduliir  fitaniaeh, 
varies  in  form  and  size  in  ditTerent  liinls,  being  sometitiies  witle  and 
t^traight  and  sometimes  round.  In  the  rasorial  birds  it  is  wider  than  the 
gullet  and  smaller  than  the  gizzard.  Its  mucous  membrane  is  thicker 
than  tliat  of  the  irsophagus,  and  furui^lied  with  tubular  glands  which 
?*eerete  an  acid  digestive  secretion.  In  the  gmin-eaters  these  glands  are 
peculated,  or  expanded  into  compound  foilicles,  the  disposition  of  the 
glands  varying  in  different  species.  The  gizzard,  i;en^nVw^//,s  hullf0.sus,  iLe 
third  or  muscular  stonjnch,  is  a  more  or  les.s  tliUtened,  ovoid  organ*  liav- 
jng  two  apertures  at  its  ujiper  part,  one  communicating  with  the  |>roven- 
tricnlus^,  the  otlier  with  the  small  intestine.  The  gizzard  is  feebly  devel- 
oped, or  may  l>e  even  aliseut  in  carnivorous  birds,  such  as  the  erow  and 
the  raven,  and  is  there  simply  a  membranous  expansion  of  the  stomach, 
free  from  secreting  membraue,  atul  bearing  close  amilogy  and  function 
with  the  membranous  cardiac  extn-mity  of  the  stonuich  of  the  horse. 
The  intestines  of  birds  are,  as  a  rule,  relatively  to  Mie  size  of  the  i'ody, 
shorter  than  those  of  mammalia,  but  longer  tlian  those  of  reptiles.  In 
birds  of  prey,  as  a  rule,  they  are  not  more  than  twice  as  long  as  the  body, 
including  the  bill,  but  in  the  osjtrey  tliey  are  eight  times  as  long.  In 
fructivorous  and  granivorous  birds  they  are  nuich  hmger.  The  duodenum 
forms  a  loop,  embracing  tlie  pancreas.  The  division  between  small  and 
large  intestines  is  not  clearly  marked,  as  villi  are  found  in  both.  The 
pfjint  of  entrance  of  the  cieca,  wliich  are  most  develojied  in  birds  feed- 
ing on  vegetable  food,  marks  the  union  *if  small  and  hirge  intestines. 

In  all  the  groups  of  animals  nlrtady  referred  to  the  stomacli  occupies 
a  position  in  tins  long  axis  of  the  body.  It  is  oidy  in  mammals  tluit  its 
[)osition  l)ecomes  transverse  (Fig.  7i?),aud  we  notice  that  even  in  these 
animals  tiris  transverse  position  becomes  more  accentuated  during  its 
state  of  fiiiH'tional  activity.  Thus,  when  fasting  the  pyloric  orihce  of 
the  stomach  sinks  and  the  organ  tends  to  assume  a  longitudinal  position; 
when  filled  with  food  it  undergoes  a  partial  rotation  on  its  own  axis,  the 
j»ylori(*  orifice  attends,  and  it  now  becomes  transverse. 

In  mamnuds  the  <esoi>hagus  is  only  destined  to  conve}*  food  to  the 
*<toraach  ;  it  has  eontractile  walla,  Init  few  or  no  glands,  and  the  pouches 
which  we  have  recognized  in  the  birds  arc  rrpresi'utt'tl   in   but  a  single 
^ronp  of  mammals, — the  ruminants, — and  liere  they  are  situated  so  low 
ilown  in  the  resophagus  as  to  be  nrdinarily  described  as  divisions  of  the 
stomach.    Their  function  and  structure  prove  that  they  may  be  regarded, 
nevertheless,  as  a sojihageal  ]Kiuchcs.     The  diameter  of  the  oesophi 
viirie»  ftcconling  to  the  food  whicli  serves  as  the  norma!  diet  for 
animals.     It  is  large  and  readily  dilatable  in  carnivora,  which  lx>l 
food  entire;  it  is  narrow  in  tlie  lierbivura;  and  in  those  anim 
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The  Rtomaeh  is  clmrged  to  contain  the  <V>od  until  it  has  undergone 
the  cbemical  inoflilk-ntions  whicli  ure  esseiitiiil  to  its  absorption.  It  forms 
n  rt'servoir  which  i.s  in  niainniMlH  rleiirly  Ht^jmratfd  from  t\m  a\sophagns 
aii«l  tbe  intestine,  and  which,  a.s  already  sUitt'd,  oci'iipies*  a  tninsverse 
jKisition  m  mammals,  longitudinal  in  reptiles  mid  the  o\  ipjirons  verte- 
brates, while  its  transverse  [lusiLion  eoiuinericeK  to  he  indieateil  in  hirdB. 
The  stomach  may  Im*  either  simple  or  complex.  In  rarnivora,  whoee 
Uhk]  i«  ea^^'  of  stoliition,  it  is  a  single  cavity  lineil  witii  a  nnift^rm  mucous 
meiidiranc  ahundantly  supplied  with  glands  which  secrete  an  acid  (luitl, 
the  gastric  juice,  which  has  lor  its  fimetian  the  conversion  of  albuminous 


Fta. 7S.— «TOMx\cn  of  Diffkkent  Mammals  am* 

I.  itMBMh  of  iteiil ;  i,  fltomuih  of  hrenm :  \,  titomach  «r  urk-wlii 

»;  p,  (tflorui;  1,1,3,4,  Ut,  3d,  :id.  f.a4.  itL  stumnrlin.  i.  >«i 


i.  i<.(.ri]iiii4^h  of  muiiNte;  5,  Atumaiill 
Ins:  /,  r^indiiE  VBbtHcull. 


tooits  into  peptonesL.  The  eomplicution  of  the  stomach  in  mammals 
l>rogTe88e8  in  insennible  degrees,  and  in  a  general  way  is  in  pro(>ortion  to 
tW  iiidigestibility  of  the  food  (Fig.  73).  At  first  tlie  division  of  tlie 
stomnch  into  punches  is  only  indicated  liy  ii  dillerciice  in  st  met  are  and 
Lpfoiierties  of  the  mucous  membrane  of  the  eanliuc  and  pylorie  portions 
IbiJi  visciis.  This  difference  is,  to  a  eertsirn  extent,  ]>resent  in  all 
ik,  even  in  the  carnivora»  where  it  is  confuied  simply  to  a  histologi- 
clifference  in  tlie  nature  of  the  glands  of  these  two  portions  of  the 
|4iti)maclu  No  difference  is,  however,  evident  tr  ••  '-  -  ^  —  in  these 
liioals.     In  the  horse  the  separation 


FlO.  75.— HTfi^iArii  OF  Hon.  IvKr*ATKD.    iStranff€waM9^y 

wbere  we  have  a  si']Kir:itioii  into  a  «:lamhiliir  and  mem^n'anou.«^  jM>r(n»ii. 
the  diJlereiire  hi^tween  these  animals  consisting  in  the  faet  thiit  in  '♦ucli 
birds  it  is  the  eartliac  extremit}^  wjiieb  is  glandular,  and  the  pylollfl 
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in  the  moiitli,  pharynx,  and  anus,  and  pile,  unstriiied,  iiivolinitarv  fibres 
elsewhere.  The  contractions  of  these*  niuseiilur  fibres  in  t!ie  simili  and 
large  intestines  serve  to  cause  the  onward  progression  of  the  food  or  the 
tao-ealled  |>oris4taltic  movement  of  the  inteBtines,  The  mucous  nieuiljrane 
of  llie  alimentary  canal  Is  epithelisd  in  luitnre  in  the  nioutli,  pliarynx, 
and  gullet,  and  in  the  first  three  pouches  of  the  nnninant  stomach,  and 
in  the  carcUae  half  of  the  stonrach  of  the  horse.  It  is  free  from  glands, 
HUi}  iJ*  simf»ly  proteetive  in  nntiire.  In  Hio  entire  stomach  of  eariiivorotiH 
nuimaU,  iJie  fourth  stomaeli  of  ruminants,  luul  tlie  pyloric  half  of  the 
i^tomach  of  aolipeiles,  as  well  as  through  the  entire  extent  of  the  in- 
testines of  all  manniials,  it  is  gland uhir,  and  fnrnislies  a  more  or  less 
active  di genitive  secretion. 

Sensory  nerves  arc  supplied  to  the  two  extremities  of  the  digestive 
tuljc,  while  the  intermediary  portions  are  snpj^lied  with  nerves  whose 
stirnulatiou  seems  to  lead  to  secretion,  and  not,  as  a  rule,  to  individual 
srnsntions. 

The  extent  of  mucous  mem Ijrane  varies  untn rally  with  tlic  length, 

diamrter«  and  complexity  of  the  alimentary  caaal.     It  is,  tlierefore,  less 

in  caruivora,  greater  in  onuiivora,  and  immense  in  herlnvora.     The  extent 

of  ftiirfiiee,  therefore^  depends  upon  the  complexity  of  the  food.     The 

more  eoncentrated  the  food,  aa  in  cannvi>ra,  the  less  surface  is  recjuired 

lor   prodneing  secretion,  an<l  tlie   less   fur  its  aliHorptiuiK     In  animals 

living  im  a  vegetahle  diet,  where  the  nutritive  pnticiples  of  tiie  food  are 

mixed  with  a  larger  amount  of  non-nutritions  residue,  a  greater  surface  is 

rei|uired    for    secretion,  greater   time  is   reipiireil    for   digestion! ,  and    a 

grejkter  surface  must  he  sn[ipliefl  for  the  nlisorption  of  digestive  matters; 

we  find,  therefore,  that  in   herbivorous  animals   the  intestinal   tube  is 

aiways  longer,  more   comj)licated,  and    sni>plicd  with   a   larger   extent 

of  mueous    membrane    than  in  the  camivora.      Even  in  the  herl»ivora 

we  Hnd  a  dirterenee  in  the  distribution  of  the  mucous  surfaces ;   thus, 

the  horse   and    ox   are    both    hcrbivorons   animals:    the    former   is    a 

inonagastric  animal^  the  latter  a  polygastrie.  or  puminaiit.     The  former 

digests    little    by  its    stomach,   and  nuich    b)'   its  intestinal    tube;    the 

litter  readih*  digests  more  by  its  vast  and  complex  stomach  than  hy  its 

Mrrow  and  small    intestinal  tul>e.     Both,  however,  from  the  fact   tliat 

thty  are   herbivorous   animals,  have   a    great   extent  of  mucoui  mero- 

bninc^  which    may   l>e  twice  or  three   times  as  extennive  as    their  ex- 

[  ttrnsl  body  surface.     Thus,  the  cutaneous  surface  of  the  horse  is  about 

I  or  six   Sijuare   meters,  while   its  mucous   gastro-intestinal   snrface 

be  aa   much   as   twelve   scpmre   meters,  of  whit-li    oiN-thirtieth  is 

fi^presented  by  the  stomach  and  the  An  ox,  on 

[the  other  hand,  of  abont  the  same  of  abont 

iytuiteen   square   metera,  of  w        ^^^^ h '  satii  the 


classes  it  ia  tlivided  into  two  forms,  the  small  and  large  intestines.  Tiie 
small  intestine  is  (lestined  for  the  absori)tion  r»t'  fooil-j^roducts,  and  for 
the  elalKiriition  of  the  digestive  seereti<ins  fur  the  solution  of  food-stuffs 
which  liave  escaped  the  tietion  of  the  gastrie  juiee.  We  find  its  walls, 
therefore^  suiiplied  witli  tnlndar  glands  secreting  the  so-called  intestinal 
tluid;  and  emptying  into  the  small  intestine  we  find  in  all  cases  two  hvrge 
glandnhir  organs,  the  liver  and  pancreas,  secreting  tdkalirte  fluids  whieli 
have  a  greater  or  less  iinpnrtanee  in  digestinn.  In  the  small  iittestiue  of 
mammals  are  also  to  be  ibuud  special  organs  for  assisting  the  absarptioQ 


Flo.  77.— HTtlMACn  oil*  Ar>ULT  HlIKEP,    nRlKD  AXH  ISF^t^ATBD  ;  OVK-VtrTB 

THK  Nati^rai.  Sijuk.     (TltaifhtiJTn^) 
D,  mmen;    H.  raliriihtm ;    (!.  oinuiim;   ( ),  jitHiriiAdUfn  ;    r^  iTardlm:  p,  \itUni»t    hr,  nmtf^HM^^u^x  dk^ 
iag  of  tti«  Abuuianm,  or  fi>cirth  itotiuiioh ;  fr,  valve  botwocn  rvticulnm  mn<i  Qm«iiltn  i  «»  AfUtdmanm. 

of  food,  the  so-calk'd  vilh,  which  are  simjily  conical  ex])ansions  covered 

by  mucous  membrane^  wiiose  function,  together  with  that  of  the  folds  of 
tlie  mucous  membrane,  is  simply  to  give  increased  surface  for  absorjitioa 
In  the  higher  animals  the  small  intestine  is  divided  arbitrarily  into  three 
divisions,  the  duoilenum,  or  the  portion  of  ImjwcI  directly  in  comimaiica' 
tion  with  the  stomach,  which  is  always  curved  and  nsually  free  from 
mesentery.  Following  this  we  have  the  jejunum,  so-called  because  ordi- 
narily found  empty,  and  following  that  the  ileum. 

The   intestinal    canal    is   supplied   witij    mnseular   fibres,  arranged 
longitudinally  and  in  eoncentric  rings^  being  red-striped  muscular  fibrt* 
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in  the  mouth,  pharynx*  and  anus,  and  imk\  mistriixnl.  iiivolimtary  fibres 
elsewhere.  The  euiitractioii8  of  thest-  imiseular  filires  in  tlie  suiall  and 
large  intestines  serve  to  cause  the  onward  jiro^ression  of  the  food  or  the 
so-ealled  peristaltic  movement  of  the  intestines.  The  mucous  memhnme 
of  the  alimentary  canal  is  epithelial  in  nature  in  the  mouth,  pimrynx, 
aod  gullet*  and  in  the  first  three  ponclies  of  the  rumiinint  stoinaclj,  and 
in  the  cardiac  half  of  the  stomach  of  the  horse.  It  is  free  from  glands, 
and  is  simply  protective  in  nature.  In  the  entire  stomach  of  carnivorous 
Huimafi^f  the  fourth  j?tomach  of  mininants,  and  tlie  pyh^rie  half  of  the 
stomach  of  soli  pedes,  as  well  as  through  the  entire  extent  of  the  in- 
tet^tincd  of  all  mammals,  it  is  glandular,  and  furnishes  a  more  or  less 
active  tligestive  secretion. 

Sensory  nerves  are  supplied  to  the  two  extremities  of  the  digestive 
tube,  while  the  intermediary  portions  are  supplied  with  nerves  whose 
slimulntion  seems  to  lead  to  seeretioji,  and  not,  as  a  rule,  to  imlividual 
tions. 

The  extent  of  nuicous  memhrane  varies  uiiturally  with  the  letigth, 

tliatnetrr,  and  com|»lexity  of  the  alimentary  canal.     It  is^  therefore,  less 

in  earn tvora,  greater  in  oinnivora,  and  iuimense  in  hcrbivora.    Tiie  extent 

ot  Htirliice,  therefore,  depends  upon  the  ci>mplexity  of  the  food.     The 

mure  Cfineentrated  the  food,  as  in  earnivcjra,  the  less  surface  is  required 

ft)r  prodfieini;:  secretion,  and  the   less  for  its  al>sor[*tion.     In  animals 

lliriug  on  a  vegetalde  diet,  where  the  nutritive  iirinciijles  of  the  food  are 

atlxticl  with  A  larger  amount  of  non-nutritious  residne^a  ixreater  surface  is 

fe<|airt?il    for   secretion,  greater   time  is  re([uired    f(>r    digestion,  and    a 

greater  surface  must  he  supplied  for  the  ahs(»r[itiou  of  digestive  matters; 

we  Hwlij  therefore,  that   in    lu'rhivorons  uinnials    the   intestinal   tube  is 

liways  longer,  more    complicated,  and    sup[)lied  with    a    larger    extent 

of  mueouii    memljrane    than  in  tlie  earnivora.      Even  in  the  herbivora 

ve  find  a  diiferenee  in  the  distribution  of  the  mucous  surfaces;   thus, 

the  horse   and   ox   are    both    herbiv* irons   animals :    the    former   is   n 

monogastric  animal,  the  latter  a  polygastric,  or  lairainant.     The  former 

^ligests   little    b}^  its   stomach,   and  much   hj  its  intestinal   tube;    the 

latter  reaitily'  digests  more  by  its  vast  and  complex  stonuich  than  by  ib* 

narrow  and  small    intestinal  tnl>e.     Both,  however,  from  the  fact   that 

thry  are    herbivorous    animals,  liave   a    great   extent  of  mucoui  mem- 

Want,  which   may   be  twice  or  three   times  as  extensive  as   their   ex- 

t<*rnal  lK>dy'  surface.     Thus,  the  cutaneous  surface  of  the  horse  is  about 

Uve  ur  six    sipmre    meters,  while   its  mucous    gastro-intestinal    surface 

R«ij  be  as   much   as   twelve   sijuare   meters,  of   which   one-thirtieth  is 

J^presented  by  the  stomach  and  the  rest  b}'  the  intestines.     An  ox,  on 

the  other  hand,  of  about  the  same  size^  has  a  mucous  membrane  of  about 

j^T^otgeii  square   meters,  of  which   nine   square  meters  represent  the 
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mciubrane  of  the  stoiiiaeb.  CotistHiiieutly,  tbe  solipede  bus  a  loticou^ 
membrane  alxjut  twice,  ami  tbe  rumiiiaut  about  tbrei*  times,  as  exl^jiisive 
aa  it8  eotaneoiia  surlaee,  wbile  ttie  imit'ous  nietul>niue  of  the  slumacb 
alone  of  the  ox  is  one  and  oiie-balf  times  as  extensive  a.4  tbe  skiu  sur- 
face. In  tbe  carnivora — tlie  dog  or  tbe  eat»  for  example — the  mucouA— 
membrane^  from  tbe  simple  eharacter  of  their  food,  i&  very  much  IvaS 
ex  ten  stive  in  proportion  to  tbuir  external  Imdy  jsurfaec^  being  only  aWmt 
two-thirds  as  large  as  their  skin  snHaee.  Tlie  uiimivura,  again,  oeeupv  n 
mean  between  tbe  carnivora  and  the  berbivora. 

The  length  of  the  alimentary  eanal,  in  a  less  sLriet  degree,  however, 
is  also  suburdinate  to  the  charaeter  of  tbe  alimentation.  In  tbe  berbiv- 
ora tbe  intestinal  tube  may  be  as  much  as  twenty-4iigbt  times  the  length 
of  the  body,  while  the  inteatinid  canal  of  the  carnivora  is  only  three  nr 
four  times  as  long  as  tbe  body.  There  are,  however,  many  exceptionJ^ 
to  this  rule.  Thus,  the  dromedary  has  an  intestinal  tube  only  live  tiint* 
as  long  as  its  body;  tbe  ran)  twenty-eight  times  as  lontr  ;  the  deer  twelve 
times ;  the  rabbit  nine ;  ek-pbant  sc^ven  ;  tbe  byemi  eight,  and  tbi'  t^efil 
twenty -eight  times  as  long  as  its  body  length.  In  these  api>arent  exeep  i 
tions,  as,  for  example,  in  tbe  case  of  the  seal,  a  canuvonms  aiiiiiiiit, 
though  there  is  an  intestinal  tube  twenty -eight  times  as  long  as  its  UkJv, 
w^e  have  the  pro(>ortion  of  mucous  membrane  still  preserved ;  for,  wk-re 
in  herbivorous  animals  we  have  a  comparatively  short  tnlie,  its  diaoiftif 
is  always  proportionately  great,  while  in  tbe  case  of  carnivorous  arji* 
mals,  where  the  tulx-  is  long,  its  diameter  is  accordingly  small,  Tlins. 
tbe  ahmentary  eanal  of  the  horse  is  shorter  than  that  of  the  ox,  thv 
former  lieiug  abont  ninety  leet ;  but  it  is  verj^  much  more  <*a|>acious. 

Change  in  tbe  normal  diet  of  nujmals  h'ads  to  changes  in  tk*  n*l^ 
tive  dimcnnions  of  their  intestinal  eamds.  Thus,  the  aUmeutary  tukof 
the  wild  boar  is  shorter  than  thiit  of  the  domestic  hog,  since  its  habit  in* 
state  of  nattire  is  more  carnivtirous  than  in  tlomestication.  The  (i«Dn^ 
ticated  eat,  living  on  a  mixed  diet,  has  an  intestinwl  tube  which  is  longer 
than  the  cat  in  a  state  of  nature,  and  the  same  difference  also  appht^  t** 
the  domestic  ox  as  contrasted  with  the  luitlalo. 

The  relative  ca|mcity  of  tbe  alimentary  canal  is  even  more  strictlv 
delinable  in  different  species  according  to  their  alimentation.  Tlie  licrbiV' 
ora  always  have  a  greater  capacity  of  intestinal  tube  than  tbe  earnivoi** 
In  all  cases  tlie  volume  of  the  stumiieh  is  in  inverse  proportion  to  tliat of 
the  capacity  of  tbe  intestine.  Thus,  in  the  Imrse  the  stomach  is  cajwil'^' 
of  containing  from  about  sixteen  to  eighteen  litres,  while  the  capcilyf^f 
the  horse's  intestine  varies  from  one  hundred  and  twenty-five  to  thw« 
hundred  btres.  In  the  ox  tbe  stomach  contains  two  hunrlred  litres, tlic 
intestine  one  huuilred  litres.  Tbe  value  of  these  diderenees  wiU  ^«  I 
studied  later.     They  serve  simply  to  indicate  the  immense  ex[»anstiaj 
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the  alimentaiy  eaiuil  ot  the  herbivora.  The  extent  of  siirfaee  for  absorfv 
tion  in  tlie  intestinal  tube  is  still  further  increased  by  the  formation  of 
[iliciB,  or  folds  of  mucous  mombraut%  aud  from  what  ban  been  mal  a)>ove 
we  would  natundly  expert  that  thene  iire  more  extensive  iuul  more  highly 
developed  in  the  herbivora  than  in  the  earnivora.  This  is  well  exem- 
plified in  the  case  of  the  ox,  whose  stomneli,  wiiieli  m  eapalile  of  eontain* 
ing  two  hundred  litres,  hat*  only  two  wipmre  meters  of  external  surface^ 
and  yet  whose  internal  mueons  surface  amounts  to  nine  sqnare  meters. 
Such  an  immense  increase  of  intenml  over  external  surface  eoulcl  onlj* 
be  accomplished  by  the  throwing  up  of  the  mucous  membrane  into  folds. 
In  the  intestine,  again,  which  is  capable  of  holding  about  seventy -five 
litres^  the  square  surface  externally  amounts  to  fifteen  or  sixteen  meters, 
showing,  therefore,  that  in  the  ox  the  mucous  coating  of  the  intestine 

in  more  simple. 

The  carnivora  are  distinguished   by  a  large,  voluminous   stomach, 

eoated  throughout  with  a  secreting  mucous  membrane,  and  the  intestine 


FfO.  78.— €-«cUlf  OF  A  Poo.  INFLATED,    {Stranffewaif*.} 

iaaimple  and  deprived  of  folds.  With  the  exception  of  the  cetacea  and 
« few  edentata,  the  subdivision  into  a  small  and  large  intestine  prevails 
tljrou^hout  the  entire  group  of  mammals.  The  greater  t!ie  length  of 
the  small  intestine,  the  more  in  it  convoluted.  Villi  are  always  absent 
from  the  large  intestine.  A  well-marked  ileo-etecal  valve,  with  but  few 
exceptions,  is  situated  at  the  junction  of  the  small  and  large  intestines. 

At  this  point,  also,  is  almost  invariably  found  a  diverticulum, 
exiled  the  caecum,  which  varies  very  greatly  iu  size  and  functional  inipor- 
tAiHv  in  different  animals,  these  diHV^reuees  also  l>eing  dependent  upon 
difTerences  in  regimen.  In  the  carnivora  the  caecum  is  only  a  spiral 
-ifi|>eudix,  fis  seen  in  the  dog  (Fig.  78),  anil  the  large  itifestine  is  divideil 
(le  ascending,  tninsverse,  and  descending  portions,  as  in 


Fio, 79.— <\«rrM  and  (Jkkat  tViLtix  ay  IhiRHK.    {Uttiuttfrtvay*,) 

oonm  of  tbs  fcmd  ittiroitjrit  th«  colrtn. 


yalves  anrl  fj^Iamlw,  iiiid  in  the   hoise  may  rontain  six  gallons  of  flm<t. 
being  three  times  jts  large  as  the  f^tomaeli.     In   tht*  solipede  and  rodent 
the  cteciiin  therefore  reache?^  its  hij^jhest  «tnj?e  of  developmerit,  and  ha*  ] 
speeial  digestive  functions  to  fnifill     In  the  ox,  whose  small  int^'stine 
ditTerH  but  little  from  that  of  the  Lorsc^  although  it  is  smaller  in  calibre 
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and  twice  as  long»  from  tlie  (Viet  tbut  the  increased  complexit}*  of  tbe 
stomach  foniishes  the  necensury  ditferences  fi>r  the  diy:esting  of  the 
footl  tiie  ea?cum  is  smooth  uiKl  devoid  of  longitmliusd.  and  transverse 
bands  (Fig.  80).  Its  free  extremity  is  bhint,  rounded,  and  directed  bai-k- 
mrd,  and  flcmts  free  in  the  abdomen,  wliile  its  other  extremity,  having 
Hbelved  the  insertion  of  tlie  ileum,  is  eontiniiouH  with  tlie  colon,  which 
also  is  free  from  bands,  and  soon  beeomeJi  oonstricted,  and  then,  preserv- 
ing alKmt  the  same  diameter  throughout,  is  arranged  in  an  elliptical 
coil  between  the  tijkLs  of  the  mesentery.  In  tiie  ox  there  is  no  distinction 
between  the  great  and  floating  colon ^  as  in  the  horse.  The  total  length  of 
tbe  large  intestine  in  the  ox,  from  the  eaxnim  to  the  rectum,  is  about 
thirty-six  feet,  but  its  capacity  is  much  less  than  in  the  horse. 

Further  details  as  to  the  functions  and  structure  of  the  different 
its  of  the  alimentar}'  canal  in  the  various  domestic  animals  will  be 


Fie.  IQ,  Cmct^m  ASfD  Oiitciix  OF  t'oLON  ity  AN  t>x,  Inflatkd.    (iitranffeu^f/M.} 

A,  IwrmiDAl  pnrtiiiQ  orih*  Jleuai  ;  B,  cmcami  C^  uriirii'D  of  nolon, 

P'^en  (luring  the  consideration  of  the  subject  of  digestion.  So  far  the 
•'ifoi  tms  been  merely  to  indicate,  in  a  general  way,  the  adaptability  of 
^be  tligestive  organs  to  the  character  of  the  food, 

Tlie  folloming  tables,  compiled  by  Colin,  represent  the  different 
''<^ni|«imtive  dimensions  and  capacities  of  ditferent  parts  of  tbe  ali- 
'"iPTiUry  canal  in  the  domestic  animals.    They  otler  confirmation  of  the 

■*t«t€nient  already  made  that  the  functional  activity  of  the  stomach  nnd 
%eative  tul>e  being  in  inverse  ratio,  in  tliose  Insrbivoni  with  capacious, 
pftmjilex  stomachs  the  intestinal  ttdie  will  olways  he  less  developed  than 
in  tlje  monogastric  herbivora,  where  the  role  of  the  stomach  in  digestion 
is  seeondary  to  tl»at  of  the  intestine. 
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LEHaTH   OF  DeFFEBEKT  POKTIOKS  OF    THE    IjfTEiTIIfB  COMFABED  WrTB    T«A* 

Of  THIS  Body; 

Ahutal. 

Pmrte  of  Intestine. 

J 

a 

1 

ji 

Heme,   . 

SiiiJill  intestitie, 

FiEtNi  colon, 
Floating  oolon, 
Totftl  length, 

0.75 
004 

on 

0.10 

LOO 

22  44 

1.00 
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29.91 
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0.81 
2.91 
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22.07 

3LdO 
L28 
4.00 
344 

40.32 

j 

,     I;  12 

AM.        -         . 

Bma>]\  intis«tine, 

Fixed  colon. 
Floating  colon, 
Total  length, 

0,67 
0.06 
0.17 

0.10 

LOO 

12.00 
1.02 
3.00 
I^ 

17J7 

hu 

Mulo,    •        . 

Bmall  mte^Lind, 

Fix^  lxjIoo, 
Fioatitig  colon, 
ToUl  leogtfe, 

0.70 
0.05 
0J3 
OJS 
LOO 

ia.5e 

L21 
3,50   1 

26M 

t^u 

Ok.       .       , 

Cobn,    , 

Total  length, 

081 
0.02 

0.17 
1.00 

4S.00 

0.88 

10.18 

5756 

41.00 
0.78 
9.^ 

51.1® 

51.00 

LOO 

ILOO 

63.00 

LSO 

Dromedary,  . 

f^mall  LutoiUne, 
Cbrum, . 
Colon.   . 

Total  kngth, 

0.63 
0.01 
0.36 

LOO 

3L20 

0.40 

17.72 

40.32 

1:15 

Sheep  and  Go»t, 

Small  intentlne, 
CiBciiin, . 
Colon,   . 

Total  bnglh. 

i      0.80 
0.01 
0.19 
LOO 

26.20 
0  36   1 
6,17 

32,73 

15.32   , 

0.21 

410 
19.63 

33.00 
0.4a 
8.4S 

4L94 

L27 

Hog,      .        . 

Small  intestine, 
Ciecum, . 
Colon,    . 

Total  length. 

0.78 
0.01 
0.21 

Xoo  , 

18.20   1 

0.23 

4.99 
B.51 

14.79 
0.20 
4.32 

19:31 

20.14 
0.25 
5.55 

25  94 

Ll* 

Dog,      ,        , 

Small  intosline,      , 
C«cam, , 
Colon,    , 

Total  length, 

0.S5 
0.02 
0.13 
LOO 

0.83 
0.17 
1.00 

4.14 
0.08 
0.BO  1 
"4:82 

2.00 
0.03 
0.23   1 

2.26 

6.10 
0.16 
1.05 
7.31 

L6 

Cat.       .        . 

Small  int**stine,      , 

Large  intestine,     . 

Total  length, . 

L72 

0.35 
2.07 

L27 
0.30 

X67 

3.30 
0,50 
1.41 
5il 

L04 
0.40 
2.34 

0,76 
1.86 
6j^| 

L4 

Rftbbil, .       . 

Small  intestine,      . 
CflBcum, , 
Colon,    . 

Total  length,  , 

0.61 

,      OJl 

0.28 

LOO 

3.56 
0,61 
1.65 
6:82 

hlO 
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AnoLUTE  AND   Relative  Capacity  of  the  Stomach  and  Intestine  of 
THE  Domestic  Animals. 


ATI3LLL. 


Emk, 


Oi.. 


BrraSfedary, 


^ii«;p  and  Goat, 


Hog, 


Puts  of  Intettizt& 


Stomach,  .        .        .        . 

Small  LDiestme, 

0»CI1B],      .  .  .  . 

Fried  colon. 

Floating  colon  and  rectom, 

Total  capacity, , 


dtomach,  .         ,        .         . 

Ceecum,     . 

Fixed  colon. 

Floating  coloa  %nd  rectum, 

Total  c»pftcit  j, . 


Small  LiiUeiiae, 

Caecum,     . 

Colon  and  rectum,     , 

Total  capacity, . 


^at. 


Stomacb,  . 
Small  iute^tiDS, 
Csecum,     . 
Colon, 

Total  capacity. 

Humt^n,     . 

Riaiculum, 

Many|liefl, 

Abomiieum, 

Smaill  int4?atme, 

CaH:um, 

Colon  and  rectum, 

Total  capacity. 

Stoma<^l),   . 
I  Small  intestine, 
I  Ca?oum, 
'  Colon  and  rectum, 

Total  capacity, 

j  Stnnmcb,   . 

I  Sm,ill  iii!f*ptine, 

!  Lurgf;  mieftt;ine, 

I  Total  capacity. 


Katia 


0.085 
0.302 
0.159 
0.38i 
0.070 

i.ooo 

"O.O07~ 
0.229 
0.201 
0.3^7 
0.07*3 

1.000 

0.708 
OAm 
0.028 
0.079 

1.000 


Do. 


'8. 


Stotniich,  . 
I  M^uiull  lutestino. 

CiT^cum,  . 
'  t^olon  and  recta  in, 

Total  capacity, 


0.810 
0.131 
O.OU 

urns 

1,00«J 
U,n29 

Oj):iO 
UJ>7r) 
0.1>(U 
0.ui>:; 
0.1 0-i 

ixm 

0.292 
0.335 
0.056 
0.317 

1.000 

0.095 
0.140 
0.159 

1.000 

0.(123 
0.233 
0.013 
0.131 

1.000 


Mean  la 
Lltra& 


17.96 

33.54 

BIM 

J4.77 

211.34 

"loToo' 

24.00 

21,00 

41.50 

__8.00 

104.50 


252.50 
00.00 

356.10 

"ii^.oo" 

3n.50 

3.40 

U.tiO 

302-50 

'  2:i40~ 
2.t>0 
OW 

3  m 

D.OO 
l.(X) 
4.«'.0 

41.20 

s.oo 

i>.20 

1.55 

_S70 

27.45 

0.341 
0.114 
0.124 

0.579 

~  4.33 
1 .62 
0.09 
0.91 

~6.95 


Mtnimiim 


10.00 

16.20 

55.00 

J,0.t)0 

129.50 


215.00 

H.80 
2<i.00 

305.80 


Maximum 
tnUtrei. 


37.50 
la'^.OU 

I2i*.00 
19.00 

357.50 


29CJ.O0 
7*i.CK) 
ILOO 

_3<.L0a 

407.00 


7.50 
8.60 
1 .50 
6.10 

23.70 

0.287 
0.095 
0.118 

0.500 

"~0.r>5~ 
0.25 
0.01 
0.07 

0.98 


8.50 

9.^0 

1.60 

H.30 

31.20 

o  :-;78 
0.127 
0.130 

0.635 

8.00 " 
3.00 
020 
2.20 

13.40 


15 
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FHySIOLOOy  of  the  POiTESTIC  AOTMALS. 


UaifPARISON    OF  TITE   GASTEO-HrrESTIKAL    MuCOUS    SailPACES    WITH    THAT   Of 

THE  SKIlf, 


ASJMAU 


Horsfi, 


Orsan. 


8niAU  iQta«ttne, 
Flofitinfociloa,. 


Partial 

8utfftG« 

tn  HqiiAM 

Melem 


Total  ,,j..^  betwwn  J^Jilti 
fturf^^e  ""^ll^^  B„rr»^  I  «^^  ^^^ 
ftniiSLMi    Hquare    Kt««.*,-K    t"ii*t*n*l 


Ox. 


Rumen.  , 
RoticulHra. 
Mjuiyplitis, 
AbotuAsum, 
Small  it)tt»gtme, 

Colon, 


Hog. 


Small  intaatmt, 
Osecura,     . 
Colun, 


BGg. 


Stomach,  . 
Small  intwtme, 

ColoQ, 


Cat, 


SEojM»<?b,  . 
^^mall  Lu tenting, 
I  Large  mieatin^), 


0.40 
4.39 
1.50 
4.29 

La? 


2.00 
0,43 
5.56 
1.18 
6.60 
QM 
2M 


0.18 
1.66 
O.U 
0J3 


0,12 

0,32 

ooa5 

0.06 


0.07 
0.02 


14-95 


6.50 


17.^ 


2.S1 


0.52 


0J2 


5.80 


0.S8 


0.21 


1 :  29  J7 


I :  T.ei 


um 


1:2.57 


lasjs 


l:$M 


I  ;  4.16 


1:0.1» 


IrQH 


n.    PEEHBNSION   OF  FOOD. 

1,  PftKnE^fsiON  OF  Solids. — ^By  the  term  preheiiBion  of  food  is  me««i 
tie  different  methotls  employed  hy  animnh  in  seizin*^  their  food  and 
cotivejing  it  to  the  oral  iii>eittire  of  their  nliinentary  canal.  Mimy  R(\mt^ 
unimals^  whose  food  eonaists  of  smnil  jmrticles  diffused  through  wnter, 
are  supplied  with  tin  ^ppnratns  for  pratlueing  enrrents  so  as  to  hmi 
such  substances  within  their  reach.  This  is  especially'  true  in  tlie  em 
of  flxL»d  forms  of  life  which  are  unable  to  go  in  search  of  their  fooil. 
Thus,  the  spono:e  and  sea-mat,  and  various  other  of  the  lower  fortm^  of 
life,  obtain  their  nourishment  by  the  production  of  currents  in  the  wnleT 
through  the  vibration  of  cilia  lininsi  or  sniToundinfr  the 
alimentar}'  canal.      In   infusoria,   also,  we   find   si"' 
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eUber  in  the  form  of  cilia  or  even  in  tentacles.     In  the  lowIy-orji;anized 

rliizoiKxls  and  ama^ba?,  tlieir  soil,  jelly *Hke  l>odj  is  simply  ap[*lietl  to 

the  food,  which  tiren  and  tliere  enters  their  body  substiinoc.      Tlie  most 

.inarked  illuijtration  of  the  mode  of  seizing  food  by  means  of  prehensile 

ntacle^  is  found  in  the  case  of  the  hydra  or  polyp, — ^amall  orf^anisma 

bt)S4'  bodies  iire  not  nsiiidly  longer  tlian  one  centimeter,  and  wljieb,  as 

rtremly  flescribed,  are  snppliecl  with  a  single  bod}*  cavity,  around  the 

flirHgleoiwiiiiig  of  which  are  lonu:,  slender,  retractile  tentacles,  tliemselves 

oflen  provided  with  cilia,  and  which  are  capable  of  graspiiitr  sinjill  snb- 

iUuQi-s  which   may  serve  as   tlieir  f^jod   and   conveying  them  to   their 

iligative  «AC ;  the  adhesive  power  of  these  tentacles  is  increased  b^*  a 

nam^ier  of  niinnte   spiral  filaments,   the    so-called   **urticating  cysts," 

vbiili  by  **onie  observers  are  su]>pu«e*l   to  be  olfensive  weapons,  and  are 

uied  to  j^mralyze  the  small  organisms  that  serve  as  their  food.     The  jelly- 

flsli  fimiishes  another  example  of  a  similar  metliod   of  seizing   food, 

t  These  [>rehent^ile  tentacles  may  be  few  and  simijle,  as  in  the  h3'dra;  very 

(.numerous,  as  in  the  sea-anemone;  and  ofteu  of  great  length  and  irregular 

brm,  as  in  the  medusae. 

Bivalve  mollusks,  like  the  oyster  and  the  clam,  employ  the  vibration 
'cilia  for  creating  currents  to  tiring  tlie  nntritive  matters  snspei^dcd  in 
'ater  wiihin  their  reach,  W lien  the  food  is  solid  iiermaticnt  prehensile 
us  are  usually  present,  though  they  may  be  extemporized,  as  in  the 
of  the  amadia,  where  any  portion  of  the  Innly  surface  which  is 
^itlentaily  in  contact  with  (Vjod  niay  serve  ms  a  prehensile  organ  to 
timw  matter  into  the  interior  of  its  body.  In  a  higher  stage  of  develop- 
iJieHt,  wt*  find  tliat  tentacles  ure  absent,  but  tliat  their  fnncti^ui  is  assnmc^l 
l^r  flt'xible  portions  of  their  iMwly^  commonly  called  arms,  which  are 
proviiietl  with  a  number  of  minute  adliesive  organs,  which  serve  to  seize 
ilieir  fooil,  and  whose  flexil>ility  enables  them  to  convey  it  to  their  oral 
fi|»ertiire.  This  form  of  prehension  of  food  is  seen  in  the  stnr-fish.  In 
tbctttm-urchin  a  considerable  advance  is  seen  in  the  method  of  iirehension 
ff  food.  The  mouth  itself  is  there  the  prchensive  organ,  and  is  ]>rov!ded 
*ita  live  sharp  teeth,  each  standing  in  a  single  jaw,  and  eapal>le  of  lieing 
projected  so  as  to  seize  as  well  as  masticate  t!ie  prey.  Univahe  mollusks, 
^ncb  ag  the  snail,  have  again  another  organ,  the  tongue  serving  as  an 
org»Ji  of  prefiension.  In  this  case  the  tongue  is  long  and  covered  with 
mmute  recurved  teeth  or  sjiinc!^,  by  which  the  food  is  seized  and  drawn 
"Hu  tilt  mouth,  the  ri|»per  pnrt  of  wiiich  is  armed  with  a  sharp,  horny 
l**t«.  In  the  cuttle-lish,  again,  the  organs  of  prehension  of  food  have 
^'Ivnnced  still  further  in  their  develu|>ment.  The  tongue  is  still  present 
'"^prdieaHile  organ;  the  jaws,  represented  by  a  pair  of  hard  man^libles 
l»s»?  tlitj  \)t%k  of  the  parrot,  and  working  vertically;  and  in  addition  to 
these  several    powerfnl    prehensile   tentacles,  provided   with    powerful 
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BnckerSf  or  adiiesive  organs,  which  serve  to  grasp  its  food  and  to  bring 
it  within  the  moutlu 

In  the  artioultttes,  in  Rcklition  to  the  snetorial  contrivance  nirpady 

mentioned,  innumerable  modificiitiona  of  tbt;  mouth  sire  seen,  thiit  lieing 
the  or^an  which  in  this  group  constitutes  the  mnin  prehensile  orgaOt  ^ 
TOodideations  corresponding  to  the  character  of  the  food ;  tlius,  the  t^artli- 
worm  has  a  muscular  upper  lip,  b}^  which  it  secures  the  earth  which  e«>ii- 
taiiis  its  food,  and  which  series  to  bring  it  within  the  mouth.     In  otbi*r 
worms,  figarn,  the  gullet  is  so  constructed  that  it  eim  1h?  turned  inside 
out  to  forni  a  proboecis  for  seizing  prey.     In  such  hisbinces  it  ii*  nearly 
invariably  supplied  with  horny  teeth*     Millipedes  sind  c^iterpilljirs  have 
powerful  horny  jaws,  working  horixoutatly,  while  the  centii>e<k'S  hfite  fl 
second  pair,  which  are  really  modi'' ■       cet,  terminating  incurred  fange 
containing  a  poison-duct,     lu  the  i         the  legs  and  ft^t^t  serve  not  only 
for  progression,  but  also  for  the  masticatlou  of  food,  as  is  jiko  the  mhe 
in  the  lobster,  whei-e  the  seventh  pair  of  feet  are  enormouslv  develofjfd 
and  furnishcil  with  powerful,  crushing  pinchers,  those  on  one  side  of  Hi«? 
body  being  smooth,  the  other  knobljed.     Scorpions  have,  again,  a  sna^H 
pair  of  claws  for  prehension  of  food,  and  a  smaller  pair  of  furcejM  for 
holding  the  food  in  contact  with  the  mouth.     In  tlie  spider  tlie  dawn  are 
wanting,  and  the  forceps  ends  in  a  fimg  or  hook,  which  is  |>erforatfi*l  to 
eonvey  venom.    Biting  insects,  such  as  the  Ijeetle,  have  distinct  hiiceal 
api>endagcs,  consisting  of  two  pairs  of  horny  jsiws,  which  open  oncalmve. 
the  other  below,  the  oral  aperture;   the  upper  are  called  mandibles  or 
pinchers,  the  b>wer  the  maxillae,  which  support  the  palpi.     The  former 
are  armed  with  sharp  teeth.     The  maxilhe  are  similar,  but  smaller,  arifl  in 
some  insects  have  appendages  which  are  called  palpi  or  feelers,  whicb  not 
only  select  but  hold  the  food  steady  while  it  is  crushed  by  the  mimdiMt^ 
and  maxilhe,     Sncli   appendages   represent  a   free  pair  of  ja«^s.    All 
invertebmtes  move  their  jaws  horizontally. 

In  all  vertebrates  the  jaws  move  vertically,  and  are  in  many  iiiststnc^ 
the  main  or  sole  organ  for  the  prehension  of  food.  In  lUhes  the  juwsRJf* 
always  prehensile  and  often  provided  with  teeth,  which,  being  sharp  *n<J 
curved  inward,  are  prehensile  organs  ;  where  teeth  are  absent,  jis  in  t^^ 
sturgeon,  the  food  is  drawn  in  by  stiction.  The  hog-fish  has  nsm^^ 
tooth,  which  it  plunges  into  its  prey  and  then  bores  a  hole  with  it^  'i*^^- 
like  tougiie.     The  fins  or  tongues  of  fish  are  not  prehensile, 

la  reptiles  the  jaws,  teeth,  or  tongues  may  serve  as  jirehensile  orp^^^ 
while  in  reptiles  pix^hensile  lips  arc  never  present.     Thus,  the  tiirtklia* 
a  mouth  provided  with  horny  jaws,  the  crocodile  sharp,  curved  teetli,a»'^ 
the  frog,  toad,  and  chameleon,  glutinous  tongues  for  seizing  their 
In  chelonians  the  jaws  are  horn}',  and  are  supplied  with  small  teetl 
ophidians ;  in  the  larger  saurian  s  the  teeth  are  powerftQ^  while  they 
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delicate  and  complex  in  the  insectivorous  species.     Serpents  crush  their 
prey  in  their  coils  Ijcfore  swallowinif  it. 

All  birilh  use  tlu-ir  toothless  lieriks  in  procuring  food.  Birds  of  prey 
also  seize  with  their  eluws^  while  certain  lnrdfl,such  ii»  parrots  and  wood- 
l seekers,  also  emph>y  tijeir  bctilis  as  urehcfisilc  organs.  The  benk  in  birds 
varies  in  shape  according  to  their  food.  Thus,  it  is  short  aud  slron^  in 
g^raniverous  birds;  long  and  slender  in  insectivorous  birds.  In  birds 
which  catch  their  jirey  on  the  wing,  as  the  swallows,  it  is  short  and 
gaping ;  strong  and  curved  in  birds  of  [nx^y  w  hicb  tear  their  food  ;  long^ 
conical,  and  of  great  strength  in  lM>rer?^,Hy  in  the  wnodpccker  ;  shurt  and 
curved  in  the  parrot  tribe  to  enable  them  to  crush  nuts;  delieate  and 
tapering  in  hummingdjinis  to  alluw  Ihein  to  penetrate  the  eondlas  of 
flowers;  Jong,  strong, and  pointed  in  rnont  tiwh-eaters^as  the  heron,  stork, 
and  kiiig-tisher  ;  shovel-shaped  in  niiiny  aqnatie  birds,  sneli  as  the  duek 
and  goose;  or  it  may  Ik?  fashioned  Ut  hohl  fisli,  as  in  the  pelican,  allwitross, 
penguins,  etc.  In  the  crossdiills  the  mandibles  when  closed  overhip, — 
a  conformation  which  enables  tlieni  to  extract  the  seeds  fnun  fir-eones. 
Finall\ ,  in  the  young  iiigeon,  whieh  feeils  by  |>l!icing  its  bill  in  the  month 
of  t!ie  mother-bird^  the  lower  nmmlible  in  elongated  and  boat-shaped, and 
of  greater  size  than  the  uivper,  Jlence,  it  acts  as  a  spoon,  and  becomes 
relatively  smaller  as  the  pigeon  grows.  In  parrots  and  woodpeckers  the 
lougne  is  also  prehensile. 

The  tongue  in  bints  and  reptiles,  liesides  being  the  seat  of  the  sense 
of  ta^te  and  .'in  organ  of  deglutition,  is  often  tlie  sole  organ  for  the  pre- 
k'usion  of  food,  the  mechanisms  concerned  in  this  openition,  that  is,  the 
extension  and  retraction  of  the  tongue,  ditfering  in  birds ^  ret>tiles,  and 
nnmunals.  In  binls  the  forward  and  backward  movements  of  the  tongue 
ili'i>eii(l  ujxjn  the  muscles  wdiieh  move  the  hyoid  bone.  The  horns  of  this 
itone  in  l»irds  are  arched  and  extend  up  behind  the  occiput,  and  give 
atUchment  to  a  muscle  which  is  wrapped  around  them,  and  is  then  in- 
serted in  the  inferior  and  posterior  surfaces  of  the  rami  of  the  lower  jaw. 
flim  muscle,  which  is  termed  the  come  jiiuHcle  of  the  hyoid  bone  (Vicq 
tt'Azyr),  by  its  contraction  advances  the  tongue  by  bending  the  arches 
<^f  the  hyoid  bone,  iit  the  same  time  drawing  them  forward,  lletraction 
<it  i\ie  tongue  is  accomplishetl  by  the  recoil  of  the  elasticity  of  the 
^oi^l  arches,  when  these  muscles  relax,  aided  by  the  8erpo-ht/oid  muscles 
(Diivertioy).  These  arches  are  much  larger  in  the  woodpeckers  than  in 
othtT  birds. 

The  mechanism  of  movement  of  the  tongue  in  reptiles  is  much  more 
complieateil,  and  di Iters  somewljat  in  the  four  orders  of  this  class.  In 
i^pnenij  it  may  l^e  said  tiu'  movements  of  the  tongue  in  rejitiles  depend 
on  tile  two  principal  means  em[>loycd  separately  in  birds  and  mamrai^ 
tkt  is,  the  intrinsic  muscles  of  the  tongue  and  the  hyoid  mu 


In  the  chelonians  the  hyoid  cartilage  is  of  varlaltle  shape,  but  la  tbe 
main  resciublea  somewhat  the  hyoid  Ixjnc  of  the  bird,  and  is  mo%^ed  by  a 
momewhat  simihir  mecliauisin,  exce]Jting  that  the  t'onie-h^'oid  muscles  are 
not  wra|if>ed  around  the  hyoid  ait-htia.  The  tongue  in  thb  species  h 
mufeciilar  and  glandular^  but  not  extensible. 

In  the  aauriatis  (especially  in  tlie  eruc^jdileR)  the  tongue  resetnbles 
that  of  tiie  chelonians  in  its  slight  degree  of  mobility,  and  the  hyoid 
bone  ha!^  a  somewhat  simihir  shape.  In  some  snurians  the  tongue  is 
glandular,  in  others  very  nmsvubr  and  quiti?  extensible. 

Most  of  the  Qp^iuiiauB  have  the  tongue  hitlden  in  a  sac,  non-gkndn- 
lar,  and  composed  of  the  union  of  two  muscular  cylinders  which  become 
separate  at  the  tip,  forminf:  the  weUdcriown  forked  tongue  of  BtTf*erjt 5- 
The  tongue  is  proportionately  long  and  extends  some  distance  dtirn 
!*eneath  the  tracliea.  The  posterior  extremity  of  the  sac  terminates  in 
two  curti lag! nous  plates,  which  unite  anteriorly  and  constitute  tfie  hvoi^l 
arch.  By  means  of  muscles  which  originatt*  from  the  lower  jaw  and  flwt 
ribs,  and  which  are  inserted  in  the  hyoid  arcli,  the  tongue  la  £Strtld« 
from  the  moutli. 

The  tongue  of  the  hatrachians^viiih  the  exception  of  the  sahi man fkrSi 
differi§  greatly  from  tlmt  of  other  reptiles.  Us  anterior  extremit}'  li 
convex  and  is  fixed  to  tlic  arch  of  the  ohm,  while  its  i>osterior  cxtremttj 
is  free.  To  be  extended  from  tlie  mouth  it  must  l>e  reversed,  and  it  t* 
the  [)osterior  tip  which  is  extriideil,  wUile  it  is  wtthdmwn  by  a  reverml 
of  tbis  motion.  Tbeee  movements  are  acconiplishe^l  by  tUe  cruitrm'tion 
of  the  {fenifMfhssuH  aud  hijo^jlomuE  muscles, — the  only  ones  which  hn^ 
any  connection  with  tlie  tongue. 

In  quadrupeds,  although  in  some  cases  we  find  a  special  contriviutM 
for  the  seizing  of  food,  as  in  the  trunk  of  the  elephant^  the  snout  of  li» 
taptr,  the  long  tongue  of  the  giratfe,  aud  the  extensible,  viscid  toDp« 
of  the  aut-eatcr,  the  teeth  are  the  chief  organs  of  preliension,  aided  \^ 
the  lips  and,  in  some  eases,  the  tongue.  Such  animals  as  mav  starf 
erect  on  their  hind  legs,  as  the  squirrel,  Ijcar,  and  kangaroo,  nse  tWr 
fore  legs  for  holding  food  and  hriuging  it  to  the  month,  but  nerer  Hit 
one  of  them  alone.  Clawed  animals  make  use  of  their  fuet  in  securing 
prey,  !uit  the  food  is  conveyed  to  tlie  month  by  movements  of  the  h^ 
and  jawj^.  In  the  rhinoceros  the  upper  lip  is  prolonged  into  a  frngerJikt 
point,  whicb  in  these  animals,  a®  well  ae  in  the  dromedary,  is  tbc  j»na^ 
cipal  organ  of  prehension  of  food. 

In  man  aud  monkeys  the  distinguishing  prehensile  organs  Bti 
found  in  the  hand,  and  we  find  that  tlie  first  ofKce  that  the  hand  instiut*- 
ively  performs  in  botli  species  is  to  carry  f«x>d  to  the  mouth, 

Tlierefore,  aeconling  to  the  mode  of  life  for  which  an  anirosl  btf 
been  formed,  we  obaerTe  a  variety  Id  the  arrangement  of  parts  destme^tt 
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fitber  food.  In  the  higher  animals  wc  find  preliensilo  organs  represented 
in  lower  animals  b}'  special  organs  which  in  diil'erent  f^pceius  form  a 
iingle  t^pe  of  prehensile  organ.  Thus;  in  lower  forms  of  lite  we  have 
t^Riacles,  or  the  lip  may  serve  as  tlie  chief  organ  of  preliension,  or  the 
longtie  or  the  jaws ;  while  in  the  higher  nmmnials  we  find  all  these 
org:ms  together  serving  the  purpose  of  conveying  food  to  the  niimUi. 

In  the  latter^  which  are  of  the  same  prehensile  tj'pe  jus  innu,  the 
melius  and  ulna  are  isohited  ami  movable,  one  on  tlie  *dUer,  and  tliere 
are  distinct  lingers,  nails,  or  claws,  as  in  numkeys,  enrnivora*  and  nn>st 
n)dent8.  In  all  aniuiala  which  use  the  fore  limbs  as  prehensile  organs, 
tliis  separation  of  the  radiuji  and  nlna  is  invarinbly  to  be  found.  In 
the  large  mammals  the  anterior  limbs  are  only  for  sujiport,  and  snch 
mimfils  are  usually  herliivorous.  In  them  the  radius  constitutes  the 
priiid[tal  hone  of  the  forearm,  while  the  ulna  is  very  small  and  almost 
nlHiiys  fused  with  the  radius;  so  no  motion  between  the  two  is  ponsible. 
TliiTL'  tiTQ,  however,  numerous  exceptions  to  this,  and  in  aniniaU  whore 
il would  t>e  least  expected.  For  instance;  in  the  elephant  the  volume  of 
Ik  nlna  is  superior  to  that  of  the  radins»  and  its  carpal  extremity  is 
gn-nior  than  that  of  the  radius*  and  bf>th  are  distinct.  This  also  is  the 
case  in  tile  rhinoceros  ;  but  in  both  these  animals  the  motions  of  pro- 
nation and  supination  are  impossible.  Most  of  the  hcrbivora  have  a 
forejirm  terminating  in  one  or  tw^o  single  Fingers  or  phalanges  snrrounded 
l)Va  lioof,  and  in  these  the  radius  constitutes  tlie  main  or  sole  boue  of 
tlie  fore  extremit}'.  The  development  of  the  ulna  and  the  fingers  are  in 
ratio. 

In  the  domestic  animals  the  prehension  of  A>od  is  accomplish cd  by 
fliflferent  organs,  which  have  different  degrees  of  usefulness  and  develop- 
ment in  di  tie  rent  tyi>es.  In  the  dog  and  cat  the  fore  limbs  have  imle- 
pt'HflHit  radii  and  ulna*,  a  certain  amount  of  prtumtion  and  supitialion  is 
Pt»s«il>le,  and  they  indicate,  to  a  certain  extent,  tlie  [jreliensile  )mwer  of 
tliebrind  as  seen  in  man  and  monkeys.  Where,  as  in  the  herbivorous 
fiuaflruf>eds,  the  fore  limbs  are  destined  scdely  for  snjjport  and  prc»gression, 
«!onj;neek  and  peculiarly  shaped  head  favor  the  use  of  the  tongue,  lips, 
*tt*i  teetli,  wdneli  in  tbese  animals  are  the  sole  prehensile  organs.  The 
^^»W  and  lips  are  supplied  with  muscular  tissue  :  hence  the  jiowcr  of 
motion. 

lathe  horse  the  u|>j»er  lip  is  the  principal  organ  of  prehension. 
This  organ  is  supplied  witb  eirctdar  niuscnlar  fibres,  as  well  as  ele- 
tfttor  and  depressor  muscles,  the  elevator  being  especially  eflicient  in 
stifling  nod  elevating  the  upper  lip  so  as  to  grasp  food.  The  elevator 
^'  tho  npper  lip  terminates  in  a  broad  Y-shaped  tendon,  which  is  inserted 
^  *lje  free  part  of  the  npper  lip  (Fig.  81).  The  tongue  lias  extrinsic 
'•^  intrinsic  muscles,  which  favor  its  protrusion  and  enable  il  to  grasp 


^Q.  SI-ToxGOB  or  HORztE,    iOamgee., 


Fig.  83*— TowaUE  ov  Ox.     {GaniifeF,} 


"'It  wliich  are  i^iirroumkHl  by  a  cirrular  groove.  By  the  tiiHtrilmtion 
^f  these  papilla*  tint  tongue  of  the  horse  can  readily  lie  distiiiguislied 
from  that  of  tlie  ox, — a  point  of  some  conseqnenee,  siiH*e  horses*  tongues 
*re  sometimes  sold  in  the  iruirket  as  lieef4pn*^nes.  Tlie  tonfruij!  of  tlie 
ioree  is  long,  with  a  WiiU-marked  middle  depression,  or  raphe,  with  a 
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LroatU  flattened  8[>atula-slmpetl  tip.  At  either  sidu  of  tbe  middle  Hf 
lowiird  tijo  root  of  the  tongue  is  a  very  largo  compound  cireunnaliat 
papilla  (Figa.  ^2  and  83).     In  the  ox  the  tongue  is  pointed,  thicker,  and 


Fig.  84.— The  '•  Parkot-Mouth  **  Malformation  or  the  Horse*s  Morrm  {Gamgtt,] 

deeper^  ami  with  two  diverging  rows  of  papilht^  each  containing  from 
eleven  to  thirteen  pa[Hlliv,  at  the  ha«e  of  the  tongue. 

In  the  horse  the  sensitive  and  mobile  upper  lip  is  the  mnin  orgnnin 
the  col  lection  of  food.  The  nose,  aided  by  tlie  sense  of  touch,  serves  to 
indicate  tlie  substances  suitable  for  food;  the  uinx^r  lip  serves  to  carry  the 
food  between  the  incisor  teeth,  so  that  it  may  be  firmly  held,  while  Ity^n 

active  jerk  and  twist  inn  motion  of  the 

hcivd  the  grass  is  cut,  hay  puHeii  fp»ni 

the  rick,  or  branches  severed.     In  stiill- 

fed    nnimals  loose    food  is  taken  from 

the  manger  by  the  lips,  aided  by  the 

tongue.     If  the  incisor  teeth  are  Ittdly 

formed, as  in  the  projection  of  thenpi^cf 

incisor  teeth  over  the  lower,  as  in  tli« 

mal  fonna  tjon   termed  **  parrot-moutb,' 

grazing  will  be  prevented  (Fig.  84).  So 

also   swelling   of  the   gums  or  of  tlie 

palate,  as  in   dentition,  may  act  as  » 

mechanical  imjjediment  to  the  action  of 

the  inctsor  teeth  and  prevent  grazing 

(Fig.  85),     The   position   assumed  ^J 

the  grazing  horse  is  cliarncteristic.     The  fore  legs  are  separated,  on« 

fore  leg  usual ly  being  advanced,  or  may  be  Oexed,  since  the  neck  is  n(M 
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*ugh  to  reach  the  ground:  the  lips  then  cmTTj  the  g:rns3  between 
Iht  teeth,  A  horse  cannot  live  on  yery  bare  imsture,  since  the  grass  in  net 
l>e  lung  enough  to  he  grasped  by  his  prehensile  npper  Jip;  find  he  there- 
fore cannot  enter  into  competition  with  ehise-hitint;  nnininls,  ^urh  as 
ibeep,  since  tliey  will  deprive  a  field  of  the  best  and  youngest  plants  as 
Hut  as  they  come  through  the  gronnd. 

In  the  ox  the  tongue  is  the  mftin  organ  of  prehension  of  food,  since 
Ibe  upper  lip  la  short,  has  but  Blight  power  of  motion,  and  is  blended 
witb  ihe  cartilaginous,  solid  muzzle,  which  is  covered  by  a  thick,  secret- 
in;; uieinlirane.  The  tongue  of  the  ox  is,  however,  ]>rovided  with  great 
mnbile  |K)wer ;  it  may  project  fur  Irom  the  mouth,  and,  curving  like  a 
aiekle,  the  animal  niny  seize  and  dn\w  food  into  the  nioutb.  It  is  rf>ugh, 
poiuled, covered  with  recurved,  sharply -pt>inted  pnpilla*  so  as  to  strengthen 
its  ^Kp  on  bodies  with  which  it  conies  in  contact .  In  gmzing,  the 
tonjguc  is  protruded,  curved  around  the  grass,  which  is  tinis  drawn  into 
liie  month  and  then  cut  by  the  pressure  of  the  lowx-r  chisel-like  incisors 
ftgninst  the  elastic  pad  which  occu|ues  the  ]iosition  of  the  upper  incisors. 
The  ox  also  is  unable  to  Iced  on  very  short  grass. 

In  the  sheep  and  goat  Uie  upper  lip  has  a  certain  degree  of  mobile 
power,  more  than  thnt  possessed  by  the  ox,  but  not  us  grent  an  Ibut  of 
tb  liorse.  It,  however,  is  unable  to  gms|i  food,  and  merely  nids  the 
ilidsors  and  tongue  in  grazing.  The  tongue  is  also  more  freely  movu- 
^'le  timn  in  the  horse,  find  the  combination  of  the  nnd*ile  lip  und  prehen- 
sile tongue  eiuUjlcs  it  to  feed  close  to  the  ground.  Mere  also  the  uiiper 
tnoiaors  are  abuent,  and  grass  is  cut  by  the  pressure  of  the  lower  iucihors 
against  the  cartilaginous  elastic  pad  of  the  upper  jaw. 

The  pig  in  its  native  state  (ccds  by  rooting  out  plants,  roots,  and 
nnlsfrom  the  ground,  and  \»  provided  with  a  strong  and  mobile  snout^ 
leaving  a  bony  and  cartilaginous  basis,  and  moved  by  powerful  muscles. 
hjicU  like  a  spade  in  digging  up  the  ground,  wlule  the  lower  lip  is  short 
*iul  pointed,  and  iscnaltled  to  gather  food  loosened  by  the  digging  action 
of  the  anout.  The  passing  of  a  ring  through  the  snout  of  a  hog  entirely 
destroys  its  natural  methods  of  collecting  food,  and  aniniaW  so  treated 
^re  cli'pendent  u|>on  artificial  feeding,  and  if  left  to  their  own  etlbrts 
^^Hild  starve.  Tigs  are  omnivorous,  but  yet  their  incisor  teeth  arc  so 
^HK.'d  as  to  prevent  them  from  grazing. 

Carnivorous  animals,  such  as  the  tlog  and  cat,  feeding  principally  on 
nJtnt  and  an i mal  ma  ttc rs ,  fi  x  t  h ei  r  food  w i  t  h  t  h  e  fo rel egs ,  g ra s  p  i  1 1  re  t  w een 
tWiTpowerfid  jaws,  using  here  mainly  the  canine  teeth,  and  lacerate  it 
Kv  n  backward  jerk  of  the  head.  They  are  biting  animals,  and  as  a  con* 
Beqa**ii('e  their  cheeks  are  loose  and  ample,  their  mouths  open  widely^ 
w4  Ibeir  teeth  are  pointed  and  curved  back.  The  lower  jaw  only  is  used, 
i^'^  U  is  Kiid  that  when  the  lower  jaw  is   fixed   carnivorous   animals, 
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witli  the   single   doubtful   exception   of  tlie   dog,  are   unable   to   close 
the  mouth. 

%   Prkhenjsion  or  Liquids. — In  the  lower  forms  of  animal  life  pre- 
hension of  liijuid  is  aeconiplished   by  absorption  through  the  general 
external  boiiy  surface^  nnd  In  many  cases,  as,  for  instance,  in  the  lape- 
woTm,  where   neither   mouth   nur   stomach   are   present,  the   flalds  m 
nbsorVieil  eiirry  also  the  nutritive  matters  in  solution  into  its  interior. 
Many  other  animals  which  live  on  liquitl  food  are  |>roviderT  with  sjieeinl 
organs  for  absorption ;  thus^  in  the  leech  theru  is  a  mouth  ur  sucker, 
provided  with  miuute  teeth  for  piercing  the  skin  of  other  aninials,  while 
in  tlie  mosquito  there  is  a  shar{>,  bristle-like  tube  for  inereing  the  skin, 
and   in  tlie  louse  there  is  a  sharp  sucker,  armed   with  barbs  to  11%  it 
seciiToly  dnriiirf  the  act  of  sucking.     In  certain  insects  which  live  on 
viscid  or  ibild  (bod,  as  the  buttcHbcs  and  moths,  the  mandibuhr  apjiend- 
ages   are  mofliilied   from   their  uMual  form  described   in   the   preet^bg 
section,  and  take  on  the  tVjrm  of  a  long,  spiral  tube,  the  proboscis,  which 
call  l>e  unfolded  and  protruded  into  flowers,     A  suckiug  probosnas  ilio 
is  found  in  nifiuy  files  and  gnats.     In  fleas  and  Inigs  the  maudibli.^  nif 
penetrating  and  suctoriaL     lu  tlie  higher  animals  no  special  prelien!*ile 
organs  for  tlie  absoriition  of  liquids  ai'e  present,  it  being  accompli»h<fl 
by  means  of  the   apparatus  already  describe<l    for  the   [jrelienflioa  of 
solids.     Four  methods  for  the  prehension  of  liquids  have,  however,  been 
described  by  Colin : — 

a.   Suction,  as  in  the  drawing  of  niilk  by  young  animals, 

Ih  Pumping,  by  tl*e  immersion  of  the 'lips  and  the  piston^like  action 
of  the  tongue  within  the  month,  on  the  principle  of  the  common  pum(>. 

c.  Aspiration,  where  the  vacuum  is  produced  by  an  inspir&IOTy 
movement,  as  well  as  by  the  motion  of  the  tongue, 

d    By  lapping  or  ladling  tiie  fluid  by  the  tongue  into  the  iiioiitb. 

a.  SitcHon. — in  suckling,  the  teat  is  grasped  by  the  lips,  or,  it  ausv 
be,  even  by  the  teeth,  and  the  month  closed  around  it  The  tongue  ii 
then  pressed  against  the  teat  antl  withdrawn  into  the  mouth,  prmlucing* 
vacuum,  and  from  the  atmospheric  pressure  on  the  eKterior  of  tlie  hm^'^ 
the  milk  then  enters  the  mouth.  There  is,  tliereforc,  no  danger  of  milk 
entering  the  windpipe,  since  inspiration  is  not  at  nil  concerned  in  t^ 
process  of  suckling;  bence,  aquatic  animals,  like  the  cetaceans.  tn^J 
Buckle  untler  water.  In  solijiedes  and  ruminants,  during  suckling. tb« 
tip  of  the  tongue  is  often  fixed  between  the  teeth  and  the  nipple;  ttic 
vacuum  is  then  made  by  the  reduction  in  volume  of  the  anterior  jjartof 
the  tongue,  while  the  base  becomes  applied  to  the  roof  of  the  mouth. 

During  the  act  of  suckling,  the  stern o-thyroid  and  tbestemo-.eaiO't 
and  thyro-hyoid  muscles  contract  together,  and  so  depress  the  iarpi 
and  by  old  bone,  while  at  the  same  time  the  hjoid  bone  is  advanced  by 
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the  contraction  of  the  genio-liyoid  muscle,  the  root  of  the  tongue  being,  * 
therefore,  likewtBe  depressed  iiiul  drawn  forward.  At  the  same  time 
tlie  geuio-glossi  tnuseles,  eontractitijx  witli  tlieir  antagonists,  the  hyo- 
glossi,  have  the  eirei't  of  dniwing^  the  body  of  tlie  tongue  dirertly  Ijiick- 
ward,  wlule  the  organ  itself  beeomes  tinttened,  Tbe  eheek-muscltra  are 
entirely  inactive  in  tbe  act  of  suckling, 

b.  Pumping. — The  process  of  dn liking  by  means  of  [>umpiug  with 
the  tongue  is  em[iloyed  by  the  horse  and  ruminants  and  most  herbivora. 
The  lips  iire  immersed  below  tlie  surfiiee  of  the  water,  which  sekloni  or 
never  rises  above  the  k'vei  of  the  nose ;  a  small  space  is  opened  between 
the  lips,  and  the  tongnc  is  wttbdniwn  in  tbe  nnmtb  liy  a  meebanitsiu 
similar  to  that  empkiyed  in  snrkling  ;  tiie  tongue  tbus  acting  as  a  piston, 
the  pressure  of  the  atmosphere  on  the  water  without  serves  to  force  it 
HI  to  the  montb,  and  it  is  then  curried  by  a  motion  of  deglutition  to  the 
phiirynx  and  gullet. 

That  drinking  in  the  horse  is  not  due  to  tlie  production  of  a  vacuum 

in  tbe  month  by  inspiration  has  been  proved  by  performing  trfieheotomy 

on  a  horse,  when,  of  course,  the  prutlnetion  of  a  vaciuuu  by  inspire  Lion 

would  l>e  impossible,  and  yet  it  was  foniid  that  this  operation  did  not  in- 

tt»rfere  with  suction  and  drinking.     So  also  a  case  has  been  re[iorted  of  a 

borse  who  was  unable  to  drink,  in  whom,  <m  examination,  it  was  found 

that  a  second  molar  tooth  of  the  upjier  jaw  had  been  lost,  and  a  tlstulous 

tnict  led  throngk  to  the  nasal  cavity.     The  tongue,  therefore,  was  unable 

lo  profluce  a  vacuum,  even  when  tbe  nose  was  immersed  Itelow  the  surfttce 

of  the  water,  from  tbe  large  nasid  chamljcrs  and  pharyrix  being  in  direct 

conimimication  through  tbe  fistula  with  the  fore  part  of  the  moutlL    Jlere 

evidently  was  snIHcient  proof  of  the  fact  that  drinking  in  these  animals 

was  not  due  to  any  inspiratory  eflbrt.    In  the  case  reported,  [>lugging  the 

fistula  served  to  resti»re  the  prnvcr  of  drinking.    Even  without  this  proof, 

however,  the  anatomical  rehition  l>etween  the  moutli  and  pharynx  in  the 

horse  ift  stithcient  to  show  that  in  these  animals  hrejithing  cannot  occur 

tbrtnigh  the  mouth  in  driuking,  or  in  any  other  natural  action  of  the  or- 

gHns  aituatcd  in  the  oral  chamber ;  for  the  soft  palate  forms  a  complete 

[wrtition  between  the  mouth  and  tbe  throat,  and  can  only  be  elevated  to 

allow  tbe  jiassage  of  fluid  or  solids  backward  by  compression,  such  as 

llint  which  occurs  in  swallowing, 

'',  A *7>i ra t io n . — In  this  mi' t b od  o f  il r i n king  tbe  v ac n u r n  i s  p rod uc ed 
^tlie  respiratory  ai*pa  rat  us;  the  mouth,  then,  is  not  entirely  cbiscil,and 
i*'rigiilso  drawn  in,  the  w^ater  and  air  together  causing  a  rushing  sound, 
the  palate  is  raised,  and  both  the  air  and  water  enter  tbe  jiharynx, 
th(^  water  Ijeing  swallowed  with  a  part  of  tbe  air.  This  method  of 
driuking  is  jerky,  »ince  it  must  be  interrui>ted  for  respiration,  as  the 
nose  may  be  immersed  in  water;  and  although  it  has  been  said  to  occur 
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in  the  pig,  and  often  has  been  noticed  in  the  horse,  tbere  is  considemble  \ 

TQnMim  for  doiiLtiiig  that  this  m  ttver  a  iioriual  metLiDd  for  the  |)reht;ndan  ; 

of  liquids.  j 

*1    Lappituj, — This  method  of  the  prehension  of  Hqnids  is  seen  in  ' 

the  earnivoni,  us  in  the  dog  luid  eat;  Bifice  their  mouths  are  i'elativ«iy  j 
inneii  larger  tliiiii  the  hcrbivorH»  they  cannot  be  immerjied  in  water  ap  t^ 
tJie  eommissure  of  tlie  lij)s  wjthont  also  immersing  the  nose.  Such  ani- 
mrils,  thercrore,  s^poon  up  water  with  the  tons^ue,  like  takmg  water  to  the 
mouth  with  the  liand.  The  tongue  is  protruded,  its  tip  rendereil  cup- 
shaped  by  the  action  of  its  intrinsic  muscles,  and  a*  small  anuHHit  of 
Writer  lifted  up  and  carried  l>y  the  repeated  prutru&ion  and  retraetion  of 
the  tongue  to  the  mouth.  The  process  is  a  very  :^low  one,  and  is  seen 
only  in  carnivora. 

Tarious  other  auimals  have  different  modes  for  the  prehension 
of  liquids.  Thus,  in  the  elejjhant  the  trunk  is  a  combined  force-puiBp 
and  «iiction-pnmp*  The  trunk  being  imniersed  \n  water,  b}'  hmpiratoij 
efforts  it  is  llHed  with  fluid;  the  tip  Is  then  directed  toward  the  wioutli 
and  the  water  ii*  forced  through  it  into  tlie  mouth.  Birds  drink  hy 
ti  11  iug  their  lower  beak  with  water »  ele v at lug^  their  heads  and  allowing  tie 
watL*r  to  tlow  bauk  into  their  phurvnx  without  tiie  pfoduetfen  of  any 
motion  of  deglutition.  The  siu^^le  cxeeptiou  to  this  manner  of  drinkijig 
seen  in  the  birds  is  Lii  the  ease  of  doves  and  pigeons, 

ni.  MASTICATION. 

The  term  mastication  is  given  to  the  purely  mechanical  operationally 
which  the  alimentary  matters,  through  the  aetitui  of  jaws  furnished  witb 
teeth,  are  comminuted  in  the  mo  nth ,  and  is,  iu  most  animals,  a  ntH^i^sjirr 
preparation  fur  the  subiuissiou  of  food  to  the  action  of  the  gastric  juice. 
Its  import4ince  and  complcteuesa  differ  in  different  animals^  depentUo^ 
upon  the  nature  of  their  food,     Animak,  such  as  the  earnivom,  wMcli 
feed  on  readily  digestil>le  matters,  *lo  not  need  this  preliminary  preiuu^ 
tion^  and  as  a  couitequence  the  food  of  carnivora  ia  swallowed  in  bulk 
Without  having  been  subjected  to  any,  or,  at  tiest,  to  but  slight  divisioo 
iu  the  ntontlL     This  applies  also  to  all  animals  which  feed  on  liquid  oT 
soft  tbods,  where  a  masticatory  apparatus  is  not  needed*     All  aaimtds 
which  feed  on  grain  and  other  vegetable  matters  require  the  process  of 
masticutton  to  render  the  food  susceptible  to  tlie  action  of  the  digestiTe 
juices ;  for,  as  we  have  found  in  these  animals,  the  food-constituents  af« 
inclosed  in  unyielding  envelopes  which  resist  the  action  of  the  digestive 
juices*     To  enable  tlie  nntritive  matter  to  be  released  from  the^e  s\%i> 
stances,  such  foods  retpiire  mechanical  subdivision  before  the}^  can  proTe 
of  nutritive  value. 
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In  the  Mrcl.  wliicb  is  not  supplied  with  a  nmsticatory  appamtns  as 
ordintirily  iiiMltTstood, — thiit  is,  in  ^hom  mastitriitit>ii  does  uot  occur  in 
tbe  mouth.— we  have  a  supplementary  organ,  tlie  gizzard,  whit-h  nerves  the 
same  purpose  in  eomniinutittg  the  food.  In  tljese  aniniids,  therefore,  the 
oi>enilion  of  nmsticntioii  is  jierfonned  in  the  :il>duniin:d  or^rans  and  is 
invohmt^ry.  Toluntary  masticntiuii  perloruied  in  the  mijuth  oidy  occurs 
in  mammals f  and  is  seen  in  its  typical  fomi  in  the  berbivom,  in  a  less  per- 
fect degree  in  the  carnivora,  while  the  omnivora  occupy  a  mean  between 
the  two* 

Mastication  Is  a  compk^x  act»  and  requires  tbe  action  of  active  and 

passive  organs;  that  is,  tbe  nniscles  of  niasticatiuo,  tlie  jsuvs  and  teetli, 

%hile  it   is  aided  iry  the  tongue,  lips,  and  cheek.     In  all  vertcliratcs  the 

jaws  move  verticailyt  the  nature  and  degree  of  the  movement  varying 

with  the  nature  of  the  fumh     In   the  carnivoni  the  luw-er  jaw^  is  alone 

u&Uidly  movallk^  and  its  extent  of  motion  is  very  much  greater  tlian  in 

the  herbivora.    Tlie  lower  jaw  is  moved  by  Ave  muscles  on  each  side,  the 

tfm|K»ral,  the  masscters.the  two  ]>terygoids,  and  digastric  muscles,  while 

in  tbe  soli  pedes    tbe  stylo-maxillavy   muscle  constitutes    an    auxiliary 

muscle  of  mastication,     Tbe  action  wlucli  a  muscle  exerts  is  dependent 

mit  only  on  tbe  bulk  of  tbe  muscle,  but  on  the  angle  of  insertion  of  tbe 

niu<ele  in  the  bone.     The  more  acute  tbe  angle,  and  tlie  nearer  the  point 

or  insertion  to  the  articulation,  the  more  extensive  will  be  the  excursion 

of  the  movable  part  in  the  contraction  of  the  muscle,  ami  tlie  greater 

^ill  tx*  its  velocity  of  movement.     The  more  perpendicuhir  the  insertion 

of  the  muscle,  and  the  grciitcr  the  distance  between  the  point  of  insertion 

'uiti  tbe  articulation,  tbe  greater  will  be  the  power  devfluiK'cl  in  tbe  con- 

tmction  of  tbe  muscle.     The  latter  is  the  arrangement  which  generally 

clinmetenzes  the  muscles  of  mastication  ;  they  are  inserted  ]>cri>endicu- 

^flfl)^  in  tbe  lower  jaw,  and  at  a  considerable  distance  from   tlie  maxillary 

artienhition.     The  arrangement  of  the  parts  and  the  motions  in  mastica- 

tion  (lirt'er  in  ditierent  animals. 

In  the  carnivora  the  articulation  of  the  lower  with  tbe  upper  jaw  is 
h^  transverse  condyle  fitting  into  a  canal-like  groove  in  the  temporal 
^iie,  the  canine  teeth  and  nujlars  overlap,  and,  the  lower  jaw  being  nar- 
^H^er  than  the  upper,  the  only  nmtion  therefore  possibk*  is  a  simple  up 
M  down  movenjent  (Figs»  8(>  and  87), 

It)  herbivora  tbe  articulation  of  the  b>wer  with  tbe  upper  jaw  is  a)>ove 
tbe  level  of  tlie  moiar  teeth,  and  permits  of  a  forward,  backward,  and 
''il<*ni!,  as  well  a.s  an  up  ami  down,  motion.  Three  distinct  ty[»es  of  her- 
Wvoni,  with  reference  to  their  nu^de  of  mastication,  may  lie  recognized. 

Firsts  tbe  rodents,  which  have  only  two  kinds  of  teeth,  two  higldy 
develoj^^ied  incisurs  in  each  jaw  ;  the  canine  teeth  are  absent,  while  the 
molars,  which  are  compouml  teeth,  have  a  tlat  crown  and  transverse  rows  of 
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enamel.    The  temporal  fossce  are  small,  their  zygomatic  arches  are  slight 
and  tbc  iimxillury  cuiidjle,  instead  of  being  tranHverse,  as  iu  the  citrnivor*," 
is  jintero-|Kmtei'ior,  and  articulates  with  tljc  glenoid  cavity  in  the  iania 
direction,  the    articuhiting   surface   in    thi^se   animals    being  &   sort  of 
*ninal  or  ^ottt^r  ninniiinr  from  In^fore  backward  (Figs.  88  and  89).     Th«  i 
arrangcmoiit  of  the  ai  ticyiatiun 
of  the  upper  and  lower  jaw,  as 
well    as    the   mode  of  insertion  ^- 

uH  the  muscles,  favor  a  backward 


Fig.  86.— Read  of  Carnivora— Bog, 


Fm,  KT,— Lkferihr    Maxti-i^abv     Bosk  of 

L'AKNlVrtUA— I\»I-Alt   DKAIt.      iBMftr*t) 
right  xide^ :  <'^  Trout  vi«w  wff  taoM  camiy}*. 


and  forward  motion  of  the  lower  jaw,  which  is,  therefore,  the  chfiractpr- 
istic  motion  of  rodents. 

Second,— In  the  ruminants  the  jaws  are  lomr  f«nd  feel ilc,  the  canm 
and  upper  ineisur  teeth  are  absent,  wliile  the  muhirs  are  compound  teeth 
with  a  flat  crown,  with  the  enamel  arranged  in  antero-posterior  lnyciu 
The  condyle  of  the  lower  jaw  iirtienhiles  with  a  plane  ut  almog^t  convex 
glenoid  surface  of  the  temporal    bouci  and  this  mode  of  articuialiou, 


iJ> 


FlO.  88L— Head  of  Rf»iiF;?ff— Marmot. 


FlO.   R».  — iKrEHTOR     MATTT.LARY    BnSM  Of 
RO II E  N  T— 4  '  A  I*  Y  H  A  R  A  ♦      ( lUclartt  \ 


togetlicr  as^ain  with  the  arranirement  of  muscles,  permits  of  a  roUtory  | 
motion  of  the  lower  jaw,wiiieh  is  therefore  a  characteristic  trait  in  tlK  j 
mastication  of  the  rnminants  (Figs.  90  and  91 ). 

7%irtL—lu  the  solipedes  und  jiachy^lennata  thrive  kinds  of  teeth  i 
present,  and  both  of  the  above  kinds  of  movement ;  thut  is,  rotatiou  %xid\ 
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ard  and  backward  motions  are  possible,  but  are  not  present  in  as 
t  a  degree  in  this  ease  as  in  the  two  preceding  types  of  herbivora. 
ani Dials,   therefore,   occupy   a   mean    between    the    rodents    and 
[lUunanU  (Fig.  92). 

h  Thk  Movements  of  the  Jaws.^ — The  mouth  is  opened  bydepres- 
rion  of  the  lower  Jaw,  which  is 
(flbeted  in  all   animals    by  the 
I  digMtrie  muscles,  aided^  in  the 
'koi«e,     by    the     stylo-maxillary 
miiscle,  which    is    in    reality  a 
ibort  branch  of  the  former.    The 
lover     jaw    is    depressed    very 
krgely  by  gravity;  hence,  in  all 
ftnimftls  we    find    such   a   slight 
ooscular    power    acting  as    de- 
or  of  the  lower  jaw  as  con- 
with   the    large   number 
[powerful  muscles  which  pro- 
duce its  elevation.      When    the 
mouth  is   opened   the  maxillary 
condyle  turns   on  its   axis   and 
tti  posterior   part,  which,  when 
the  jftws  are  closed,  is  in  con- 
Ucl»  aa  in  the  horse,  with  the 
Buiicondyloid    apophysis,   leaves    this    surface    and    moves    anteriorly. 
In  carnivorous  animals  the  condyle  being  fixed  in  a  gutterdike  glenoid 
CAvity,  rotation   on  its   axis   is    the   only    motion    which    is  noticed* 


'*f!'W. 


'^^^. 


Fig.  90,— Hkad  or  Hornkd  RuatixAifT— Ox. 

{BicUird,} 


Pro.  m.^HEAB  OF  HoitNi*E89  RiJjfTN AKT— Camei.,     (Biclard.} 

'I*  *^1  wiimals  the  finger  placed  IjcIow  the  zygomatic  fossa  will 
njitiQpj^lj  ^|j^  forward  and  backward  motion  of  the  coronary  process 
**  t«e  mouth  is  opened  and  closed.     In  carnivora  the  extent  to  which 

16 
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the  lower  jaw  nmy  be   depressed  ia  very  much   greater   than   iu 
herbivora ;  in  the  ktter,  as  m  the  liorse^  eij^lit  to  ten  centimeters  being 
the  extent  of  aeimration  of  the  lower  from  the   upper  iueisors.     The 
digastric  imiscle  is  comparutively  feeble^  and  would  appear  to  puH  tbc 
jaw  hack^  but  rcall}'  it  tends  to  advance  it,  since  it  is  a  lever  of  the 
third  class.     In  the  hare,  rabbity  and  ox  the  digastric  muscle  has  oidj  one 
belly,  and  in  the  ox  is  joined  to  the  same  muscle  of  the  opposite  side 
by  transverse  muscular  fi!>res ;    in   tlie   dog   there   is  no  intermediary 
tendon  in  the  digastric  muscle.     The  development  of  the  digastric  de- 
pends upon  the  character  of  the  food  of  animals.     In  the  horse,  sbee] 
and  QX,  where  it  ia  small,  it  is  a  double  muscle,  and  is  inserted  more 
anteriorly  in  the  lower  jaw  than  in  caniivorous   animals,  where  it  h 
large.     The  conditions,  therefore,  are  most  favorable  for  its  action  iii 
herbivora  on  account  of  its  dirterent  insertion.     This  muscle  antagonae* 
the  temporals,  masseters,  and  pterygoid  muscles. 


^ 


Fig.  W,— Hrap  of  8oLn>Ei>s— Hobsb.    (Sielard,) 

The  representative  of  the  dip:astric  in  the  lower  vertebrates, »9 'i> ^ 
reptilia,  accordino^  to  Mr  O,  E.  Doltson,  is  a  bnmlle  of  muscular  1 
arising  frfjm  the  occiput  and  inserted  into  the  posterior  extremit] 
the  mandibular  ramus,  its  functions  being  simply  those  of  drawing  1 
angle  of  the  mandiljle  Viackward  and  upward,  and  so  separating  1 
jaws  in  front.  This  is  also  its  form  and  function  in  birds  and  i 
mammals,  though  in  man,  monkeys,  and  rodents  the  muscle  is  in» 
of  two  lu'llies  witli  an  iutt^rmediaie  tendon,  whtefi  is  often  connecfl 
by  ligament  witli  the  hyoid  bone.  Mr.  Dobson  has  traced  an  intoreitinf 
connection  between  the  mode  of  feeding  and  the  type  of  the  digastm 
muscle.  In  the  group  of  animals  in  which  this  mn«cle  is  connect*'! 
with  the  hyoid  bone,  the  sp*^eies  swallow  their  food  while  in  the  ered  p  j 
sition,  with  the  head  bent  forward  on  the  chest  and  the  long  axisof  tli»| 
cavity  of  the  month  at  right  angles  with  the  opsophagus ;  in  the  otb«r 
this  muscle   is   free,  and   all    the   species   feed   while   resting  ou  ll^^^ 
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erior  extremities,  having  tlie  long  axis  of  the  mouth  in  a  line  with 
\  (cso  I  »h ajiu  s.  T  h  u  s ,  a ra  on  ^  c  e  r t  n  i  n  rot!  en  t  s  a  n  d  a  r borca  1  i  ri  s  ee  t  i  v  o  ra , 
lich  habitually  sit  erect  wbile  leeding^  holding  their  food  between  their 
fore  feet,  tlie  anterior  bellies  of  the  digaHtries  are  large  and  united,  and 
ibeiutennediate  tendons  well  develo|>ed  ajid  connected  by  fascial  hands 
fith  tbe  hyoid  bone,  and  by  their  deep  Hnrfaees  with  the  mylo-hj  oid 
mut»cles,  an  in  the  rat  and  the  eomnion  durmouse.  In  tbe  water*vole 
{Arvicola  amphibius)^  however,  tbe  digastrics  are  eonm-ctcd  together  in 
fruut  by  fascia  iilone,  and  the  upper  margin  only  of  their  middle  part 
\  tendinous,  and  not  connecteil  with  tbe  hyoid  bone.  These  animals 
'Itf  on  vegetable  substances  obtained  while  swimming,  and  hubitnally 
Iwjkl  the  head  stretched  out  in  a  line  with  tbe  body. 

The  mooth  is  closed  by  elevation  of  the  lower  jaw,  and  is  tbe 
reversal  of  the  previous  motion.  Here  powerful  muscnlar  action  is  re- 
quired, stince  in  the  closure  of  the  jaws,  in  manv  cases,  great  force  is 
JUfdeU.  It  is  accompliKbed  b>^  the  temporals,  the  niasseter,  and  ptery- 
goid mtisetes.  In  carnivora  tbe  tcmporrd  is  the  principal  elevator  of  the 
lower  jaw.  Its  volume  is  proi)ortionately  enormous,  tlie  temporal  fossae 
oeuapying  tbe  entire  surface  of  tbe  ]mrtetal  bones  back  to  tbe  oeci|»ital 
ipbe.  In  hcrbivora  and  rodents  the  masseter  muscles  are  tbe  most 
highly  developed;  their  origin  l>eing  from  the  zygomatic  areh  and  a 
[N>rtioii  4 if  the  superior  maxillary  bone,  and  being  inserted  in  tlie  lower 
jiw^  in  tbe  solipedes  on  both  faces  of  the  coronoid  processes,  as  far 
^'k  as  the  last  molars.  Both  of  these  mnscles  act  as  levers  of  tbe 
llilrfl  da=«i^,  as  is  very  evident  in  the  rabli it,  where  the  eonmoid  processes 
*remucb  lower  than  tbe  artictdation  of  tbe  lower  and  upiier  jaw.  In 
%  nirnivora^  the  coronoid  processes  Ijeing  separated  by  a  consiilerable 
space  from  the  condyle,  the  conditions  arc  most  favorable  for  t!ic  action 
or  the  temporal  muscle.  From  the  oblique  direction  of  its  iibres  it  tends 
*«  produce  drawing  back  of  tiie  lower  jaw,  where,  as  in  tbe  bcrbivom, 
this  ig  possible. 

The  masseter  mnscle  is  developed  in  inverse  i>n)portion  to  the  tem- 

ml.     It  is,  therefore,  the  principal  elevator  of  the  jaw  in  the  berliivr^m 

Klin  the  rodents.     It  riKcs  from  tbe  zygomatic  spine  in   solipedes,  tbe 

ttmxillary  tubercle  in   ruminants,  to  Ik?  inserted  in  tbe  lower  jaw\     It  is 

lever  of   the  third  cbiss ;    its   fibres   are  directed  bf^ckwnrd  and 

pard  in  the  herbivora,  and  it  ma}'  serve,  therefore,  as  in  the  rodents, 

.  in  the  forward  motion  of  the  lower  jaw;  its  greatest  power  is  de- 

when  the  resistance  to  tbe  elevation  of  the  low^er  jaiv  is  between 

f  truilar  teetb,  while  its  origin,  being  on  a  [ilane  external  to  its  insertion 

Itke  lower  jaw,  as  in  the  horse  and  rabl^it,  it  may  aid  in  lateral  motion 

tbe  jaw  In  animals  where  tbis  motion   is  not  rendered  impossible  by 

^«  motle  of  articulation  of  the  jaws,  or  by  the  overlapping  of  the  teeth. 
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The  pterygoid  muscles,  especially  tlie  internal,  which  is  usutilly  ti 
largest,  are  alno  elevators  of  the  lower  jiiw,  and  are  most  developed  in 
herbivorous  animals ;  they  are  also  levers  of  the  third  class^  and  arc^ 
A  certain   extent^  concerned  in  the   production   of  lateral  and   ante] 
posterior  nit^tion  of  t!ic  lower  jaw  in  animals  where  these   motions  ire 
possible.      Propulsion  of  tiie  lower  jaw,  or  antero*iK>sterior  motion,  li 
most  marked  in  the  rodents,  although   it  is  al*io  present  to  a  less  degree 
in  solipedes  and  ruminants^  but  is  impossible  in  carnivora  on  account  of 
the  sluqie  of  the  arlicnlation  of  the  jaws.     In  this  motion  the  maxillary 
condyles  slide  forward  on  the  glenoid  fossie  of  the  temporal  bone  in  ani- 
mals where  there  may  lie  a  snbeondyloid  apophysis  posteriorly  and  no 
restricting  snrtaee  anteriorly.     This  motion  is  quite  marked  in  the  pig, 
which  has  a  triangular  condyle,  but  attains  its  maximum  devebipraent  in 
the  rodent.      This  motion   is  accomplished   hy   means  of  the  masse ter 
muscle,  aided  by  the  external  pterygoids ;  for  in  the  rodents,  and  in  a  less 
degree  in  ruminants,  the  origin  of  the  most  posteririr  fibres  of  the  mai^. 
sett'T  muscle  are  in  advance  of  their  insertion  in  the  lower  jaw.    This 
obliquity  in  direction  of  the  raasseter  fibres,  in  contraction  of  this  muscle, 
tliereforc  serves  to  move  the  Jaw  forward. 

The  retnietiiTn  of  tlic  lower  jaw,  which  of  course  occurs  only  in  ani- 
mals in  which  forward  motion  is  possible,  is  accomplished  by  mettHBof 
the  tcni[HUTd  muscle,  the  digastric  being  not  concerned  in  the  proccsi, 
since  I  wick  ward  motion  of  the  jaws  only  occurs  in  closing  the  mouth, 
while  the  digastric  in  its  contraction  opens  the  mouth  and  even  t*ndst<> 
advance  the  lower  jaw  somewhat. 

Lateral  movement  of  the  lower  jaws  is  more  or  less  pronounced  in 
all  herljivoraj  but  is  most  marked  in  the  rnminants  ;  it  never  occh; 
the  carnivom,  as  already  explained,  on  account  of  the  sha|ie  of  iht 
dyles  and  overlapi>ing  molarH,  and  the  crossing  of  the  canine  t^*elh.   The 
lateral    motion   of  the  hjwei"  juw   is   not  a  simple  lateral   disphieei 
parnllcl  to  tlie  axis  of  the  lower  jaw;  that  is,  it  is  not  c<[ual  at  lioth 
trcmitieB  of  the  jaw,  but  is  an  angular  deviation  very  marked  at  thfiJ^* 
cisor  teeth,  find  is  a  rotation  of  the  lower  jaw  around  one  condyle  of 
inferior  maxillary  bone,  the  incisor  teeth  desorilnng  an  arc  of  n  ci\ 
whose  centre  is  one  condyle,  which  thus  moves  very  little,  while  tlie  0| 
site  condyle  advances  and  ]>artly  leaves  the  articular  surface,  as  maj 
determined  by  placing  the  finger  in  the  temporal  fossa,  when  the  coroDl 
process  on  the  side  opposite  to  that  toward  which  rotation  is  taking  pl«^ 
may  l)e  felt  to  move  forward.     In  tins  lateral  motion  of  the  lower  j«' 
the  axes  of  the  molar  teeth  cease  to  lye  parallel,  the  incisor  arch  pnfisiBf 
one-third  to  one-half  its  extent  to  one  aide  of  the  upper  arch  or  I»J 
which  represents  it  in  the  rnminants  ;  the  molar  teeth  of  the  npp*r  M"' 
lower  jaw  arc  in  contact  on  the  side  toward  which  rotation  is  occurriiifi 
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while  they  cease  to  eorrespond  on  the  opposite  side.     It  is,  therefore » to 
a  certain  extent,  a  circular  motion,  in  which  the  axis  of  the  lower  jaw 
crosses  tliat  of  the  upper,     A  furtlicr  i>ecQlinrity  of  this  hitend  motion 
of  the  lower  jaw  is  that  it  is  alteniative;   that  i^^  thure  i.s  not  a  deviation 
first  to  the  right  and  then  to  the  left,  but  if  tiie  motion  i^  first  a  deviation 
to  the  right  in  the  p^oeea^*  of  mastication  it  returns  again  to  its  central 
position  ami  again  rotates  to  the  ri^rht.    This  may  occur  for  half  an  hour 
or  more  in  soUpedea,  and  in  ruminants  in  both  fir^t  mastication  and  in  rumi- 
nation  ;  then  the  motion  may  be  reversed,  and  may  occur  as  a  left  lateral 
deviation  for  a  similar  length  of  time.     The  camel  is  the  only  animal 
which  furnishes  an  exception   to  tluH  mctiiod  of  mastication.     In  it  the 
bteml  motion  is  altenmtive;  the  deviation  occurring  firwt  to  the  right 
and  then  to  the  left  of  the  central  position.     In  sol»i>ede*i  this  motion  is 
apparently  not  as  marked  as  in  the  ruminants,  ]mt  iUih  ditfcrcuce  is 
merely  apparent,  it  being  to  a  curtain  extent  concealed  by  the  huig  lips 
of  these  fmimaU.     It  is,  therefore,  more  evident  but  not  actually  greater 
in  the  rnmiuants  than  in  solipedes.     Lateral   motion  of  the  lower  jaw  fg 
produced  by  alternate  ct>ntraetions  of  the  |>tcrygoids,  especially  the  in- 
ternal, the  external  being  very  small  in  ruminanta,  and  by  the  masseters; 
when  the  deviation  occurs  to  the  right  the  uiotiou  is  produced  by  con- 
traction of  the  right  massetcr  and  \e\X  internal  pterygoid  muscles.    When 
the  deviation  occurs  to  the  left  it  is  produced  by  contrjictions  of  the  left 
mftsseter  and  right  interna!  pterygoids,  the  action  of  I  he  pterygoids  lieing 
tH»r«i  mnrke^l  in  ruminants  Hum   in  solipcdes  from   the  fact  tiiat  in  the 
fonnor  animals  the  palatine  ridges  stre   nearer  together;  therefore^  the 
lateral  power  of  the  pteryg<jid  muscles  is  more  marked, 

2.  Thk  Actios  of  tiik  Tketii  in  MASTiCAXto?*, — The  teeth  are  ptissive 
orpviis  of  mastication,  which  are  iudiCfldcd  in  the  alveoli  of  tlie  jaws. 
Teeth  may  be  divided  into  three  did'erent  parts:  the  crown,  or  the  part 
which  projects  into  the  mouth  above  the  gum ;  the  neck  of  the  tooth,  where 
lit  puses  through  the  gum  ;  and  the  root,  which  is  imbedded  in  tlie  alveolus. 
fe«fUi  may  l>e  of  two  dillereut  kinds, ^either  simple,  where  the  entire 
cmal  surface  of  the  tooth  is  covered  by  enamel;  or  compound,  where 
two  (iifferont  substances,  enamel  and  dentine,  compose  the  free  surface. 
When  a  tooth  is  divided  hujgilndinally  it  is  found  to  cou.si^t  of  three 
'ii/rerent  substances  ;  the  hardest,  and  that  which  in  simple  teeth  covers 
the  crown,  i^  termed  the  enamel,,  riud  passes  over  the  neck  of  the  tooth, 
Upcoming  gradually  thinner,  and  only  partially  covering  the  fang.  The 
Huimel  (Fig.  93)  is  composed  of  peidagonal  or  hexagouid  prisms,  or 
enamel  fibres,  of  about  one  fivc-thousaudth  of  an  inch  in  diion^t'T 
Cftwcly  packerl  together  and  arranged  in  a  radiating  maiiQer  ^ 
Surface  of  dentine  below.  The  enamel  contains  uo  nutrient 
not  renewed.     The  bulk  of  botli  crown 
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a  tootb  is  constitated  of  what  is  known  aa  dentine,  a  section  of  whicb 
reveals  it  to  be  formed  of  a  densely  packed  mass  of  curving  tubes  with 
distinct  walls,  imlicilded  in  a  dense ^  bone-like  matrix,  wbicU  run  from  Ibe 
pulp-cavity  to  the  outer  surface  uf  tlie  dentine  near  which  they  ramify. 
The  rauterial  between  the  tubules  or  the  matrix  of  the  dentine  is  a  per- 
fectly liomogeiieous  substancei  containing  nciirly  the  whole  of  the  earthy 
matter  contained  in  the  tooth,  armnged  in  all  animals  in  superimiKised 
layers.  The  tubules  are  the  one  four  thousandth  of  an  inch  in  diameter^ 
and  when  fresh  contain  nerve  and  vascular  processes  from  the  pulp. 
The  third  substance  found  in  teeth  is  known  as  the  cement,  or  cruda 
petrom^  and  in  the  simple  tooth  merely  covers  the  fang,  whereas  it  dips 
in  between  the  layurs  of  enamel  in  com- 
pound teeth  on  the  crow n^  and  when  the 
tooth  is  wholly  inclosed  within  its  cavity 
also  covers  the  crown  (Fi^,  94).  In 
carnivora  the  teeth,  as  already  remarked, 
are  simple ;  In  other  words,  their  crowns 
are  permanently  covered  with  enamel,  and 
when  in  extremely  old  subjects  the  incisor 
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Oil— Enamel  Prisms,  after  KUlliker, 

A,  la  lon^tadinAl  ri«w  ;:  B,  la  < 


Can  I N  K  TnoTii  OF  Mas,  akto 

WaXDEYER.     (Kirin.) 

A,    cmita    fi«in««tt.  with  }*ff  '■^•^ 


teeth  and  canine  teeth  wear  down, — then  only  does  the  dentine  of  tw 
teeth  become  exposed.  In  herbivora  compound  teeth  are  invarinhly  JD^^ 
with.  In  other  words,  on  the  free  surface  of  the  teeth  of  herbiroi* 
different  substances  of  vary  in  t;^  degrees  of  density  and  hardness  *T< 
always  met  with,  the  function  of  which  is  to  insure  a  c«>nstivntly  ^^^^ 
surface  for  the  purposes  of  grinding  j  for  a  good  mill-stone  is  comi>o«ed  <>' 
materials  which  wear  with  dilTereeitdep:rees  of  rapidity ,  and  thus,  al'^'^y* 
remaining  rou^h,  most  e  fleet  ually  grinds  the  substances  ovt-r  whiciiiti 
passes.  In  the  compound  tooth,  as  found  in  the  herbivora,  the  cemeni| 
originally  covered  the  entire  crown,  but  as  the  toolh  is  erupteil  sifiip 
remains  on  the  biting  or  grinding  suriace  of  the  tooth.     Thus,  in  th* 


MASTICATION. 


247 


Disors  of  a  horae^  the  free  surihce,  with  the  exception  of  the  crown,  13 

©vcreil  with  enaniel  alone  {Figs.  95  iind   96).     Un  the  Wting  surface  of 

incisor  tooth,  when  freshly  erupted,  is  alwujs  found  a  central  spot 

omjiosed  of  cement,  the  enamel  dipping  in  to  form  a  cavity  vi  depres- 

llioQ  on  the  free  biting  surface  of  these  teeth.     By  the  change  in  shape 
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Fio.K.-DTAOfiAM  ofFrkshly-Eritptkd 
hri*aB  or  LdiWKB  Jaw  of  Hukse, 

Iipwwim  in  t»bl«  af  tooth ;  ;  cetQAttt,  which  npidlv 


Fio.    98l— Lower     iNCTiWR     Tooth     of 
HOKMK.     [Ntihn.) 

e,  vamHlf>«rii  rarfiifn  n(  tab!*  of  tonth,  tbiitttnf  lh« 
ftltttmEta  lajrvni  or  eiaatnvt^  •;  s,  doDtl|k<;  ftJid  f,  4i^ 
o«>llur«)l  vam«Dt  Ailing  iafuQiiibuluoia 
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ofthifl  central  depression  in  the  incisor  teeth  of  the  horse,  through  the 
jfrafJiial  wearing  down  of  the  surface,  an  index  is  furnished  of  the  age 
of  the  horse, — a  matter  which  will  subsequently  l>e  alluded  to. 

The  molar  teeth  of  herbivorous  animals  are  chiefly  com|X)iincl  teetlt, — 
tLat  is,  the  enamel  dips  down  btdow  the  surfiice  of  the  crown,  and  in 
j^ome  animals^  as  in  the  eleiihant,  the  com-  * 

pund  teeth  ma}*  be  regarded  as  a  series 
of  fiflttened  teeth  arranged  side  by  side  in 
tlie  jaw,  and  connected  Qiily  by  the 
cement,  or  crusta  peirosa  (Figs.  97  and  .^  '^, 
58),  This  substance  is  like  that  invarl- 
hiy  found  covering  the  fangs  of  teeth, 
but  which  only  in  coniiiound  teeth  appears 
oiJon  the  crown.  The  pointed  ftuig  or 
faiigg  (»f  teeth  are  pierced  by  an  opening 
wliicli  communicates  with  a  cavity  in  the 
centre  of  the  body  of  the  tooth,  called 
the  pulp-cavity,  w^hich  contains  blood- 
vessels  and  nerves  which  enter  through 
^eoi)ening  in  the  fang,  and  in  the  pulp- 
^vitj  ramify  over  a  delicate  fibro-celluhir 
«tnicture  constituting  the  pulp  (Fig.  99). 

Tbe  ijulpid  continuous  over  its  surface  with  an  infinite  number  of  small 
pfojtTtions  which  extend  into  the  tubes  of  dentine  in  the  inner  structure 
^^  tbe  tooth. 

These  three  di^ereot  substances,  which  constitute  the  substances  of 
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Fio.  97.— Bkcohi*  Upper  Molar  of 

ni*ii«F:,     SHOWING      Weak      of 
Tahlk.    {NuhtK) 

H,  d«pnnmiotk  on  tabic ;  pi,  d^prvuton  era 
»id#;  m.  enAni«1 ;  c,  dentiti*;  Car,  f*m«tkt:  *t,  *x- 
tcroal  ur  buet-al    ■nrfkcw;    i,  ibl«ni&l    or    «ral 
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the  teeth,  vary  hi  their  chemical  composition,  and,  as  a  consequence,  in 
their  ditlbrent  ik-grees  of  hardness,  clependent  upon  the  varying  amount 
of  morgiiiiic  mutter  found  within  them,  tljus  : — 


Dentine.         Elnamel*         Cemetit. 
Organic  matter,  ....     28.01  3.5d  32.24 

Inorganic  matter,        ,         ,        .    liM  96.41  67,7S 


4 


The  sharp  angles  and  prominences  on  the  crown  of  the  coropoam 
tooth  are  formed  of  enamel,  as  is  the  entire  free  surface  of  the  simple 
tooth.     The  deeper  hollows  in  the  crown  of  compound  teeth  are  fonnd 
by  the  wearing  of  the  cement*  while  the  substances  vnryinjr  in  hardness 
between  these  two  are  formed  by  the  dentine.     The  fang  of  tbe  taoth, 
where  inserted   in  the  alveolus,  is   further  covered  by  a  membrauoKs 
linings  the  periosteum,  which  is  soft  and  contains  vessels  and  nerves,  and 
which  is  rejected  into  the  pulpK?avity  through  the  opening  in  tbe  fang 
of  the  tooth.     When  ossified,  this  membrane  forms  osteo-dentine. 


s 
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Flo.  88.— HaIjF  of  a  Fo8fiiL  Tooth  of  Elephant  (Dfrns  tamrfl<mia\,    (JVW*) 

Teeth  fire  entirely  absent  in  binls,  but  are  generally  present  i^ 
flahes,  amphibia,  reptiles^  and  mammalin.  In  thi^  latter  class  alone  1 
two  sets  of  teeth  met  with :  the  first,  the  deciduous  or  milk-teeth,™ 
are  only  temporary,  fall  out  and  give  place  to  the  permanent  teeth.  ^'^^ 
the  exception  of  a  few  fishes,  such  as  the  sheep  Vhejid,  and  certain  1 
bivorous  reptiles,  the  teeth  in  fishes,  amphibia,  and  reptiles  as  a  class,! 
solely  prehensile  j  they  serve  simply  for  seizing  and  di%'iding  their  pi*? 
into  portions  small  enough  to  be  swallowed.  It  is  only  in  the  mamiBsi* 
that  the  teeth  serve  actually  as  organs  of  mastication. 

The  teeth  of  fishes  present  greater  varieties  than  those  found  in  M»J 
other  class.  They  may  l>e  almost  inntnnerable  or  they  may  be  reduced  W 
a  single  tooth,  as  in  the  lepidosiren,  which  has  only  a  single  dental  pbU 


^nmll  and  conical,  generally  cylindrical,  but  sometimes  flattened^ 
curved,  bent  sidcwise,  or  even  barbed  ;  or  tlioir  vdise  may  be  ser- 

lin  sharks  jrenerally ;  or  tlie  base  may  be  bnnvder  than  the  npex^ 
hUarks.     The  teeth  of  fishes  are  by  no  means  limited  to  the  free 
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maxillary  and  free  mamlibulfir  bones,  or  the  lower  and  upper  jaws.  In  | 
some  fiislies,  as  in  the  t'ltrp,  all  the  teetii  nre  in  the  back  of  themouthf 
while  in  most  fishes  there  are  teeth  not  only  on  the  maxiHary  and  man- 
diliolar  lK>ne8^  but  also  on  the  bones  around  the  middle  part  of  the  mouth; 
even,  sometimes,  l»eing  found  on  tlie  median  line  of  the  palate.  In  cer- 
tain  eartihiginoujji  fishes  the  teeth  depart  from  the  usual  rule,  in  conse* 
qnence  of  which  they  are  mostly  inelosed  in  the  bone  on  which  they  rest, 
but  are  attaclied  by  ligaments,  so  as  to  allow  the  teeth  to  be  bent  l*ack- 
ward  in  the  mouth  by  pressure.  In  roo&t  fishes  the  enamel  and  cement 
substances  are  absent*  the  body  of  the  teeth  being  composed  simplj  of 
dentine,  which  on  its  external  surface  is  more  compact  than  when  found 
in  mammals.  The  teeth  of  fishes  are,  as  a  rule,  replaced  several  times 
during  life,  especially  in  the  cartilaginous  fishes. 

In  amphiliia,  fine,  prehensile  teeth  ore  found  on  the  upper  jaw  and 
palate-bones  of  the  frogs  and  salamanders;  more  seldom  on  the  lower  jaw 
also.     In  toads  only  jtalat^d  teeth  are  j)  re  sent. 

In  reptiles  the  jaws  may  be  either  covered  with  a  thick,  dense  horn, 
which  assists  in  dividing  the  food,  or  they  may  exhibit  the  most  perfect 
dentition,  as  in  tlie  saurians. 

The  number  of  teeth  is  always  very  large,  and  while  in  crocodiles  anfi 
many  lizards  they  are  limited  to  the  jaw-bones,  they  also  exjst  on  thepfenr- 
gold  or  [lalatine  bones,  and  on  the  roof  of  the  muuth  of  moi^t  ophidiaus. 
The  tyincal  form  of  the  teeth  of  reptiles  is  conical,  and  tlR\v  varj^  greallj* 
in  si7.e,  from  the  minute  tooth  of  the  blin<l-worra  to  the  powerful  canine- 
like  teeth  of  the  crocodile.  They  are  sometimes  cylindrical,  but  ma)  be 
flattened,  or  even  have  serrated  margins.  Their  surface  is  smooth,  or  i» 
notched.  In  serpents  they  are  relatively  longest,  antl  present  a  remark* 
able  structure  in  the  case  of  the  poison-teeth  or  fangs,  which  areetrougly 
curved  and  contain  a  canal  opening  at  lioth  ends  of  the  tooth:  on  tlie 
anterior  or  convex  aspect  of  the  teeth  above,  close  to  the  guui!^,»»i^ 
below  on  the  concave  surface,  a  short  distance  from  the  point  of  tbe 
tooth.  These  teeth  are  usually  confined  to  the  upper  jaw,  and  thccaii*! 
serves  to  convey  the  secretion  of  the  poison -glands,  by  the  duct,  to  lb« 
substances  in  which  the  tooth  is  imbetlded^  the  poison  lH?ing  forced  oat 
by  muscles  which  join  the  gland-capsule  and  compress  the  gknd.  Tk 
]>oi8o  n  -  fa  n  gs  a  re  fi  x  ed  to  t  he  s  u  pe  r  i  o  r  ni  a  x  i  1 1  ary  bones ,  but,  sin  ee  tbcs^ 
in  poisonous  scrjients  are  movable,  the  teeth  can  when  at  rest  eithir  li* 
flat  upon  the  gum,  or  they  can  be  brought  into  a  vertical  ijositioti  in  ti* 
act  of  striking.  Reptilian  teeth  always  contain  dentine  and  cement,  aiw 
sometimes,  also,  enamel  and  true  bone,  the  dentine  differing  slightly  froB 
that  of  mammals,  its  substance  being  traversed  by  oan&lfl  which  c<^uiw^ 
nicate  with  the  pulp-cavity.  As  the  teeth  of  the  reptile  wear  away  tb«y 
fall  out,  and  are  replaced  hy  an  almost  unlimited  succession  of  new  oo«^ 
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In  birds  teeth  are  never  present  as  organs  of  mastication,  their 
pbce  being  taken  by  the  rausoular  gizzaril;  but  the  horny  caatiug  of  the 
,  jftW9  is  developed  in  successive  laminie,  especially  seen  in  the  parrot, 
Ithidi  forms  the  beak,  and  which  serves,  in  tbe  prebtinsiou  of  food,  the 
Bft  purpose  as  the  prcOiensile  tooth  of  other  animals, 
la  tlie  mammal  tbe  greatest  variety  is  met  with  in  the  nunil>er, 
the  »hflpe,  and  external  characteristics  of  teeth.  They  may  vary  in 
Buml>er  from  one  in  the  narwhal  to  as  many  as  one  hundred  and  ninety 
iallie  dolpliins*  In  the  elephant  there  are  at  most  ten,  but  usually  only 
sii,  namely,  one  entire  molar,  or  sometimes  parts  of  two  on  each  side 
L«>fWth  jaws,  together  with  the  two  tusks  of  the  npper  jaw»  In  the 
IfCKlents  tbe  onlinury  numl>er  is  twenty ^  but  there  are  sometimes  only 
telve,  while  in  the  hare  and  rabbit  there  are  twenty -eight  In  rumi- 
ititfl  and  commonly  among  the  mammalia  there  ore  thirty-two  ;  but 
brty.four  (as  in  the  hog  and  mole)  is  siiid  by  Owen  to  be  the  typical 
nnmkr.  When  more  than  forty 4b nr  teeth  are  present,  as  is  oeeasion- 
^illy  the  case  in  the  lowest  groups,  they  are  of  the  reptilian  tjpe,  as  in 
^Blbe  porpoise. 

^m      Three  kinds  of  teeth,  as  already  mentioned,  are  met  with  ;  tlie  in- 

^^^tisors,  which  are  chisel-shaped  for  cutting  and  gnawing;  the  canines, 

which  are  longer  and  conical  for  tearing  food;  and  the  premolars  and 

molwa,  which  are  varioiisly  cns])ed  and  tuberoulated,  and  either  flat- 

ttntsl  at  the  sides  for  cutting  or  broad  at  the  summits  fur  grinding. 

Tbe  incisors  are  smallest  in  tlic  insectivora,  larger  in  the  camivora,  of 

jfreat  strength  in  the  herbivorn,  and  cspt^cially  strong  in  the  rodents. 

i^Tbese  vary  in  number :  tlie  lion  has  six  in  each  jaw  ;  the  squirrel  two 

^Bki^hly-developed  incisors  in  each  jaw  ;  the  ruminants  none  in  the  upper 

^Wiw;  tlie  elepliant  none  in  the  lower  jaw;  while  the  sloth  has  none  at  all. 

^PTbe canine  teeth  are  pnmiinent,  conical,  and  larger  than  the  otijcr  teeth 

in  the  dog  and  eat  tribes;  but  not  so  in  man.     Tliey  nre  also  large  in 

BiRny  nun -carnivorous  animals,  as  in  tlu*  ape,  liear.  musk-deer,  and  others 

w^We  they  are  used    as  weapons  ol"  otfense   and   defense.      There  are 

aever  more  than  four,  and  are  wanting  in   rodents  and  most  herbivora. 

Tfie  carnivorous  molars  are  generally  flat,  ridged,  or  tulirrculuted,  the 

*«tt'rior  ones  being,  as   a   rule,  very  small ;  they  overlap  like   the  blades 

*>' ft  acissors,  and  are^  therefore,  cniting  and  not  grinding  teeth  in  these 

animals.    The  more  purely  carnivorous  the  species,  the  fewer  the  number 

^f  iaolars.     The  herbivorous  molars  are   provided  with  tnliereles,  as  in 

^tu<^  q  113(1  ru ma na,  man,  and  most  omnivora,  or  are  marked  with  trans- 

^▼^rsi»  ridges  of  enamel  and  dentine  in  the  ruminants,  solipedcrt,  pachy- 

«fnnata,  and  rodents.     The  premolar  teeth  are  precede^!   by  milk-teeth; 

I  ^^'*^  true  molars  have  no  predecessors.     In  mammals  tbe  teeth  are  con- 

i  ^^  to  the  jaw-bones,  fit  closely  in  the  sockets,  may  have  one  or  more 


252 


PHTSIOLOGT  OF   THE  DOMESTIC  ANIMALS, 


fanj^s,  each  of  wliieh  bas  its  own  socket  lined  with  periosteum*     Mam- 
milla have,  as  a  rnk%  two  acts  of  teetli, — the  deciduous  and  permanent 
teeth;  and  wlieu  the  latter  are  worn  down  they  usually  loosen  and  fall 
out,  since  they  untlergo  little  or  no  repair.     An  exception  to  this  &Ute> 
mi^iit  la  fuiiiid  in  the  ease  of  the  rodents,  wbere  tlie  teeth  continue  to 
trrow  fram  the  fact  that  the  fang  remains  open  and  the  hollow  at  the 
base  into  which  the  pulp  extends — the  so-called  enamel  organ — is  jHfr* 
sistent^  and  fresh  dentine  is   constantly  being  formed   within   the  pulp 
and  fresh  enamel  upon  the  anterior  Hurfacc,     The  unequal  wear  of  the 
hard  coating  of  the  enamel  in  front  and  the  dentine  lK*lMn<l  preaervet 
throuj^diout  the  whole  life  of  the  tooth  its  chisel-like  edge.     In  many 
animals  sex  exercises  a  reniarkabk^  iidlueuce  on  the  development  of  the 
teeth.     Thus,  in  the  anthroi>oid  apes  the  upper  eanirje  teeth  in  the  maJe 
are  more  than  twice  the  mze  of  the  analojtjous  teeth  in  the  female;  while 
the    tusks  of  the  Iwar  and  of  the    male   elephant  and    musk-^Jeer  are 
larger  than  those  of  tlie  female.     80  also  in  the  soli  pedes  the  canine 
teeth  are  absent  in  the  female,  while  in  the  ox  tribe,  although  temporal)' 
incisors  iippear  above  the  gum  in  both  jaws,  the  jiermauent  incisors  are 
not  devebiped  in  the  upper  jaw,  but  remain  iJi  a  rudimentary  condition 
witliin  the  bone. 

By  the  formula  of  dentition,  or  the  dental  formula,  is  meant  the  con- 
venieut  method  of  reproducing  in  uumends  the  numlx^r  and  nature  of 
teeth  found  in  ditl'ereiit  auiuudi*.  To  distinguis!i  tliese  teeth  tlie  letter 
i  is  used  to  indicate  the  incisors,  the  letter  c  the  canine?*,  pn  the  pre- 
molars, and  m  the  molars.  The  upper  rows  of  figures  represent  the  teeth 
of  tlie  upper  jaw  and  the  lower  those  of  the  inferior  jaw,  the  funiid* 
usuaity  simply  representing  the  teeth  on  one  side  of  the  mouth;  doultling 
the  ninubers  given  therefore  represents  the  total  amount  of  teetli.  fc 
the  dog  the  formula  is  as  follows  : — 


^<1^-^\''^Ip^^^I'^^=^' 


That  of  the  cat  is  :^ 


8       1         2  1 


Man: — 


.^2 
S-3 


1^1  2-2 


3^ 


=  33. 


In  herl>ivora  the  incisor  teeth  vary  in  importance  in  our  gmss-M- 
ing  animals,  aiul  are  absent  in  the  upper  juw  of  ruminants,  where  tbeif 
place  is  occupied  bv  the  fibro-elastic  pa4l  already  referred  to.  Ruminant^ 
have  thirty-two  teeth, — eiglit  incisors  and  twenty-four  molnrs.  In  th^ 
horse  there  are  two  pairs  of  tushes,  or  canine  teeth ^  and  twelve  Urg* 


I 
I 


I 
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molars  in  the  upper  and  lower  jftws.     In  front  of  tbe  molar  teeth  there 
are  sometimes  riidimeiitfiry  teeth,  which  fire  called  wolf4eeth.     In  the 
horse  the  molar  teeth  have  their  grooves  produced  by  the  cement  ar- 
ranged longitudimilly  on  the  crown.     In   the  stidlion   there  are  twelve 
incisors, — six  in  each  jaw,  of  which  the  upper  are  the  longest,  while  the 
central  are  the  largest  and  the  corner  teeth  the  smuUest,^ — four  canine 
teeth, and  twenty-four  molars;  in  all  forty.     In  the  mare  there  are  thirty- 
six  teeth,  the  canine  teeth  l>eing  wanting.     The  free  surface  of  the  incisor 
teeth,  with  the  exception  of  tJjc  table,  is  covered  with  cnnniel,  while  the 
fang  is  covered  with  cement     As  the  incisor  tooth  comes  through  the 
jaw   the  cement  which  originally  covered  the  entire  body  of  the  tooth 
remains  on  the  lubie  of  the  tooth   in  a  deprcHsion  whic!i  is  called  the 
infimdibulum.     As  tlie   enninel  of  the   table  of  tbe  tooth  wenrs  away 
Rround  this  central  infundibulum  the  dentine  of  the  bcKly  of  the  tooth 
within  is  gradually  exposed.  We»  therefore,  liave  three  clitrerent  substances 
comixjsing  the  t!il>le  of  the   incisor  teeth  of  the  horse  (see  Figs.  S>5  and 
%), — the  outer  ring  of  enamel ;  within  that^  concentrically,  the  exposed 
(dentine;  and  within  that  again  the  more  or 
|ks8  triangular    ring  of  enamel    which  com- 
post originally  the  wall  of  the  i  ii  fundi  bid  utn, 
and  which  was  continuous  with  the  enamel 
covering  the  crown    of  the   tooth.     "VVitldu 
this,  again,  is  a  more  or  less  circular  or  tri- 
Mignlar    portion    of  cement   by    which    the 
infttntlibuhim    was   originally    filled,      Occa- 
Bionally  in  front  of  the  iufundibulnm  a  still 
denser  substance    than  the   dentine  will  t>e 
Biet  with,  which  is  called  osteodcntine,  and 
chilli  is  due  to  the  exposure  of  the  ossified 
t'OTering  of  the  pulp-sac.     This  is  also  called  the  dental  star.     Two  sets 
of  teeth  are  found  in  the  horse,  of  which  the  first,  or  milk-teeth,  are 
^ider  nnd  have  distinct  net^ks,  are  convex  and  are  grooved  posteriorly, 
The  incisfvr*  at  first  are  almost  perpendicular,  but  become  more  and  more 
^omontnl  as  the  teeth  wear  down  ;  the  lower  permanent  incisors  have 
^^'le  groove,  the  upper  two. 

In  rumiunnts  thirty-two  teeth  are  met  with,  the  incisors  being  found 
^tilyin  the  lower  Jnw.  Eight  incisors  and  twenty-four  molars  are  met 
^•th.  The  incisor  teeth  in  the  ruminant  are  always  somewhat  hiose,  their 
**ble  is  always  inclined,  and  the  anterior  border  sharp  TFig.  100).  The 
'Oolars  are  compound  teeth  which  wear  dowu  and  continue  to  gro-  i 

loan  ad\*anced  age  of  the  animal.     The  inferior  molars  have 
Mining  outwardly i  the  upper  incline  inwardly,  while,  as  in 
tli€  molars  of  both  sides  cannot  he  in  apposition  at  the 


cd 


Fig,   100.— Tncthob    Tooth    of 
RUMI>ANT.     (iVwAn.) 
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the  molar  arches  of  the  npper  Jaw  are  wider  apart  than  those  of  the  lower 
Jaw :  and  when  the  molars  are  in  contact  the  incisors  do  not  touch,  thns 
saving  unnecessary  wearing. 

In  the  omnivora,  as  represented  by  the  hog,  there  are  forty-fonr 
teeth, — ^twelve  incisors,  four  canine  or  eye  teeth,  twentyr-four  grinders, and 
four  so-called  wolf-teeth. 

In  the  camivora  three  kinds  of  teeth  are  met  with.    They  aie  the 
incisors,  which  are  twelve  in  number,  are  sharp  and  cutting,  and  wbcB 
first  erupted  liave  three  cusps  on  their  Aree  extremity,  the  lateral  easps 
being  on  a  lower  plane  than  the  central  cusp.    They  thns,  therefixe, 
resemble  fi  fleur-de-lis.    In  carnivorous  animals  the  two  central  indson 
are  smaller  than  the  next  two,  and  these  smaller  than  the  next  teeth.  Tht 
canine  teeth  are  four  in  number,  two  in  each  Jaw,  and  attain  considenbh 
length,  being  larger  in  the  upper  jaw  than  in  the  lower,  are  pointed  and 
curved  backward.    The  molars  are  variable  in  number,  augmented  in 
volume  from  the  first  to  the  penultimate,  which  has  large  cusps  and  ii 
termed  the  dens  sectarius.    The  teeth  of  carnivorous  animals,  with  tin 
exception  of  the  incisors,  preserve  their  pointed  form  unaltered. 

In  the  df>g  the  first  three  molars  of  the  upper  jaw  do  not  come  ib 
contact  with  the  first  four  molars  of  the  lower  jaw,  which  correspond  to 
them,  even  when  the  mouth  is  closed.  The  highest  cusp  of  the  im 
sectorius,  however,  rests  on  the  posterior  surface  of  the  first  tubercnlatcd 
molar  of  the  upper  Jaw.  The  incisors  are  cutting  teeth,  the  canines  teff* 
ing,  and  the  molars  crushing  or  catting,  like  scissors,  but  not  grinding 
in  function. 

The  diameter  and  shape  of.  the  teeth  vary  in  the  different  members 
of  the  carnivorous  group;  in  the  bear,  which  is  essentially  in  type  ctr- 
nivorons,  bnt  which  is  an  omnivorous  animal,  the  molars  are  less  pointed 
than  those  of  the  pure  carnivora,  and  approach  in  nature  the  shape 
of  the  teeth  of  omnivora,  of  which  man  may  be  taken  as  a  type.  In 
the  cat  tribe  all  the  teeth  are  very  pointed. 

The  teeth  are  mechanical  instruments  without  sensation,  but  serrc 
as  conducting  organs  of  sensibilit}-,  like  the  hair;  since  in  man  they»i« 
sensitive  to  cold,  therefore  they  are  also  probably  sensitive  in  other 
animals.  They  transmit  sensations  of  resistance,  which  must  be  less 
acute  in  animals,  such  as  the  camivora,  which  are  accustomed  to 
crush  bones,  and  thus  convej'  information  as  to  the  solidity  of  matter* 
between  the  teeth  and  regulate  the  degree  of  muscular  effort  required  in 
mastication.  The  articulation  of  the  teeth  with  the  alveoli  is  in  the  form 
of  a  pyramid  whose  base  is  external.  In  mastication,  therefore,  pressure 
is  transmitted  to  the  bony  walls  of  the  alveoli,  and  the  sensitive  pulpi* 
protected,  unless  the  teeth  are  loose  in  their  sockets,  when  mastication 
becomes  painful. 
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TO  DETEKMINE  THE  AGE  OF  THE  DOMESTIC  ANIMALS  BY  THE  TEETH.* 


It  is  chiefly  by  the  incisor  teeth  that  we  can  tell  how  old  a  horse 
is,  and  it  is  important  to  consider  tlie  change  in  shape  and  gcnend 
appeamnee  which  these  teeth  undergo,  Tliere  are  temporary  and  per- 
manent incisors.  The  first  luive  a  broad  crown,  flattened  somewhat 
from  before  back,  with  a  wearing  surface  far  wider  from  side  to  side 
than  from  l>ehiiid  forward.  They  have  a  distinct  neck,  and  a  narrow^ 
sharp  fang.  The  nppea ranee  of  the  temporary  teeth  is  slielly,  and  there 
is  a  well-marked  depression  or  infundibnliim  on  the  npper  aspect.  The 
ft-ont  of  the  tooth  is  of  a  pearl 3^  white,  and  is  grooved  or  Unted*  The 
permanent  incisor  is  mnch  larger  tlian  the  temporary  tooth  ;  its  crown 
thicker,  of  a  duller  color,  and  the  cavity  or  infundibnlum  is  deeper.  The 
neck  of  the  tooth  is  not  so  well  defined,  and  as  the  animal  acquires  nge 
we  find  a  very  remarkable  change  in  the  shape.  This  is  seen  in  Fig.  101 ,  B, 
which  represents  dilfe rent  sections  of  tlje  permanent  incisor,  as  its  surface 
appears  from  progressive  wear.  It  is  from  birth  to  the  age  of  eight 
years  that  from  the  condition  of  the  **  marks"  or  dark  cavities  In  the 
table  of  the  incisors  we  can  determine  the  age  of  the  horse.  Tliere  ar^, 
however^  deceptive  cases. 

The  molar  teeth  are  rarely  looked  at  in  determining  the  age  of  the 
horse^  but  they  furnish  valuable  corroborative  evidence,  especially  in 
ynving  animals.  They  nre  not  easil}^  examined,  but  it  is  their  number 
which  in  the  colt  confirms  or  negatives  the  opinion  expressed  as  to  the 
auiraars  age.  The  recently -formed  molar  has  a  shelly  chn  meter  (Fig. 
101,  C)  and  prominent  tuliercles  of  enamel,  which  soon  wear  down  to  form 
a  broad,  grinding  surface,  and  then  the  young  and  old  teeth  are  not 
easily  distingnished. 

The  horse  has  six  incisors  above  and  six  below.  They  are  comimnnd 
t^th,  as  shown  in  Fig.  101  at  A,  and  the  cavity  extends  downward, 
liftiring  beyond  and  a  little  in  front  of  it  the  pnlp-cavity,  which  in  old 
borses  as  the  teeth  w^ear  down  is  indicated  by  a  dark,  hard  structure, 
which  then  (ills  it,  and  which  is  called  o.steodentine. 

The  temporary  incisors  are  in  perfect  apposition  as  the  colt 
appronches  two  ye^irs,  and  not  seldom  an  animal,  especially  a  pon}^  baa 
t*en  bought  for  five  years  of  age  from  the  temponiry  teeth  lieing  mis- 
taken for  the  permanent  incisors.  The  temporary  incisor  is  gradually 
displaced  by  pressure  from  the  permanent.  The  latter  advances,  and  luis 
*  shelly  aspect,  seen  in  a,  Fig.  lOK  at  B.  At  b  the  iueisor  tooth  indicates 
two  years'  wear;   at  e  five   years',  at  cf  nine   years',  and    at   e  about 


*Thf»  chapter  U  iakeo   from  Ganicree, 
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Beventeen  years'  friction.  The  shape  of  tlic  wearing  surface  of  tlie  toolb 
is  of  great  importance  in  cleterminiug  approacl- 
matel}^  the  fiy;e  of  the  horse.  Before 
years  tht*  eruptive  changes  and  periodic  -ip] 
ances  of  the  teeth  are  very  regular  and  valuable  in 
indicating  age.  The  foal  at  birth  indicates  the 
fast  approaching  eruption  of  the  two  central 
inctsora*  Sometimes  these  are  through  the  gum 
when  the  animal  is  foaled ;  if  not  they  appear 
within  the  first  month.  Three  molar  teeth  on 
each  side  of  both  upper  and  lower  jaws  are  proa^ 
inentf  and  in  u]iptK%ition  for  wear  at  the  same  time.' 
One  incisor  on  earh  side  of  the  two  central  ap 
pears  at  six  weeks,  and  then  time  is  allowed  for 
the  jaw  to  grow.  The  cavities  of  reserve  with 
teeth  forming  in  them  grow  liehind  the  teeth  first 
formed,  and  by  nine  months  the  comer  incisors 
appear,  and  gradually  grow  until  the  animal  is  i(| 
year  old»  when  all  the  coitus  incisors  are  in  fall 
use.  Within  one  and  two  years  of  age  little  csui 
lie  seen  beyond  a  grmhial  wearing  down  of  the 
temporary  teetii,  and  the  protrusions  through  the 
gums  of  the  fourth  mo!ar  on  each  side  of  the  two 
jaws.  At  two  years  the  worn  aspect  of  tbe 
incisors  indicates  the  approaching  displacement 
of  tbe  central  ones,  and  the  filth  molar  protrndes 

*        through  the  gums. 

Between  two  and  three  years  the  central  per- 
manent incisors  displace  the  temporary,  and  aw 
{"^--^^  readily    recognized  by  their  size,  j'ellowish  color 

of  enamel,  and  dark  infundibnlnm.  At  tliis  agift 
the  middle  incisors  are  often  knocked  out  to  nuka 
the  tiorse  look  **  three  off*'  or  *' coming  four." 
This  often  retards  their  eruption,  which  is  aUnys 
complete  at  four  years,  when  the  sixth  molar  tooth 
on  cither  side  of  both  jaws  is  also  advanced 
through  the  gum.  By  this  time  the  thr^e  teio] 
rary  molars,  or  grinders,  which  are  noticed  shi 

u  iwo  jean ;  r,  »t  ire  jwi  t  rf.  at  a  I  tc  r  b  J  rt  u ,  1 1  a  ve  g  1  ven  way  to  pe  r  m  aue  n  t 

■tn*  yaani;  *,  at  »bc»(it  nvenUwa     mi        t  ^        i  <*  i  i  \         .  , 

^^rJt"^'*^   ,    ,  A  he  lower  tushes  are  felt  through  the  raerol 

C,  Table  of  mol&r  tooth  nfhoTVA,  ^ 

or  c«ia«at  Id  j^rwiv^i. 


I 
I 


Fro.    lor— TKKTn    or 

lIoitMK.     iaurngt'ej 

A.  LanirtiaddLnJ  foetifm  nf  per^ 
mftnent  tn^lnur  of  honw  ■hortly 
»ft*r  eniptlnn. 

a.  IriMiitrerM  w^toiu  of  per- 
iD>B»ni  iniHior  of  borai,  ■hnwinfr 
ttie  w%y  tha  Ubte  baoonM  trlnnicii 
tar  from  w«ar. 


between  the  corner  and    first   molar   as  early 


three  years  of  age,  hut  they  only  appear  aliove  jd  i 
between  four  and  live.     It  is  at  this  age  that  the  hornets  mouth  becomes  \ 
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fully  furnished,  Jind  by  five  the  whole  of  the  incisors  arc  in  full  wear, 
and  indicate  the  extent  to  which  they  have  been  worn  proportionate  io 
the  period  since  their  eruptioiu  The  central  incisors  then  appear  as 
shown  in  b,  Fig,  101,  B,  whereas  the  corner  teeth,  having  just  protruded, 
are  shelly,  as  shown  in  a. 

At  six  the  cent  nil  incisors  lose  their  mark ;  at  seven  this  occws 
with  the  raiddle  one,  and  at  eight  all  the  infundibnla  are  worn  oat,  and 
the  i>late  of  the  tooth  in  clean  and  only  very  slightly  marked  in  the 
corner  teeth.  Beyond  this  iH-Tiod  the  horse  is  stated  to  be  aged.  The 
incisors  protrude  straighter  frani  the  receding  jaw;   the  teeth  bei^onw 

narrower,  and  their  wearing  surface  b«fet»me« 
triangular,  as  seen  at  e,  d,  and  e.  Fig.  101^  B* 
This  distinguishes  the  oM  animaL 

The  taljle  on  tlie  preceding  page,  takrn 
from  the  **  Encyclopadie  der  gessammten 
Thierheilkunde,**  indicates  the  wear  of  the  In- 
cisors of  the  horse  at  difl'erent  ages  ( Fig.  102). 
Dentition  in  the  Qjr. — The  incisor  teetliof 
the  lower  jaw  of  the  ox  are  &imi>le,  and  eiglit 
in  numhcr  (Fig.  KI3)»  From  the  i»eriad«of  f 
eruption  of  lx»th  teuiporarv  ancl  jjeruiaiient  j 
^  teetii  being  refjular^  the    latter  l»eing  «)»»eli| 

Fro.  im-LfixorrFDnrAL  Bmo^    the  broader,  the  age  of  the  animal  is  remlilj  I 
HvmyA^'iEU^ni^ll™  ""    determined.    Further,  the  sharp  teeth  lK»rx>m' 

more  and  more  Idnnt  and  narrow,  until  in  old- 
cattle  they  are  reduced  to  very  small  t^tampkl 
The  wear  of  the  incisors  connuenees  on  the  free  border,  buth  inthedwW* 
nous  and  permanent  teeth,  the  enamel  being  worn  gradually  from  lli« 
table  of  the  tootli,  from  the  anterior  bonier  posteriorly*  thedenliae  Wa^^ 
exposed  in  zigzag  lines,  which  at  the  sides  extend  further  townnl  ttie 
neek  uf  the  teeth  than  in  the  raiddle.  When  the  enamel  is  all  gone  from 
the  table  of  the  incisors  (after  the  tenth  year),  the  entire  crowns  of  tk 
teeth  wear  down  until,  in  extreme  age,  only  the  nec»ka  are  left.  Tbt 
following  table  gives  the  succession  of  changes  in  the  ox  i — 


Table  of  Kaki.y  Averagk 


No.  of  Teeth. 


9  ;2pernianeatinci»or9 

3  4       ■  » 

9  6 

3  8 


Tatilk  of  Latk  Avkraok 


3 

9 
3      3 

3       M 


No.  of  Teeilu 


2  |)«rmftDeat  incidom 
4 

6 


OTllAltD. 

Tablk  of  Latk  AvrramI 


i 


2H  Year»^ 

(ABrtxMl  InclMpn-) 


4  Yeftm 

(8  Brockl  Ititiflora.) 


Over  7  Yf«n^ 


Tig.  l(>t— CHAIVOES  FBOM  AGE  IN  THE  LvrisoH  T£RTB  OF  TH£  SHERP.    r FiXcAmi) 

Teeth  of  Camimra, — All  the  enrni%'ora  have  shiiple  teeth;  lA 
covered  entirely  over  the  crown  by  white  enamel.  There  tire  three  pairs 
of  incisors,  one  jiuir  of  caninen,  and  a  eertaiii  numljer  of  molars.  It  ii 
the  last  preinolurs,  or  the  first  true  nit>lfirs,  wlijcli  are  einpIoye<1  in  dirir- 
ing  flesh;  they  are  prominent  and  sharp,  Bfjhind  these,  especially  in  ti»i! 
dog,  the  teeth  are  armed  with  r<mnd  tubercles  on  their  snrffiee,  dcatimul 
for  crush  in  fj  or  grinding  action,  and  in  breakinjj:  bones  or  g^nawiug  lonij 
g^rass  the  dog  may  be  seen  to  push  the  substiuice  between  tLes«  \»ck 
molar  teeth. 

Dentition  in  Dog, — 

Incisors  -  ;  canines  — ;  molars  —  =  4$. 
e  Ul  7  7 

The  dog  is  born  with  his  eyes  shut;  they  open  on  the  tenth  or  Cdccnth 
day  after  birtlu  The  whole  of  the  milk-teeth  are  usually  cut  t\w%*'^ 
very  shortly  after.  Between  two  find  four  montlis  the  central  inci><J^ 
and  often  oven  the  middle  ones  of  both  upper  and  lower  jaws  (ln»pf>«l. 
and  spe€*dily  the  whole  of  the  pennunent  teeth  are  fully  developed, m 
as  to  complete  the  mouth  by  eijjrht  niontlis. 

The   inferior  incisors  begin   to   wear  by  fifteen  months.     Fiji,  l^ 
shows  the  milk-teeth  in  a  puppy  two  or  three  months  ohi ;  Fi^r.  101  *"• 
year-old  dog.      At  eighteen  months,  or  two  years,  the  inferior  cenlw 
incisors  are  much  worn,  aiid  ticiwecn  two  find  three   years  the  nii'^' 
ones  also  (Fig,  108 j ;  the  worn  incisors  hear  a  striking  contmst  lo 
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:  teeth,  as  seen  in  Fig.  lOT,  where  the  edge  or  l>order  of  the  taotb 
is  divided  into  three  IoIx^k,  of  which  tlie  most  prominent  constitiUes  the 
)x»int  of  the  tootli.  Between  three  and  four  years  the  upper  eentral 
iRcigors  are  worn,  and  between  four  mid  five  the  whole  give  imlicHtions 
of  much  use  (Figs.  109  ami  110).  BeyoiKl  thia  age  the  teeth  are  very 
uncertain.  The  bliiritness  and  yellow  color  of  the  tuaks  and  other 
teeth  otfer  the  best  signs  of  increasing  age. 


^k    A. 


|v»  -u^ 


FlCS,    KM.-'MILK-TEETM  tX     A    VVTVX 
3  on  3  Mm.\TU9  Ui.I».     (Uamgee^i 


«f>4^4 


'fipy'^ 


Fio.  ItJT.— Dentition  in  a   "i  kaklh^jj  DoO* 
{Uamgee.) 


FlO.  lOS  — DEinTnoN  IN  A  Twto-YkaR'Ouj  Doo.    (Gamgee.) 


^lO.  JfO  ^pK^CTITTn.V   l?C   Dog  BKTW151tN 


Fio.  110— Dentition  tx  Dog  4  oRSYxAiia  or 
AOE.    {Gamgee  ) 


DenHUon  in  (he  Pig.— The  pig  is  bom  with  eight  teeth,  which  are 
t'vt.it  incisors  and  ftetal  tusks.  At  one  month  four  incisors  are  cut, 
UjiiiU-n  tliree  temporary  mohir**  on  either  side  of  each  jaw.  Two  more 
^tinpjrary  incisors  are  added  to  each  jaw  at  three  months,  and  all  the 
milk-teetli  are  then  in  position.  The  jaws  and  teeth  grow,  and  at  six 
JJn^nths  in  most  animals,  but  not  iu  all,  a  small  tooth  comes  up  on  eitlier 
tiile  of  the  lower  jaw,  behind  the  temporary  tusks,  between  them  and  the 
I»olara,  and  in  the  upper  jaw  directly  in  front  of  the  molars.  Thene 
mtetaken  for  tusks.      The   fourth   molar   in    position 


I 


appears  tlirougli  the  gum  nlso  at  nix  months.  The  comer  iBcisors  are 
displaced  and  j>crmanent  ones  cut  at  nine  months.  The  permanent  tusks 
are  ako  cut  at  this  period,  as  well  as  the  fifth  molar  on  either  side  of 
each  jaw.  At  one  3  ear  the  middle  incisors  are  elianged  and  the  tasks 
appear  of  considerahle  sixc^  Tbe  deciduous  molars  are  likewise  slied  ut 
one  3'car  and  succeeded  by  permanent*  At  eighteen  months  the  denti- 
tion of  the  pig  is  completed  by  the  cutting  of  tlie  lateral  InciBorsand  the 
last  or  sixth  molar.  The  succession  of  teeth  in  the  pig  is  shown  in  the 
IVillowing  table : — 


At 

One  Montb* 

Three 
Munilia, 

mm 

Monica. 

Twelve 

ElKfatMl 

mum. 

Tftm|>or&rj  inciiorfft 
PeriQftneal  iacttoiti, 

Permanent  tuaki,    . 

4 
4 

i 

4 
4 

4omtTal 

4 
4 

8  cwitral 
ftad  IftUsrul. 

«i       * 

H   centrd 
and  iateml. 

4  corner. 
4  (futlin^). 

4  kfrnul. 

5  centm] 

4 

i 

Tc^iJ  in  both  jaws. 

'12 

16 

m 

16 

16 

Other  Signs  of  Age  in  Dome^fic  Animal 9, — In  homed  animjils  the 
horns  grow  annually  a  certain  length,  and  this  is  shoM^i  by  tKe  upprtr^ 
ance  of  an  extra  ring  every  year  at  the  root  of  the  horn.  For  the  first 
two  years  the  rings  are  so  indistinct  that,  in  calculating  the  age  in  an 
animal  Ave  or  si3c  years  old,  the  first  ring  indicates  a  three-^^ears' growtht 
so  that  an  animal  with  six  rings  must  Ije  regarded  as  eight  years  old. 

Fraud  luiiy  lie  practiced  to  destroy  the  marks  ©rage.  Angularity  of 
form,  sharpness  oT  bones  and  gray  hair  are  not  easily  disguised,  but  ti«tfc 
can  Ije  filed  and  marked  and  horns  scmpet!.  Making  false  marks  on  teeti 
is  called  *M>ishoping."  Gray  hairs  maybe  painted,  called  "  gypping-"^ 
In  old  liorses  the  remarkable  depressions  Ijehind  the  orbits  are  mm^ 
times  pricked  and  blown  up  witli  air;  thi^  is  called  **putiing  the  glyni-" 

Some  of  the  abnormal  conditions  of  the  teeth  are  the  persistence  of 
tem|x>rary  teeth,  so  that  twelve  incisors  may  be  present  in  the  lower  j»«» 
or  the  permanent  teeth  may  fail  to  develop.  One  or  more  teeth  may  be 
absent,  from  removal  or  from  faulty  development. 

In  the  following  table  the  order  of  dentition  of  the  domestic  animafe 
is  recapitulated ; — 
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PHYSrOLOGT  OF  THE  DOMESTIC  AKIMALS, 

o.  1     ;  TONGUE,  UPS,  and  ciikeks  are  accessory  organs  of  mastleatiaiir 

nnd  net  by  niaiutiuiiing  the  food  in  its  position  between  the  teetli,  Ju 
niauy  animub,  particularly  tlie  horse,  as  already  inentioned,  tht>  lipsliave 
a  bigh  degree  of  piehensile  power,  and  when  the  upper  lip  is  psLmlyzL'd* 
as  by  section  of  its  motor  ner%e,  prehension  of  food  in  the  horse  is 
impossible.  When  the  lips  and  cheeks  are  paralyzed,  again,  even  in 
animals  in  whieii  these  organs  do  not  serve  for  prehensile  purposes,  laii*- 
tieation  is  imi>ossible,  or  at  least  rendered  extremely  ditlicult,  from  tht* 
fact  that  their  loss  of  motor  power  prevents  their  keeping  the  faotl 
between  the  teeth;  tlieir  loss  of  sensibility  prevents  the  deterniinatitjn 
as  to  when  the  food  haj5  acquired  the  projier  degree  of  comminution,  m4 
tiicir   Insensihil  *  uns  avoiding   being   themeeh'«« 

lacerated  by  the  u  ''  applies  to  the  oct.-urrenee  of  mst^ 

tieation  between  Inr  i  e,  when  the  bnccinatur  mufedt^ 

are  paralyzed,  thr^ii^o  paralysis  u[  facial  nerve  ( seventh  imir),lk 

fnofi  cfjUects  in  the  pouches  foruif^i      y  ihe  relaxed  cheeks,  and  eaiuiat  Jjt 
properly  masticated.     The  sensi  of  the  lips  and  check  Is  derivd 

from  the  fifth  pair  of  nerves. 

The  tongue  is  also  an  important  organ  of  mastication  ;  it  serves  In 
Si  large  group  of  animals  for  the  prehension  of  Bolids  and  liquids  j  it  ts 
of  great  impoi'tance  in  starting  the  process  of  deglutition,  and  in  waw  it 
is  one  of  the  principal  organs  of  articulation.     By  its  high  degree  of 
BcnsibiHty  it  aids  in  mastication  in  determining  the  degree  of  fomniinii- 
tion  of  the  food,  and  in  keeping  tlie  pirticles  of  food  l>etween  thetiffth 
during  their  mastication ;  its  mobility  enables  it  to  act  as  a  sort  of  liRH*^! 
in  the  necessar}^  movements  of  the  bolus  of  food  in  the  month*    l^ 
muscles  are  stHjwd  and  voluntary  in  nature  and  nrmnged  in  four  ^ViiTeml 
layers  ;  an  up[K'r  and  lower  layer,  passing  from  the  nx>t  to  the  tip  of  ik 
tougne,  and  an  upiier  and  lower  oblique  layer.    These  muscles  form  ^ 
complicatcfl  net-work  of  fd>res  which,  by  varying  degrees  of  |>artmlcftn- 
traction,  permit  not  only  changes  in  the  shape  of  the  tongue,  but  bI^>" 
its  position  within  and  withotit  the  mouth.     The  extension  of  tlie  toii|fi« 
m  aceomplished  by  the  muscles  passing  from  the  chin  to  the  body  of  tb« 
organ,  the  genitJ-glossus  muscles.    The  retraction  of  the  tongue  ia  fireow- 
pUshed  by  means  of  the  muscles  arising  from  the  hyoid  bone  and  slylo''^ 
process, ^t be  hyo-  and  stylo-glossus  muscles, — and  by  the  lougitiidf^^l 
lilires  in  the  body  of  the  tongue.     The  different  alterations  in  shniN'of 
the  tongue  are  accomplislied  by  the  contraction  of  its  intrinsic  md'^clt''^ 
Thus,  when  the  upper  longitudinal  fibres  of  the  tongue  contract  thetf 
of  the  tongue  is  elevated.    When  those  of  the  inferior  layer  contntfttJ^ 
tip  of  tlic  tongue  is  deprcssetl,  and  by  contraction  of  the  nppt^f  ol>lu!"^ 
layers  the  tip  of  the  tongue  is  formed  into  the  spoon  8ha|)e  which  is 
useful  in  the  prehension  of  liquids  in  the  cat  tribe.     The  motor  pov 
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^  ilie  ton^e  is  derive<i  from  the  hypoglossnl  nenx;  its  sensation  is 

|ienve<!  from  the  liiitruiil  linitich  oT  the  fittli  nerve  aiitl  the  glosfto-|*i»nryii- 
ai,  iKJtb  of  the^e  nervoi^  heing  also  cuncernetl  In  the  speemi  sense  of 

We  see  from  the  al>ove  that  the  act  of  iiiaHtieatioii  clitTers  very  tlecitl- 
edly  in  nature  aeeoriUng  to  the  ty|»e  of  organizatiou  of  tbe  nniiual^  and 
K'bar&ctei^s  result  from  the  eouligiiration  of  the  jaws,  the  jtlay  of  the 
u*ck*8,  ami  the  form  of  the  teeth,  Thu»,  we  find  that  the  movements 
'  maslicalion  in  caniivoroiia  animals  are  re.strk-ted  to  a  simple  eleva- 
.  depi*es%ion  of  the  lower  jaw,  this  mode  of  mantieation  being 
ient  upon  the  mode  of  artieiilation  of  the  lower  with  the  upper  jaw 
iflci  llie  overlapping  of  the  upjK'r  molar  and  canine  tec^th.  Mnstieation, 
ihertfore,  in  thc-^e  animals  is  reduced  simply  to  a  process  of  section, 
lace mtiuii^  and  crushing.  The  incisor  teeth  have  Imt  slight  functional  im- 
|Mjri&iiee,  and  are  confined  in  tlieir  aetioij  to  cutting,  Tlie  canine  teeth 
»re  the  principal  organs  of  mastication,  anri  ext-rt  a  Inceratinjr  or  tearing 
fuiK'tion,  wlnie  the  molai-s  arc  crushing  in  function  and,  from  the  fact 
timt  they  are  hijfhly  tnL>erculated  on  their  free  crown  surface,  no  process 
al  »ll  nnalogons  to  grinding  can  occur  between  tliera.  When  in  these 
aiitnmls  hones  are  cruKhed,  such  an  operation  only  occurs  on  ime  side  at 
a  time.  In  animals  of  the  cat  tril>e,  from  the  highly  pointed  character 
of  tlieir  n»olur  teeth,  crushing  of  hard  articles  of  food  is  performed  with 
greater  dillictdl^*  tlian  in  animals  in  whom  the  molar  teeth  have  a  more 
^  Unuti  tulM^rculated  crown.  Thus,  animals  allied  to  the  dog  can  more 
'Uglily  crush  bones  than  the  cat  trit»e.  When  the  molar  teeth  arc 
Toujcht  into  play,  as  in  crushing  a  bone,  the  substance  is  usuully  lixed 
Ibe  fore  paws,  while  the  flesh  is  torn  from  the  liones  by  the  canine 
?tb»And  then  the  Iwnes  are  <lrawn  between  the  molar  teeth  by  the  action 
Oflbc  tontrue,  the  lips  being  loose  and  pendulous  and  emdiling  the  nioulh 
tw}»eo|)eue«I  back  beyond  the  level  of  the  molur  teeth:  so  that,  therefore, 
eTt'n  lar^ze  bones  may  partly  Ik*  placcKl  between  the  molar  teeth,  while  the 
lt!raaiu<ler  remains  without  the  mt>nth.  Crushing  is  then  accomplished 
by  ]X)werful  contractions  of  the  temporal  and  niassetcr  nuiseles  on  one 
sitJeof  the  jaw  at  a  time,  and  are  accompanied  by  motions  of  tlie  head 
on  tbe  side  on  which  mastication  is  tfiking  place,  and  usually  hy  the 
c'ostire  of  the  eye  on  the  side  in  wbieh  this  operation  occurs. 

In  the  berbivoi-a  the  movements  of  mastication  are  much  more  eom- 
Plicnted,  ami,  as  we  find,  differ  in  nature,  the  most  marked  extremes 
'^•R^  found  in  the  rodents  and  the  ruminants.  In  all  herbivora  the 
lower  jaw  is  always  the  narrower,  and  therefore  botli  siiles  eaunot  act  at 
<*DOe,  The  jaw  is  longer,  less  powerful,  and  we  find  among  the  her- 
kivora  diffcrciices  in  the  series  of  movements  for  the  necessary  com- 
pile comminution  of  the  food  with  which  these  animals  are  sustained. 
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A  cut  ting  motion  is  reqiiired,  fulfilled  by  the  ificisor  teetb,  which  art 
consequentlj  most  highly  <levcloj>ed  in  the  rodents;  and  a  grindiug 
motion,  accomplished  hy  tlie  molars.  As  we  linve  already  found,  the 
lower  jaw  is  capable  not  only  of  elevation  and  depression,  but  also  of 
advancement^  retraction,  nnd  rotation,  and  all  these  motions  are  required 
ill  the  miistieation  of  fooil  l>y  the  lierbivora.  This  motion  is  unihiteral, 
and  may  occur  continuously  on  one  side  for  fifteen  minutes,  and  them 
alternate  to  the  opposite  molars,  and  we  shall  find  that  the  se<.*retion  of 
the  parotid  salivary  gland  coinriides  with  the  side  on  which  masticatioif 
is  taking  place.  This  peeidiarity  of  secretion  is  seen  in  all  ruminants 
and  most  hcrbivora,  and  has  been  even  claimed  to  take  i>lftce  in  man* 

The  duration  of  mastication  depends  upon  the  natural  |:n'o*>P  ta 
which  the  animal  belongs,  on  its  age,  and  therefore  the  condition  of  ita 
teeth,  and  the  character  of  its  food.  Carnivora  require  but  slight  nms- 
tication  of  tlieir  food,  and,  in  fact,  mastication,  as  seen  in  the  herblvora, 
may  in  them  be  said  to  be  entirelv  al)sent,  the  movements  of  mastication 
in  carnivora  being  simply  confined  to  tearing  the  food  into  pieces  small 
enough  to  be  swallowed.  The  berbivora,  from  the  nature  of  their  food, 
need  a  longer  time  for  reducing  it  to  a  condition  of  fine  comminution, 
and  we  find  among  the  hertiivora  dilferences  in  the  duration  of  mastica- 
tion, according  as  the  animala  arc  ruminant  or  non-ruminant»  The  non- 
ruminant  anijuals,  such  as  the  horse,  chew  their  food  thoroughly  and 
once  for  all.  It  has  been  estimated  liy  Colin  that  a  horse  will  require  one 
and  oue-fourtb  hours  for  the  mastication  of  lour  pounds  of  dry  hay,  and 
of  this  amount  ivill  make  sixty  to  sixty -five  bohises,  and,  accordingly, 
sixty  to  sixty-five  motions  of  deglutition,  while  the  rate  of  ntastieation 
will  be  about  seventy  to  eighty  strokes  of  the  teeth  per  minute.  If  anv- 
thing  interferes  with  the  secretion  of  saliva  the  dunition  of  mastication 
will  Ixi  very  much  prolonged.  One  of  the  main  objects  of  mastication 
in  the  hcrbivora  is  to  aid  in  the  maceration  of  the  food.  Where,  as  in 
the  solipede,  the  food  must  be  thoroughly  macerated  and  comminuted 
before  reaching  the  stomach,  the  duration  of  mastication  will  naturally 
be  much  longer  than  in  the  ruminant,  ivhere  the  food  is  sini|ily  subjected 
to  a  few  strokes  of  the  teetli  and  then  swidlowed,  to  then  imdergo  pro- 
longed maceration  in  the  rumen  of  these  animals,  and  to  be  again 
^idijeete*l  to  a  second  mastication  in  tlie  moulh.  In  both  animals, 
although  in  a  more  marked  degree  in  tlie  horse,  suppression  or  inter- 
ference with  the  flow  of  saliva  will  prolong  mastication;  again,  the  drier 
the  food  the  greater  will  be  the  amount  of  mastication  necessary  before 
the  food  can  lie  comminuted  and  maeerated  sufficiently  to  l>e  swallowetl. 
Therefore,  grazing  animals  will  require  a  less  degree  of  mastication  of 
their  food  than  those  which  are  fed  on  grains  or  dry  fodder.  In  the 
ruminant  the  first  mastication  is  three  times  as  fast  as  the  mastication 
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I  the  horse  for  the  same  amount  of  food,  while  the  Becond  mnstlcntion 

I  pFaportionately  kngthciied.     As  the  teeth  Ix^come  worn  awsiy^  niasti- 

reition  l>ecomes  more  and  more  dillk-ult,  and  proportionately  more  and 

more  prolonged.     In  the  horse  the  molar  teeth  are  used  up  faster  than 

the  incisors,  and  it  it  were  not  for  the  fact  that  the  incisors  Iteoome  more 

Jid  more   horizontal,  the  molar  teeth  con  hi  no  longer  come  in  appo- 

tion.    The  inSnence  of  the  secretion  of  saJiva  on  mastication  has  been 

ftermined  by  Colin  experimentally,  hy  nmking-  a  fisstnla  of  the  duct  of 

he  parotid  glands  and  allowing  the  saliva  to  escape  externally  from  the 

mouth.    His  results  are  shown  in  the  following  table : — 


All  thk  Saltva 

Baliva 

OF  ONK            ' 

Salfv'a  of  Bom 

PaCHEi}  INTO  Moi;th. 

Pabotii>  £bcafi:(o.    • 

PAUOTllJli  t^APlMO^ 

Dimttoii  of 
of  One 

BolUA. 

No,  of 

BtrnkeM  of 

Teeth. 

Duration  of 
Moffticatum. 

No.  of 

Stroke*  of  ! 

Teetli. 

Duration  of 
MjuftlcaUtiat, 

No.  of 

Htroki^  nf 

Teetb. 

ta  . 

35  Seconds. 

39 

30  Seconds. 

83 

45  Secoods, 

38 

■    2 

33      - 

42        ' 

29       *' 

30 

43     * 

47 

H    3 

25      " 

31 

37      " 

44 

85    " 

S5 

H_^ 

27      " 

36 

33      " 

36 

80    •* 

79 

^■i 

30      '* 

39 

47      *' 

42 

116    " 

114 

^v 

35      " 

41 

45      *' 

38 

60    •' 

ea 

^^ 

25      " 

37 

23      " 

33 

no  " 

101 

■    « 

25      *• 

34 

33      - 

36 

95    *■ 

95 

"       9 

42      " 

*    47 

1  40      *' 

45 

100    *' 

101 

10 

40      » 

40 

'25      " 

1 

30 

65    •' 

68 

As  regards  the  knportiince  of  thorough  mtistieation,  it  is  hardly 

MOessar}^  to  add  anything  further.     We  have  found  that  its  importance, 

of  course,  varies  in  accordaTiee  with  the  nature  of  tlie  foocL     C'arnivora, 

as  has  been  mentioned,  rec I ui re  niastication  simply  to  be  perfect  enough 

to  tar  their  fuo<l  into  pieces  small  enoujj^h  to  tie  swallowed,  and  in  the 

herbiTora  we  reach  the  opposite  extreme,  and  find  there  thu  group  of 

niiinuLls   in   whom  a  thorough  mastication  is  of  the  utmost  necessity. 

From  onr  considerations  of  the  nattire  of  veg:etable  foods  we  know  that 

^^ilie  nutritive  [>rinciples  of  these    foods  are  contained  within  resisting, 

^■leiuiciows  envelo[)e8.     To  enable  these  snhstances  to  he  acted  upon  by 

^■Uie  fli|Testive  juices^  and  therefore  to  l>e  absorbed » these  envelopes  must 

^■^  firn  mechaniciilly  ruptured,  and  this  in  the  herbivora  is  the  main 

^■object  of  mastication. 

Where  we  find  mastication  imperfectly  performed,  we  have,  as  an 

invariable  sequence,  imperfect  digestion,  and  we  find  tlmt  the  grasses  and 

^Bieedg,  ancl  so  on,  which  escape  mastication  pass  through  the  intestinal 

^nal  entirely  unaltered  and  are  found   in  the  excreta  unchanged,  and^  in 

tbe  case  of  seeds^  without  even  having  lost  their  power  of  germination. 
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They  are,  therefore,  perfectlj  inert  aa  regnrds  any  action  to  whicli  ihsf 
may  be  Bubjeetcd  by  the  digestive  juices.  In  the  omnivora  we  flntl 
mastication  oectipying  a  mean  as  regards  importance  between  tlie  her* 
bivora  and  the  carnivorap  Where  an  omnivorous  aainml  feeds  on  vegetable 
diet  the  performance  of  mastication  is  as  imi>ortant  as  in  the  hirrl>iv<jni; 
while  when  on  a  muat  or  animal  diet  its  importance  becomes  reduce*!  to 
the  secondary  degree  in  which  it  is  seen  in  ammals  of  a  purely  caraivo- 
rous  type*  j 

IV.  DIGESTION  IN  THE  MOUTH,  " 

The  Salivary  Secretion.— TJie  salivary  glands  appear  in  most  verte-  , 

bmtes  as  tubular  glands,  as  in  insects,  but  in  the  mollnsks  then'  take  oa  i 
the  lobuhir  form  which  chai*acteriKes  them  in  the  vertebrates.  In  bir  Is  I 
the  saiirary  ijlands  are  small  in  the  species  which  live  on  soft  animal  food  | 
(waflera  and  wel>-footed  species)\  while  they  are  larger  in  the  grauiveroua 
birds.  In  birds  the  saliva  h  mainly  to  assist  in  de|clutition  by  lubricatinj^ 
the  food  J  as  buccal  mastication  does  not  occur  in  these  animnls^  h 
certain  birds,  as  the  woDd|>ecker,  the  salivary  secretion  assists  in  Uht 
prehension  of  food.  In  tlie  lishes,  from  the  nature  of  their  food^  which 
requires  no  mastication,  we  Und  the  salivary  glands  almost  entirdy  ah»ent, 
eTcn  in  such  groups  as  the  cetaceans  which  belong  to  the  general  di- 
vision of  manmials.  Here,  also,  we  find  that  their  food  ref[uire*t  no  p!^ 
liminary  snbdi vision  before  l>eing  swatfow*ed*  As  has  been  alKiidy 
mentioned,  one  of  the  uses  of  the  saliva  is  to  assist  in  mastication  ■  wUm. 
therefore,  ma&ti cation  is  not  performed  w^e  have  in  such  animals  a  vottv- 
spondingly  rudimentary  condition  of  tlic  salivary  glands.  On  the  otlid 
hand,  in  nearly  all  animals  which  possess  buccal  or  jdiaryngcfil  tettb 
there  is  usually  a  glandular  apparatus  whose  secretion,  by  macenitinf  tlitf 
food,  is  destined  to  fticilitate  mastication  and  deglutition.  In  a  ^neral 
way  it  may  be  said  that  in  mojst  cases  w^here  there  arc  permanent  preto- 
sile  organs  salivary  glands  are  also  present  (Letourneau).  Thus*  the  At 
emits  on  the  particles  it  is  about  to  draw  in  a  brown  liquid  which  dilute* 
them.  In  reptiles  the  salivary  glands  become  very  highly  develoj>tii,tn(l 
in  certain  of  them  their  secretion  acquires  a  poisonous  chanicter*  h 
chelonians  and  saurtans  the  salivary  apparatus  consists  princijuttUy  of 
lingual  f^landrt.  In  the  chameleon  the^*  are  located  in  the  toii>Et*«  8n<t 
secrete  the  sticky  fluid  which  is  of  importance  in  their  mode  of  ]*fvhfi^ 
sion  of  food.  Their  maximum  development  is,  however,  reaeUtxl  in 
mammals,  with  the  exception  of  the  cetaceans,  as  already  allud«<l  P- 
where  the  laerymal  glands  are  also  absent,  and  is  especially  marl^ed  i" 
the  herbivora,  whose  food  requires  the  finest  comminution  in  the  T^ollO^* 
In  the  ant-catcr  the  salivary  appanttus  is  enormously  develoju^b  \^ 
glands  covering  the  fore  part  of  the  neck  and  even  extending  to  itecbes^f 
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titd  n  special  reservoir,  or  salivary  bladder,  exists  bencfitli  f  be  niouth.  Tn 
ilbepie  animals  also  the  saliva,  tbroti*]^li  its  viscidity,  assists  in  tbe  prebeii- 
•ionof  foocL  In  the  cariiivora  msistii-ation  is  iiicomplete  ;  since  the  food 
of  carnivorous  animak  contains  a  Inr^e  quantity  of  water,  tbe  Baliviiry 
|U«<Uof  these  animals  are  therefore  relatively  small,  nnd  their  function 

confined  to  tbe  prodnction  of  a  secretion  whicb  may  act  Biinjily  as  a 

ibncant  and  assist  in  deglutition.     In  the  herbivora.  on  tlie  otlier  band, 

frtim  the  necessity  for  perfect  subdi vision  required  by  their  food,  they 

^Tv  relatively  very  large.     The  salivary  glands  thus  reach  their  highest 

development  in  the  rodents,  the  pachyderms,  soliiiedes,  and  ruminants. 

Colin  has  divided  the  salivary  ghinds  into  two  different  types.  Tbe 
anterior  system,  or  the  nincoijs  type,  which  empty  their  secretions  into 
the  mouth  in  the  neighl>orJiood  of  the  incisor  teeth,  comprise  the 
submaxillary  and  sublingual  glands;  these  glands  are  most  ^leveloped 
in  caniivora  atid  in  aquatic  animals,  whose  food  must  l»e  lubricated  for 
dpjtutition,  but  not  niasticated.  The  posterior  system,  or  serous  ty|>e^ 
which  em|»ty  their  secretions  into  the  month  near  the  mohir  teeth,  are 
most  develo|>ed  in  animals  whose  food  requires  thorough  mastication,  as 
in  the  herbivora,  nnd  especially  in  n<in-runiinants.  The  purotid  is  the 
type  of  ihi^  system.  The  glands  which  form  th(?Be  two  systems  are  not 
all  developed  in  the  same  proportion.  Thus,  in  the  anterior  system, 
com|H>?4i»<l  of  the  submaxillarv,  sublingiitd,  and  the  gland  of  Nu<'k,  the  8iil> 
lin^niiii  nmy  lj>e  very  small  and  the  submaxilL'uy  very  large,  the  former 
beiuor  rudimentary  in  the  dog.  Agiiin,  the}-  arc  nidi  men  tary  in  the 
tlmme<lary,  and  are  extremely  highly  developed  in  t!ie  ox.  Again,  as 
n?ganl8  the  posterior  system,  in  the  horse  the  parotids  are  enormous, 
while  tlje  submaxillary  glands  are  rudimentary.  In  the  ox  the  reverse  is 
Ibecaae.  In  herbivorous  animals  these  glands  have  their  largest  volume, 
livit  there  is  no  relative  pro[Torti(»n  between  the  volume  of  the  glands  and 
tile  volume  of  the  secretion  which  they  proiluee.  Thus,  in  the  ox  the 
▼eight  of  the  salivary  glands  will  amount  on  an  average  to  six  hundred 
and  twenty-four  grammes;  the  horse  to  five  hundred  and  nine  grammes; 
tbe  pip,  tliree  hundred  and  five;  sheep,  eighty-three;  dog,  twi*nty-five; 
ind  the  eat,  ten.  The  parotid  is  the  largest  stdivary  gland  in  all  animals 
'^^tb  the  exception  of  the  dog,  and  here  the  submaxillary  gland  is  the 

12;<*st.    In  the  pig,  ox,  and  sheep  the  sublingual  glands  are  sometimes 
'*^uble,  the  one  part  emptying  its  secretion  by  a  long  duct  ojjening  at 
lln  at  the  side  of  the  fnennm  of  the  tongue,  the  other  by  a  num- 
of  ecjiled  ducts  at  the  side  of  the  floor  of  tlie  mouth. 
In  addition  to  these  large  salivary  glands  the  Ihiid  in  the  mouth  is 
*lso  ptuired  out  by  glands  located  in  its  mucous  membrane,  forming 
wt  80-called    buccal,  lingual,   palatine,  and    pharyngeal    gifinds.      The 
f^tion  formed  by  all  these  glands  combined  is  termed  mixed  saliva. 
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It  is  evident  from  tlie  varied  sources  of  the  liuccjil  fluid  tlmt  t^€ 
sfiliva  is   by   no  mi^uiis  a   homoLTi'iieuus    iiiiid.      If  collected    from   tlie 
mouth  by  expectonitioii,  or  in  Ibe  lowt-r  luiinmk  hy  holding  the  mouth 
open  and  stimulating  the  suii'ace  of  the  tongue  and  the  cheeks  by  any 
sapid  substance,  as   by  the  vapor  of  ether  or  acetic  acid^  or  even  me- 
chanically, the  tbtid  iiourcii  out  will  be  found  to  lie  opalescent  or  more 
or  less   turbulent,  with   a  decided    fruth  on  its  surface,  from  the  air- 
bubbles  retained  througli  its  Tiscidity,  rvnd  when  allowed  to  stand  hi  a 
glass  Will  deposit  a  sediment  of  e{>ithelinl  cells  and  the  so-called  salivary 
corpuscles.     It  w^ill,  therefore,  form   three  dillerent  layers;   the  lower 
one  composed  of  this  deposited  sediment ;  t!ie  middle,  of  a  clear,  though 
opah'scent,  watery  tin  id  ;  while  the  uppennoi^t  hiyer  will  be  more  or  le!»s 
frothy.     Where  a  specimen  of  saliva  remains  standing  for  two  or  three 
days  exposc<l  to  the  air  the  froth  will  disj^ipcar^  and  its  place  be  t,ikeu 
by  a  thin  pellicle  of  carljonate  of  linje,     Wlien  tiltered,  saliva  forms  a 
watery  fluid   with  alkaline  reaction.     Occasicinally,  wlicre  it  appears  to 
have  an  acid  reaction,  the  acidity  is  due  to  the  fermentation  of  some 
retained  fnipfineuts  of  food  in  the  mouth,  as  occurs  after  prolonged  fast- 
ing in  dial^^teH  and  otlicr  pathi)lo|:;:ieal  ciuiditions;  the  secretii^n  of  the 
salivary  jrlaiad  is  invariably  alkaline.     Freriebs  states  that  0.15  pramme 
sulphuric  acid  is  necessary  to  neutralize  the  alkalinity  of  liumau  saliva  ■ 
collected  duriuj:  smokiuj^. 

The  s[K'eiflc  gravity  of  mixed  saliva  varies  somewhat  in  diflerent 
animals.  It  1ms  been  phiced  at  10iU,5  in  the  liorse  ;  1010.2  in  the  pig; 
1010  in  the  cow;  1007.1  in  the  do^x;  and  from  1002  to  lOOfJ  in  man. 
Deprivatitm  of  water  is  said  to  cause  the  saliva  to  ac«|uii'e  a  hi*iher 
s  pec  i  lie 
or  1005 
of  water  for  twelve  hours. 

The  arnouut  of  saliva  varies  verj^  largely  according  to  a  number  of 
different  conditions.  Colin  places  the  average  daily  secretion  of  saliva 
in  the  hor?ie  at  eighty -four  pounds,  and  in  the  ox  at  one  hundre<l  and  two 
pcKindK  ;  while  in  the  dog  Jaeiibowitscli  ol)tained  in  a  hour  4S*.I9  grammes 
of  parotid  saliva,  38.94  of  subniaxiNary  and  24.84  of  sublingual  sidiva. 
We  will,  however,  again  return  to  the  volume  of  saliva  and  the  different 
conditious  moilifying  the  rapidity  of  secretion  w^hcn  we  come  to  con- 
sider the  secretion  of  the  separate  glands.  ^ 

When  examinetl  under  the  microscope  mixed  saliva  is  found  to  coikI 
tain  numerous  epithelial  cells  from  the  cavity  of  the  month,  often  di'bru 
of  food,  inorganic  particles  of  tartar  from  the  teeth,  various  forms  of 
minute  bacterial  organisms,  and  the  so-called  salivary  cor|)us€les.  The 
latter  closely  resemble  white  blood-cells  in  n|ipearance,  Imtare  Hitniewhat 
larger,  and  are  nucleated  protoplasmic   cells  without  a  cell^membraneb 


nuon  oi   waier  is  saui  to  cause  me   saiiva  to  ac«|Uii'e  a  nigner 
J  gravity;  tlius»  in  the  horse  the  normal  specific  gravity  of  1004.5  A 
>j  may  be  raised  to  1007.4  after  the  animals  have  been  deprived 
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When  placed  on  the  warm  stage  of  the  microscope  they  may  oflen  be 
Been  to  be  the  seat  of  amoeboid  movement,  and  to  contain  numerous 
gitnules  which  exhibit  the  Browhian  movement. 

Tlie  chemical  composition  of  the  mixed  saliva  varies  somewhat  in 
different  animals.  The  solids  are  epithelium  and  mucin,  ptyalin,  scruni- 
albomen  and  globulin,  aud  salts.  The  following  table  represents  some 
of  the  ditferent  analyses  which  have  been  made  of  this  secretion  in 
different  domestic  animals.  According  to  Lassaigne,  mixed  saliva  con- 
tiins  as  follows : — 

Water, 9«2.00 

MncuB  and  albumen 2.00 

Alkaline  carbonates 1.08 

Alkaline  chlorides 4.$)2 

Alkaline  phospliaies  and  phosphate  of  lime,    .  traces. 

1000.00 
CavD, 

Water 990.74 

Mucus  and  albumen, 0.44 

Alkaline  carbonates .838  00 

Alkaline  chhmdes,      .        .        .        *.        .     '  .        .  2.85 

Alkaline  phosphates, 2.49 

Phosphate  of  liuie, 0.10 


Water. 

Mucus  and  albumen, 
Alkaline  carlx mates, 
Alkaline  pliospliates. 
Alkaline  cliloriiles, 
Pliosphate  t>t'  lime, 


1000.00 
Sheep, 

989.00 
1.00 

3.00 

l.(H) 

(J.OO 

tnices. 


KK.O  00 
Man. 

Water OOo.lO 

Solids. 4.H4 

Mucus  and  epithelium, 1.02 

Soluble  orpinic  matter 1.1^4 

Sulpho-cyanide  of  potassium 0.06 

Inorganic  salts, 1.82 

Dog. 

Water 980.6 

Solids 10.3 

Soluble  or*ranic  matter 3.58 

Inorganic  salts 6.79 

The  following  represents  ^he  (iiiiintitative  composition  of  the  ash 
^^  the  saliva  of  man  and  the  dog  ( Jiicubowitsch)  : — 

Man.  I^^ff. 

Salts 1.H2  6.79 

Phosphoric  acid 0  51>  ^  q.^ 

Sodium, 0.43^  "•'^" 

Lime 0  03  >  ^ -- 

Magnesium 0.(H  ^ 

Alkaline  chlorides 0.84  5.82 
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The  salts  consist  mainly  of  phosphates  of  sodium,  potassium  mn 
mfii^nusiuni,  aud  tilkaline  fhlorides.  One  of  the  most  remarkaUe  coim 
stitucntH  of  the  s^aliva  is  tlie  Hiilphocyanide  of  potassium  whicli  is  fouu( 
in  small  amounts  in  many  but  not  in  all  salivary  st^cretions.  TrevininiH 
in  18U  first  made  the  observation  that  when  saliva  is  mixe<l  with  a  sola* 
tion  of  oxide  or  chloride  of  iron  and  hydrochlorie  aeid  a  bright-red 
coloration  is  productMl,  ivhieh  was  rcco|Jcnized  by  (Jmclin  to  def^end  uiKii 
the  presence  of  the  sulphocyaiiide  of  potassium.  It  is  said  by  Gmclii 
to  be  prest*nt  in  largest  amouut  in  the  saliva  of  the  dog  ;  it  is  almost  coi 
stantly  present  in  the  saliva  of  niim  and  in  the  saliva  of  the  horse, 
probably,  however,  may  be  detected  in  the  saliva  of  all  aniinals  by  di) 
tilling  the  saliva  with  phosphoric  acid  and  catching  the  tirst  drops 
pass  over  on  filtt'r-pa[icr  treated  with  dilute  hydrochloric  acid  and  ferrii 
cliloride,  and  then  dried.  Its  iiresence  may  also  be  recogiiizcil  by  th€e 
fact  that  paper,  impregnated  with  tincture  of  guaiacum  and  then  dried, 
with  an  almost  colorless  solution  of  sulphate  of  eofiper,  is  colored  bl«<^ 
!>V  the  sidiva.  The  reaction  by  which  potassium  sult»hocyanidc  is  recog« 
iiized — that  is,  the  red  color  which  it  forms  with  an  iron  salt— is  possesses 
also  by  meconic  acid  j  the  two  sulistances  may  be  distin'iuislied,  hon 
ever,  iu  a  very  simple  manner.  If  a  few  dro|m  of  a  solution  of  inercurii 
chloride,  or  if  a  few  mercuric  chloride  crystals,  are  added  to  saliva  wkicl 
has  lieen  colored  red  by  the  percldoride  of  iron,  the  color  is  at  once  did 
charged.  When,  however,  the  red  color  is  due  to  the  pres^'iiee  ol 
i!K'e<)uic  aci<l  and  an  iron  salt,  the  red  coloratiou  is  permanent,  ev< 
after  the  addition  of  corrosive  sublimate. 

The  origin  of  this  salt  is  not  known,  although  the  majority  ol 
autlioiitirs  seem  to  attribute  its  |»rcscncf  to  a  spontaneous  decompa| 
sition  of  the  saliva,  since  saliva  which  has  l»een  stan<ling  for  some  ti 
will  give  the  reaction  in  a  more  markeil  degree  than  when  entirely  fresh 
This  view  is  still  further  strengtheni^d  by  the  fact,  determined  by  Ellen 
l»erger  siml  Hnfmcistcr,  that  extracts  of  the  sjdivary  glands  of  all  t 
domestic  animrds,  whether  made  from  dried  or  fresli  glands,  with  water 
carbolizud  or  alkaliijc  water  or  glycerin,  entirely  fail  to  show  this  re- 
act itm,  Absijbite  data  as  to  the  origin  of  this  salt  are  entirely  wanting. 
Its  UHif  in  the  ect>nomy  is  also  rlouded  in  obscurity,  as  it  is  eliminated 
unchanged  through  the  ki^lncys  and  may  be  rccognizeil  in  the  urine. 
The  chlorides  in  saliva  may  Ije  recognized  by  iiltenng  and  acidulating 
strongly  with  nitric  acid;  the  addition  then  <d"  a  few  drops  id*  a  soliitin 
of  nitrate  of  silver  to  the  saliva  will  cause  quite  a  decided  white  precipi 
tate  w^hich  is  readily  soluble  in  ammonia. 

Of  organic  coni^tittieuts,  saliva  contains  albuminous  tiodies,  as  mav 
be  recognizt-Ml  by  the  xanthoproteic  and  Millon's  reaction;  it  containa. 
mucin,  as  maybe  determined  by  precipitating  with  acetic  acid;  and 


1 


DIGESTION   IN   THE  MOUTH. 


273 


contains  a  siib^tiince  of  the  nature  of  a  ferraunt,  which  i»  termed  animal 
diafiUse  or  ptyal  in,  whose  presence  may  be  demonstrated  *  by  the  i>ower 
posBCSged  by  the  saliva  of  eon  verting  stareh  niuciln*:e  into  siijj^ar.  Of 
Uie  Alhuuniioid  bodies,  seriinj-all>nmen  iind  a  globulin-likc  botiy  which 
•y  l>e  j>ref ipitated  by  carljonie  aeid  arc  the  representatives. 
Th^  most  important  coni^titiieiit  of  the  saliva  is  the  ptyalin.  This 
istiince  belongs  to  the  gronp  of  soUilile  fL*rments, and  is  a  product  of  the 
rfUof  the  salivary  glands.  It  may  be  ol*tain<^d,  according  to  the  method 
fCuhnbeim.by  adding  a  little  phosphoric aeid  to  mixed  saliva  and  then 
ring  with  milk  of  lime  until  the  alkaline  reaction  is  restored;  the 
I  precipitate  is  then  filtered  orf,  and  the  filtrate  shows  scarcely  any 
Dinoid  reaction,  while  it  still  possesses  in  an  almost  undiminished 
)itB  diastatie  i><>wer.  A  considerable  quantity  of  the  ptyalin  still 
ains  clinging  to  the  albuminoid  matters  deposited  in  the  jirecipitate, 
i  if  this  is  washed  with  water  tlie  ptyalin  is  extracted,  wiiile  it  heaves 
albuminous  matters  still  on  the  filter.  If  alcohol  is  added  to  the 
Itery  extmct  of  this  precipitate,  a  floccu!ent,  whitish  precipitate  is 
brmeti,  which  may  be  collected  by  decant iition  and  dried  over  sulphuric 
acid  A  grayish-wliite  powder  is  tlins  obtained,  which  consists  of  ptyalin 
mixed  with  phosphates ;  the  latter  ma3^  be  removed  by  dissolving  in 
watiT.  precipitating  again  hy  absolute  alcohol,  washing  the  preci[ntate 
with  dilute  alcohol  and  then  with  a  Rmnll  (luautity  of  water,  and  drying 
at  a  low  temperature.  Ptyalin  so  obtained  is  a  nitrogenous  substance, 
but  Hot  an  albuminoid.  It  is  readily  soloblc  in  water  and  glycerin  and 
pojtsisscs  the  power  of  converting  stareb  and  gl3'cogeu  into  maltose, 
aiif]  tins  property  is  exerted  whether  in  a  neutral  or  very  faintly  acid  or 
alkaline  medium.  An  excess  of  alkali  or  of  acid,  as  will  be  again  referred 
to,  prevents  its  activity.  The  ferment  may  also  be  extracted  from 
*lie  salivary  glands  by  mincing  fresh  glands  and  covering  them  with 
glycerin.  Aa  the  ferment  is  soluble  in  glycerin,  it  is  extracted  from  the 
glam  It  issue,  and  may  be  precipitated  again  from  the  glycerin  extract  l^y 
aieobol. 

The  saliva  contains  appreciable  volumes  of  diflerent  gases  in 
*«lutioii,as  determined  b}-  riHiger  in  the  case  of  the  submaxillary  gland 
^''f  llif  dog,  lie  estimates  the  difTcrent  anjounts  of  gases  contained  in 
tbt  saliva  as  follows  : — 


Oscygjen,    . 
Nitrt>;xcn. 
CarlKjn  dioxide. 


0,4  ta    0  fS  volume  per  cent, 

0.7  to    OH        ' 

49  2totH.7         "         "       " 


I      tb( 

^H       lUs  thus  seen  that  saliva  is  the  richest  in  TO,  of  any  fluid  in  the 
animal  body.     Only  a  small  proportion  of  the  above  amount,  howe\^er, ' 
cun  W  extracted  with  the  gas-pump,  showing  that  the  remainder  is  held 
in  cbeaiical  combination.     The  amount  capable  of  being  pumped  out 

18 


%'aries  from  19.3   to  22.5  c.c,  while  from  22,9  to  42.5 

libemted  on  the  add  it  ion  of  pliosphoric  acid. 

The  seeretioiis  of  tlie  ditt'ereiit  glands  of  tlie  salivary  system  present 

several  distinguishing  points  which  will  be  alluded  to  in  turn. 

1,  The  Parotid  Secretion, — 
In  order  to  study  the  pure  secre- 
tion  of  the  parotid   gland ^  the 
saliva  must  be  cn!lecte«l  liefore 
it  reaehes  the  mouth  to  l>e  mixed 
with  Hutd  from  the  other  glandi 
This   may   t>c  accamj)lisljed,  in 
man  or  in  the  dog,  by  catheter* 
IrAng  the  parotid  duct,  an  o|»cr-  j 
at  ion  which  is  readily  fjerforra(vi 
It  is  only  necessary  to  open  th«> 
mouth  and  evert  the  cheek,  when 
I  he  pa[villa  of  entrance  maybe 
recognized  on  the  inner  surface 
of  the  cheek,  on  a  level  with  tk 
second  molar  tooth  of  tbe  npper 
jaw.     A   slender  glass  tube  or 

silver  cannula  may  be  readily  inserted  within  the  orifice  of  the  ibioi  ami 

the  fluid  collected  as  it  flows  throu^^h  the  tube.     Where  studies  as  to  ik 


FlO,  111.— PAKOTIDANDRT^BMAXILLAnV  GLAVDS 
*}V     TITE    TitiG,     WITH      THEIR     EXCHKTOMY 

DreT«.    {miflurd.) 

p^  fvmtid  Ktaiitt:  mt  *ubm«ii|ll»i*T  f1a.ti4:  ',  duot  of  fiteit4; 
r,  dii«(  of  Wbdutwa ;  w,  OMMBttr  iii«fof« ;  I,  t«qB|idt«J  trnud*. 


Fro.   112»"Rki.atiowh    of   thk    Parotid   Duct  of  thk   Dog   with  mf^ 
Facial  Vkhmki.s  and  Nkrvk,  aktek  Bkrnard. 

Thtdlottfld  \ini>  Indicfttw*  th^  Ibe  .»r  iodirinii  for  Cndliniif  the  durt  at  Ihe  itpeii  of  th«  titfte  IbnMi  *y 
the  r««)elj  ftad  h«rre.  V«  ¥i«cula>ii«rtDai  fAseicuIui  furnijnic  tli«  infnior  «id*  tif  tb«  ^agin  ,  S,  Hmekut^ 
fbrrmlplt  t-ba  up[i«r  »id« ;  !>»  folnt  of  jltitotlo-a  uf  iiitta  twu  nuaiauli ;  C,  du«i  wf  Stobo  Ua^oUitC  '^  "C'*' 

mechanism  of  secretion  have  to  lie  made,  or  where  a  considerable  ip^' 
tity  is  to  be  collected,  a  more  convenient  method  is  to  make  a  listiiloW 
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ppening  into  the  parotid  cloct  before  it  rexichcs  the  mouth.     This  may  be 
ftdily  performed  in  the  horse  or  dog  (Fig.  111). 

To  make  a  parotid  fisluLi  In  the  dog^  the  anfinnt  usuftlly  cmployrd  in  thme 
rimentt,  iht*  hair  is  first  sbavt'd  from  the  chuek.  between  ilie  eye  and  tlienugle 
f the  mouih.  On  running  fliv  fin>!:<*r  ulon^Mhe  lower  Wrdcr  of  rive  zyi^otimtic 
li,  juftl  before  it  h  inserted  inlo  the  superior  niaxilla,  &  slight  noteh  is  felt.  It 
Just  at  this  point  that  the  duft  passes  into  the  mo«ib.  After  chloroforminis  the 
limal,  no  incision  ia  made  through  the  skin  from  this  fMjrnr,  cutting  ohUtjuely  in 
tion  from  the  inner  canthus  of  the  eye  to  the  an^^le  of  the  mouth,  pnsfiing 
ugh  the  subcut^iDeous  cellular  tissue*  when  the  tacial  artery  ftnd  v«u'n,  braiuhes 
tucm]  nerve,  and  parotid  duel  are  tound  together,  the  (imt  jiearlj  white  in 
ing  horizontalh' across  tlie  fibres  of  the  masse  I  er  muscle  i>arHllel  to  the 
,  usually  alwjut  a  quarter  of  an  inch  below  it,  while  the  iirterj'  and  vein  run 
hImjvc  downward  (Fig,  112).  The  vesatda  and  nerves  must  be  ciirefully 
oTcd  from  before  the  duct,  which  is  to  be  isolated  and  cU»sed  as  near  the 
nth  as  tkOS!iil>le  with  a  clip.  A  cannula  may  then  bo  inncrted  into  tlie  duct.  If 
fleckled  to  retain  the  fistula  permanently,  the  duct  must  be  freed  t>om  the 
lat^rtirc  tiftsuc  forai?  long  a  distance  as  posnitile,  divided,  and  then  brought  out 
Itlte  angle  of  the  wound,  which  is  !o  be  closed  with  sutures,  one  passing  through 
duct  to  rv'tain  it  in  posHion.  After  a  few^  days,  when  the  wound  is  healing, 
duct  will  mortif}"  and  drop  out,  leaving  a  tiNtblous  track  to  the  gland,  which 
IM  be  kept  o]>en  by  the  daily  passage  of  a  fine  probe,  as  it  has  a  decided  tcn- 
ncj  lo  close.  A  siiriilar  operation  Ts  readily  performed  upon  the  horse  or  ox, 
here  the  large  size  of  the  duct  renders  it  easily  reeognizable.  Aftern  cannula 
been  inserted  into  the  duct  of  the  animal,  its  free  extremity  may  be  connected 
»  niece  of  rubber  tubing  with  a  rubber  bulb  or  glass  bottle,  in  which  the  saliva 
Ibe  coUected  (Figs.  113  and  114j. 


Fia.  113.— PABOTtB  DrCT  I>"  THE   HflKjqE,     (BrTwarrf.) 
Ti«  ioUitd  Um  ittAimXm  tht  ooaUiar  of  tb«  RUod  and  Ifae  ccmno  of  tba  da«A  of  Alia*. 

Tile  parotid  gland  of  the  horse  is  only  in  activity  when  the  aiiimnl 

|i«  tnaaticating  food,  while  the  parotid  frlaiids  of  the  rtnuinaiits  are  eon- 

Himiftlly  secreting.     The  parotid  irlands   constitute  ahiiost  entirely  the 

P<*sterior  or  serous  system  of  the  salivary  glatids,  and  ftirnish  hy  far  the 

*"''gest  amount  of  the  fluid  w!jii;li  impregnates  the  food.     The  parotid 
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glands  secrete  alternately  during  mft8tic»^tion,  both  m  the  horse  and " 

ruminant   animals,  and,  in   all    probability,  also   in   the   omnivora,  tbej 

st'cretirm   occ'urring  on   the  side 
S.  ^.^^       V^        ^^^  which  mastication  is  taking  j 

place.  Thus,  when  mastication 
is  taking  |>lace  between  the  right 
molar  teeth,  then  it  is  the  right 
parotid  alone,  in  the  horse,  which 
secretes^  and  it  is  the  riffht 
parotid  in  the  rnminant  which 
lian  tlie  hiLrhest  activity.  Ex- 
periments conducted  h^'  Colin, 
Ijy  making  a  fistula  of  the  parotid 
ducts  in  the  horse  and  tbt*  u%, 

have  demonstrated  the  truth  of  these  statements.     The  following  tablei 

represent  some  of  his  results  : — 


S 


FlO.  114.— PAROTn?    FrSTtTDA    IX    THE     HORSE. 

a,  daet  of  Stj»fu>,  vltli  fluaaala  laAert«d«  uid   rubber  bftf  fnr 
eollMtlim  th«  Mlivm, 


Ex 

p«nmcQL    Tinio 

In  Minutes 

Right  Parotid 

I^rt  ParntuL 

Bide  of  MaiiticfttioB. 

1. 

Horse,    . 

.      15 

010  ^mminea. 

300  ^mmmes. 

Right. 

*' 

.     15 

580 

*i 

320 

Ri^ht. 

i  t 

.      15 

250 

" 

700 

Left. 

2, 

Horse,    . 

.     15 

570 

" 

620 

Left. 

** 

.     15 

510 

f# 

820 

Led 

If 

.     15 

500 

it 

800 

Uft. 

fi 

.     15 

480 

«t 

750 

Lef». 

ti 

15 

720 

■« 

420 

RighU 

f< 

15 

540 

•» 

800 

Len. 

'* 

.     15 

600 

ft 

740 

Left. 

8. 

Horse,    . 

.     15 

020 

•* 

200 

Rigl't 

'* 

.     10 

B20 

»f 

200 

Right. 

ti 

5 

200 

•* 

120 

Right. 

" 

15 

410 

t( 

230 

Right 
L«fi, 

«( 

.     10 

60 

M 

320 

•• 

5 

20 

1. 

150 

Left. 

*" 

,     15 

ISO 

*' 

520 

Left. 

4. 

Horae,    . 

5 

100 

M 

85 

Right 

" 

G 

150 

•* 

2a^ 

L«ft. 

*' 

4 

IftO 

♦• 

40 

RiL'ht 

" 

4 

115 

" 

70 

RighV 

*' 

4 

05 

«f 

105 

Left. 

' ' 

6 

80 

** 

310 

Left. 

5. 

Horse,    . 

3 

50 

f  1 

ito 

Le(t 

*' 

0 

200 

It 

50 

Right 

" 

4 

30 

<« 

100 

Lea 

'* 

5 

200 

•  « 

30 

Right 

e. 

Ass, 

15 

120 

,t 

10 

Right 

*'           ^ 

15 

110 

M 

60 

Riffht 

" 

15 

80 

** 

170 

Lea. 

f< 

15 

150 

•* 

15 

Rilthl. 

f  1 

15 

30 

t4 

100 

Left        J 

*' 

15 

55 

•' 

135 

Len.       J 

ti 

15 

50 

■  1 

105 

Left      1 
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lese  results  must  not  Ijc  regartled  ns  absolutely  correct^  since,  even 
in  tlifi  Jiorse,  the  operatiou  of  making  a  fistula  interleres  with  the  normiLl 
ieqaetK?e  of  mastication,  as  it  is  always  longest  on  the  side  which  is 
opposite  to  the  fistula, 

Ellenberger  and  Hormcister  found  that  the  parotid  of  one  side  in  one 
borse  secreted  1000  grammes  in  half  an  Irour,  the  same  amount  in  another 
borse  in  a  quarter  of  an  hour,  and  in  a  third  horse  4000  granimes  in  two 
iMjurs— oat^,  hay,  and  chojjped  straw  being  given  as  food.  During  the 
p(iu.«es  between  the  acts  of  mastication,  the  |>arotids  of  the  horse,  con- 
\my  to  what  is  tlie  case  in  the  ruminant,  arc  tiuiescent. 

la  ruminant  animals  this  alteration  of  activity  of  the  parotid  glands, 
llthoiigh  depending  upon  tlie  side  of  mastication,  is  less  readily  deter- 
mwl  than  in  the  horse  ;  for  wlien  a  list u la  is  made  the  ruminant  animal 
fill  continnonsly  masticate  on  the  opposite  side  to  that  in  which  the 
fstula  is  present,  and  the  maximum  activity  of  Bcerction  is  therefore 
taking  place  on  the  side  opposite  to  the  fistula.  On  the  other  hand,  if 
otistulfe  are  made  the  animal  will  change  the  direction  of  mastication 
[two  or  three  times  a  minute,  and  the  process  of  mastication  is  mnoli  in- 
terfered with  and  the  character  of  secretion  altertnU     The  inequality  of 

secretion  according  to  the  side  on  which  mastication  is  taking  phice 
b^iilHoseen  in  the  ruminant  animal  during  the  second  period  of  mastica- 
tion in  rumination. 

These  experiments  seem  to  show  that  mastication  is  the  normal 
stimulant  of  the  parotid  glands,  though  they  also  secrete  during  the 
pauses  of  rumination.  Further,  these  glands  are  insensible  to  other 
^liiuulnnls,  such  as  salt,  acids,  etc.,  brought  into  contact  witli  tlu-  mucous 
Diembmne  of  the  mouth.  Such  stimuli  produce  no  sensible  secretion  in 
'lipedt's  and  no  increase  in  the  constant  secretion  of  ruminants.  So, 
'Iso,  sight  and  odor  of  food  have  no  effect  on  the  secretion  of  the  parotid, 
[*^e«  if  the  animals  are  in  a  state  of  great  hunger 

The  character  of  the  i>arotid  saliva  also  ditfers  from  that  *>f  mixed 
*»livtmul  tliat  of  the  other  salivary  glands*  It  is  thin,  limpid,  contains, 
With  the  exception  of  a  few  epithelial  cells,  scarcely  any  formed  elements, 

li  invariably  alkaline,  except  after  prolonged  fasting,  wljeu  the  first 

strops  may  have  a  slightly  acid  reaction  from  the  contained  carbon 
Rioxide,  Great  variation  exists  in  the  estimates  of  its  specific  gravity, 
't  having  been  said  to  vary  from  1003  to  1012.  It  contains  scarcely  any 
aucin;  when  heated  to  boiling  it  becomes  turbid,  as  also  occurs  after  the 

itioQ  of  alcohol  or  mineral  acida,  showing  the  presence  of  an  albumen- 
"'^eWy.  It  becomes  clearer  when  CO,  is  passed  through  it.  It  con- 
"*'"^  ptyalin*  Sulphocyanide  of  potassium  lias  been  said  to  be  absent 
»om  the  parotid  saliva  of  the  horse.  The  parotid  saliva  of  the  dog  has 
*  specific  gravity  of  1004  to  1007,  and  when   heated   deposits  a  slight 
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The  parotid  saliva  of  the  clog  contains  1.818  and  L701  pro.  mil. 
folnmes  of  combined  CO,. 

Salivary  csilculi  are  formed  most  osually  in  the  parotid  doct  from 
the  deposition  of  lime  salts,  and  contain  no  other  ingredient  of  the 
Silim 

1  The  SubmaTtllary  Secretion, — The  saliva  of  the  submuxtllary 
gland  may  l>e  collected  in  man  by  inserting  a  small  cannula  in  the  openuig 
of  the  duct  in  the  papilla  of  entrance  at  the  side  of  the  frienura  of  the 
tongue, or  by  aspirating  it  by  a  small  eyringe  whose  nozzle  will  grasp 
th€  papilla  air-tight.  In  animals  the  maxillary  saliva  may  be  collected 
by  means  of  a  permanent  or  temporary  fistula  of  the  duct  of  Whiirton* 


c^^ 


'IJ^ 


/ 


1^0.    115,— OPKHATION     of    LSOLATINO     THE     Dt^CT    OF    TKK     BrUMAXIU-ARY 

Gland  \^  the  r>t»o.    (iirrHarrf.Jf 

Q,  AigMCHe  i&nJMJt  df«w«  to  oci«  aide :  h^  BtrTo-fi^'nid  mnsci*  dlriil«dl  »ii4  dnwn  (a  oa«  aid* ;  0  *^  d«st  gf 
WfaAJtua  \  t/,  tliiPt  uf  tit*  fuUinfiuJ  glutd;  1,  Unra«Ji  lurrt. 


To  dipcover  the  submaxillary  duel  before  its  entmnce  into  the  month,  after 
^rimljon.   the  hair  is  ahavcd  IVoni  the  under  surfarp  of  thu  hiwer  jaw,  an 
^'*ion  made  alont^c  the   irnier  iKinler  of  the  mmiis  of  i!it!  lowtvr  jaw  from  the 
|i  '^licir  ins^ertum  of  The  digastric  mu!*clc  forward  for  nbout  two  laches,  dividlnf^ 
Ij  ^  %kin  and  phitysma,  every  vein  Ihal  comew   into  view  hein^   tied  with  two 
.  ^Hlureeand  dividttd  heiween  them.    The  nivlo4iyoid  muscle  is  then  in  view,  and 
^  ' o  be  very  cautiously  divided  at  its  niidale,  iivoidiiijx  the  mjio-hyold  nerve, 
i^^^ch  lies  upon  it.     If  the  portion  still  in  coniieclion  with  the  mmus  of  ilie  jaw 
^^le¥ttted«  the  submaxillary  and  sublingual  duels  will  be  found  running  Ibrward 
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side  by  Bide,  nrar  Ut  I  lie  ramus  of  the  Jaw,  to  enter  I  he  mouth,  the  suhmii: 
duct  beint?  Botui'what  the  larger  and  lyinp:  nearer  the  jaw  ;  the  ducts  iirc  cj 
by  Ihc  lingual  nerve.     Eitlier  duc"t  may  then  be  isolated  *ir  divided  and  treated 
in  milking  a  permanent  parotid  fistula  (Pljjfs.  115  and  110).     In  the  hor&e,  rumi- 
nants,  and   rahhlls  the  openitivc    proeeduro   is   about   the  sunie   a,s   in  the  dog 
(Fig.  117). 

The  submaxilkry  saliva  obtained  by  catheterization  or  from  fistula 
, ,»  is  a  limpid,  viscid  fluid  of  tdkiihne 

reaction.     Its  density  is  said  lo  be 
greater  than  that  of  the  |)arottd  of 

|i| .  mixed  saUva,  and  may  rise  to  1025 

^  ^  J  /JBIf  I       \  ftiter   feeding.      According  to  Eck- 

d^^g^^  fBm\  '       if  hai'd,   the    BubmaxiUary   saliva   be* 

.'-^-^         come.s  more  consistent  when  exposed, 

S^^^^^^B^MMi    i'      •'  1        ^^   ^^^^   ^^^^  ^"^^   ^^^^    precipitate  A' 

\  flocciilent  deposit.      Corrosive  sub- 

Hi  Of  limate  causes   it    to    become  abnost 

f  gelatinous  without  becoming  turljrd 

/'  It  contains  a  consideralilc  qnaotity 

'^^ "^      of  mucin,  to  which  this  visindity  is 

due.     Albumen  seems  to  be  alpost 

alisent  from  the  submaxillary  saliv.i, 

^'"    IWULll  \  or  to    be    prcHent    only    in    tracts. 

^         _    YVl  although    the     xanthoproteic   re**' 

^  yj^  Itf  t'*'«  will  demonntrate    the  pres*^!'-^^ 

of   proteids.      The    diaetatic  po*'^'' 
of  the    submaxillary  saliva  ©f  ^^ 
Fio.iia-As ATOMY  OF  THE  suBMAxiL-     ^^^  appcars  to  l>e  but  slightly  M^ 
Region  in  tue  Dog,    Ui^nard.}  > eloped  in  the  fresh  J^aliva,  mmipi 

a  a.  dj^wtric  ma#ei«:  h  b,  try]0-hjaid  iniiw-ie:     jt  acnuires  tbis  propcrtv  by  fitWKl- 

f  «,  ttiblliiguBl  flAsd:  d.  *ablibj|i)al  dnoi ;  *,  rubniai'  ''  t         r         »         ,r 

illArv  dfl«t:  y'^.  •utekaimarj  gUddj  I.Ud^iI  nerve;        Jujt    qi^q    gr    tWO    dllVS    lU    the  atOO*- 

2,  ebonufc  tj^iDfiuu.  *=^  » 

phf^re.      The    following  tAUee^  ift^r 
Lassaigne  and  Herter,  represent  the  analysis  of  tUia  seerotion — 

In  th€  Horn, 

Water .    mrl^ 

SolidB, .7.5 

Salts. .  25T5 

Organic  matter,      ........        4.925 

In  ths  Vim, 

Water 9f,l  14 

Mucin  and  athiiminaus  matter, 8.53 

Alkiiline  rjirhon£itcB» OJO 

Alkaline  ehlorldt'S, 5^08 

Alkaline  pliosphates OJS 

Phc*sphatc  cjf  limL%          »,..,..  O.OC 
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/a  ths  Dog. 

Water. 994  4 

SoliiJs 5. G 

Organic  matter,       .        , l.T-l 

Mucm (\M 

Soluble  aah *        .        ,  3,.19 

lusolable  ash,          .,.,...,  0.2^ 

Carbonic  acid  in  combinatioa, 0.44 

The  Bubmaxillary  aaliva  of  other  nnimalB  has  been  less  studied  than 
in  the  dogj  that  of  the  rabVit,  according  to  Ileidenbain,  is  clear,  not 
viscid,  and  alkaline.  It  does  not  become  turbid  when  exposed  to  the 
atmosphere,  coii tains  albuiainoids,  but  no  mucin  or  ptyaliii.  It  coutaina 
lis  per  cent,  of  solid s.  The  submaxillary  saliva  of  liie  sheep  is 
Btron^4j  alkaline  and  slightly  viscid.  The  first  few  drops  are  turbid, 
but  it  then  becomes  limpid,  to  again  become  turbid  when  exposed  to  the 


ho.  117.— PABOTID    AWr>    Rt'TIM AXILLARY    FlBTFl,^.    FN    THE    HDKSK,    AFTXR 

rtiLiN.     {Tfittnhoffrr  and  Ihmm^t) 


Citraospbere ;  it  contains  considerable  qnnntitics  of  albuminoids  and  a 
l^risible  amount  of  mucin ,  but  nlw:iys  less  than  in  the  saliva  of  the  dog, 
Tlie  submaxillary  saliva  of  the  pig  contains  no  ptyalin.  The  saliva  of 
t^»c  L'iilf  and  other  herlnvora,  with  the  exception  of  the  rabbit,  is  said 
^  be  rich  in  ptyalin.  In  tiie  submaxilhiry  saliva  are  found  the  so-called 
nior|>liQi,^flri^^l  elements  or  salivary  corpuscles,  which  appear  to  be  identical 
witb  tlie  white  blood-corpuscles  and  possess  amceboid  movements. 
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The  secretion  of  the  subniaxiUarj  glauda  is  not  unilateral, 
the  case  of  the  parotid^  and  the  side  on  which  the  greatest  secret 
taking  place  doci*  not  apjiear  to  be  modified  to  any  great  extt>nt  I 
locality  of  mastication.  Tlie  largest  amount  of  submaxillary  sal 
secreted  at  the  commencement  of  a  meal  and  almost  ceases  durii 
stinGntx*,.^a  point  t>f  eontraat  with  the  parotid  saliva.  The  stimul 
of  the  SL-nse  of  tajite  hy  sapid  substances  it*  of  the  greatest  influen 
the  amount  of  submaxillary  saliva.  The  following  table,  eompile 
Colinj  illustrates  these  facts  j — 

Eighi  BuimiaTCUar^  FUiuta  in  the  BnrMg. 


Time  In 

Amount  in 

HkJo  i*f 

_^. 

MinulML 

Oniitimes, 

MasUeaUou,                      *^™*' 

15 

n 

U^ft, 

Hiij 

in 

26 

.1 

U 

24 

It 

«i 

li 

33 

r^ 

•t 

HI 

17 

Etghl 

■■ 

m 

23 

I* 

14 

15 

\% 

«.i 

n 

:« 

23 

Left. 

14 

M 

m 

•t 

♦' 

19 

II 

Oat«, 

15 

*« 

11 

W 

» 

Rldit 
Left. 

1* 

1ft 

1 

t« 

Riffhi 

FiBtula  in 

ihfi  CtfW. 

Tkwtn  Miau 

i«i. 

AJAouu*  Ui  uitimm««, 
110 

Fiwd. 

15 

Hay. 

15 

85 

15 

65 

15 

70 

15 

80 

15 

85 

15 

70 

15 

90 

15 

70 

Salt. 

15 

20 

Juniper-berriei. 
Pepper. 

15 

40 

15 

80 

«i 

Eight  Submaxillary 

Fistula  in 

the  Bam. 

Time  In  Minutes. 

Amount  in  Grammes. 

Food. 

15 

27 

Hay. 

15 

20 

<i 

15 

25 

i< 

15 

15 

<( 

15 

26 

i< 

15 

27 

If 

15 

20 

(( 

15 

24 

Salt. 

15 

4 

Hay. 

15 

2 

Fasting. 

15 

8 

Pepper. 

15 

28 

Salt. 

15 

28 

II 

The  dtnstatic   power  of  the  submaxillary  saliva   varies  very  con- 
■fimbly  in  different  aniiuals.     It  is  active  in  all  tbe  herbivora,  with  the 
BeptioD  of  Ibe  rabllit  aud  guinea-pig.     In  tbe  sheep  the  submaxillary 
BvH  is  more  active  than  tbat  of  the  parotid,  while  it  is  faintly  active  in 
K  horse,  and  is  almost  inactive  in  the  do«r  when  freshly  secreted*     The 
general  rbaraeteristics   of    tlie    submaxillary    nalivu    vary   iu   dilfereiit 
inimal^  under  different  conditions,  and  are  therefore  subject  to  much  con- 
tTiwlietion.     The  secretion  reaches  its  excess  during  mastication  follow- 
ing prvhension  of  food.     It  is  suspended  entirely  during  the  mastication 
of  ruminalion    (Colin,  EUenberger^  and  Hofmeister), — a  fact  which  is 
m  remarkable  wben    it  is  recollected  tbat  the    chcmtcal    stimulation 
of  the  nerves  of  taste  must   be  then  nuich   more  marked  than   in  the 
krrieci  first   mastication.     The   submaxillary   glands   are   also   nearly 
quiescent  in  the  intervals  of  rumination ;  its  secretion  is  called  foith  by 
pilocarimie  injections,  but  to   a   less   degree   than  in  the  case  of  the 
|wrotid. 

It  seems  almost    incomprehensible    that   the   submaxi  I  In  ry,  which 
during  ni[aination  remains  quiescent,  should  eecrete  actively  during  the 


Fro.  118,— SrBi.n«rouAL  Gland  or  thk  Ox.    (CoUn.) 

^  RbviAxillarf  duet ;  B,  \t^&rtat  duct  of  tbt  cublinftiiJ  glatid ;  C  €,  »iip«rivr  tablJnguKi  dacta. 

^ticjition  of  a  tasteless  foreign  body,  such  as  a  piece  of  string  or  wood 
^^'lenberger).  Tliis  fact  can  scarcel}^  be  explained  but  by  supposing 
^"'^t  iliQ  products  of  ferraentatioo  occnrring  in  the  rumen  exert  an  in- 


"''Jitory  inllueiice  on  the  secretory  nerves  of  the  subniaxilhiry  glands. 

^  pHucipal  function  seems  to  be  to  assist  in  the  appreciation  of  the 
^wof  taste,  and  to  act  as  a  lubricant  to  aid  in  the  first  deglutition. 

3.  The  Sublingual  SerreU'fm. — ^The  collection  of  pure  sublingual 
^Mvi is  accomplished  in  the  same  way  as  the  submaxillary,  altluingh  in 
^^tieral  it  is  more  diOicult,  excepting  in  the  case  of  the  ox,  where  the  large 
^'^e  of  the  duct  renders  the  oi>eration  very  easy*  In  most  animals, 
bowever,  it  is  extremtdy  difficult  to  obtain  it  in  a  state  of  purity,  as  the 
^laud,  esjK'cially  in  the  ox,  hiis  a  number  of  excretory  ducts  (Fig,  118), 
^lie  characters  of  sublingual  saliva  mny  partially  be  determined  by 
Pi^^enting  the  parotid  and  submaxillary  secretions  from  entering  the 
^ottlli  by  li gating  their  ducts,  and  tben  collecting  the  Suids  in  the  mouth 
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by  an  opening  in  the  (Bsophagus.    Such  fluids,  of  course,  are  composed 
of  the  sublingual  saliva,  together  with  the  secretion  of  the  buccal  glaada 
The  sublingual  saliva,  obtained  in  man  by  the  introduction  of  a  fins 
cannula,  is  secreted  in  isolated, clear,  very  viscid,  alkaline  drops;  baldly 
enough,  however,  has  been  collected  to  determine  its  properties.    In  inip 
mals  it  is  very  transparent,  thick,  and  so  viscid  as  scarcely  to  deserve  ths 
name  of  a  liquid,  and  when  a  cannula  is  inserted  in  the  duct  it  flows  firoB 
the  orifice  in  a  continuous  thread.    It  contains  2.75  per  cent,  of  solidSi 
according  to  Hcidenhain,  while  according  to  Kiihne  the  proportion  my 
rise  to  9.98  per  cent.    Mucin  and  sulphocyanide  of  potassium  have  Imn 
detected  in  it.    It  apparently  contains  no  bicarbonate  of  sodinm,  as  it 
does  not  effervesce  when  acids  are  added  to  it.    The  sublingual  seoretioa 
is  constant,  though  it  is  augmented  greatly  during  feeding,  and  the  prii- 
cipal  stimuli  which  call  it  forth  are  those  which  pass  throogh  the  sense 
of  taste. 

In  addition  to  the  above  secretions,  fluid  is  also  poured  into  tba 
mouth  by  the  various  buccal  glands.    Its  characters  can  only  be  studied 
by  ligating  all  the  salivarj'  ducts.    When  this  is  accompli^hed  in  the  dog 
the  mucous  membrane  in  the  mouth  only  remains  moist  as  long  at  tlw 
mouth  is  closed.     Dry  food  is  then  only  with  the  greatest  difiScnliy  nw* 
ticated  and  swallowed,  and  the  thirst  of  such  animals  is  coneeqwaOj 
greatlj'  increased.     It  follows  from  this  that  the  secretion  of  the  miwoM 
glands  of  the  mouth  must  be  very  slight,  and,  in  fact,  only  one  or  two 
grammes  may  be  collected  with  the  greatest  care  in  an  hour.    It  Iwsin 
alkaline  reaction,  and  has  been  determined  by  Bidder  and  Sclimidt  to 
contain  9.98  per  cent,  of  solids.     Attempts  have  been  made  to  studjtlic 
proi)erties  of  the  secretions   of  the  buccal  glands  b^'  making  aqueous 
infusions  of  these  glands  after  death.     The  superior  molar  glami 8,  wbicb 
have  been  termed  the  accessory  parotids  in  the  ox,  give  a  viscid  extnet 
with  water,  while  such  an  extract  of  the  inferior  molars  is  much  IfiM 
viscid.     Very  little  has  been  determined  as  to  the  properties  of  theie 
secretions. 

4.  General  Characteristics  of  the  Salivary  Secretion, — Although i' 
has  been  seen  that  each  gland  ditfers  somewhat  in  its  manner  of  secreting 
and  in  the  results  of  that  process,  nevertheless,  the  general  sslivaiyBy*' 
tern  has  certain  distinguishing  characteristics,  which  have  been  careftilly 
studied  by  Colin,  according  to  the  principal  conditions  in  which  »*• 
mals  may  happen  to  be ;  thus,  the  conditions  may  vary,  according  •• 
the  animal  is  feeding,  ruminating,  fasting,  or  whether  stimulating  ^ 
stances  are  in  contact  with  the  mucous  membrane  of  the  mouth.  D^*" 
ing  feeding  two  of  the  glands  secrete  actively,  though  unequally;  •■ 
has  been  seen,  the  parotid  on  the  side  of  mastication  gives  double  ot 
treble  as  much  saliva  as  the  opposite  gland.     The  amount  is  also  gttM 
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Tn&stication  is  rapid,  and  is  therefore  greatest  at  tlie  beginning  of 
1,  tiiiless  after  a  very  prolonged   fast,  when  a  etTtnin  ainooiit  of 
le  seems  to  be  required  l»y  the  glands  to  reach  their  niaxiniiini  activit}'. 
i«*  subumxillary  glands  seerete  together,  and  each  give  about  tlie  same 
Uty  of  saliva,  although  tliis  amount  is  not  one-third  of  that  secreted 
the  parotid,  even  in   animals  in  which  tliese  glands  appear  to  be  of 
itit  the  same  size.     The  lingnals  also  secrete  together,  and  the  same 
ty  be  assumed  of  the  molars  and  other  glands.     Tliese  characters  may 
determined  by  making  tistnla?  of  the  dilt'erent  excrctorv  dncts  of  the 
ids,  and  so  convening  certain  portions  of  the  saliva  out  of  the  month 
then  weighing  the  increase  of  weight  in  the  food  in  its  passage 
ToagU  the  mouth  to  a  fistulous  opening  in  the  a\sophftgus.     During 
imination  the  parotids  have  been  foond  by  this  method,  af4  well  as  by 
k  production  of  parotid  Ustula?^  to  pour  out  a   large  quantity  of  fluid, 
eren  although  the  food  has  been  already  comminuted  and  thoroughly 
moistened  in  the  fin^t  mastication  an<l  during  its  Hitjourn  in  the  rumen. 
The  quantity  of  saliva  is  very  little  less  than  thnt  |  Km  red  out  l>y  the  first 
niastication,  and  here  also  the  parotids  preserve  their  alternate,  intermit- 
tent action  ;  but  the  foo<l  does  not  pass  between  the  incisor  teeth  in  the 
weeiad  mastication,  bo  these  teeth  are  iriactive,  and  the  anterior  salivary 
sjstem  remains  almost  quiescent.   Though  they  continue  to  seerete,  they 
do  not  give  any  more  fluid  during  this  time  than  during  abstinence. 
This  is  a  |ieculiarity  of  the  sali^'ary  secretion  during  rnminution,  and 
ibows  the  relative  independence  of  the  diflerent  glands.   During  almtinence 
new  features  are  met  with,  which  vary  in  different  animals.     In  the  fast- 
ing liorse  the  parotids  are  inactive,  and   the  suhinaxillarics  give  only  a 
feif  (lrof»s  of  fluid,  but  the  mouth   is  always  moist,  and  tlie  horse  will 
o(\en  l>e  f^een  to  swnllow  the  fluids  which  collect  in  the  month,  even  after 
fl'^talte  have  been  made  for  both  parotids  and  both  f^ubmaxillary  glands. 
Ht lice,  by  exclusion,  the  fluid  must  have  come  from  the  linguals,  tonsils, 
wd  jialatinc  glands.     In  the  fasting  rnniinants  the  parotids  are  not  in- 
*ctiTc.  They  pour  into  the  mouth  during  abstinence  about  one-eighth  or 
one  fourth  as  much  as  they  secrete  during  mastication.     Here,  also,  the 
snlnnaxlllaries  secrete  little  fluid,  but  the  sublinguals,  BniH^rior  molars, 
■ml  palatine  glands,  judging  by  the  viscidity  of  the  fluid,  must  he  more 
ctlesB  active.     This  continued  salivary  sec^rt'tiou  in  tlie  ruminant  we  will 
filial  Inter  to  be  of  great  importance  in  aiding  the  function  of  nnnination. 
rinilly,  when  stimulated  by  sapid  substances  we  find  marked  differences 
in  the  response  of  ditferent  glands   to  these  stimuli.     The  i)arotidH   are 
i>ol  sensibly  a  flee  ted,  and  the  glamls,  which  furnish  a  viscid  saliva,  are  all 
or  less  stimulated,  according  to  the  chemical  character  and  intensity 
Ac  excitation,  and  the  extent  of  surface  to  which  it  is  applied,  and 
Jta  duration. 
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5.    The  Quantity  of  Saliva. — As  regards  the  iot^l  quantity  o 
id  tilt*  n mounts  contributed  by  the  dilftTunt  glands,  certain  data  iniiy" 
be  determined  in  all  donwstic  auiinnls  lij  meariH  of  ossophageal  fistnlje; 
To  accomplish  this,  the  food  is  first  weighed,  then  the  time  of  magtica- 
tiuu  determined,  and  finally  the  food  is  weighed  again  as  it  escaijes  from 
an  OBSophao^eul   iistnla.     J^y  siibtraeliug  the  weight  of  the  food  when 
given  from  the  weight  as  it  is  collected  from  the  cEsophagos,  the  amount 
of  fluid  added  may   be  determined.     In  this  way  Colin   found   that  t 
small   horse  secreted    five   thousand   grammes  of  saliva   in  an   hour,  a 
meilitim*si2ed   horse  Hve  t!iou>^nd   two  hundred  grammes,  and  a  brge 
horse  in  the  same  time  eight   thousand  eight  hundred  grammes;  from 
which  it  may  lie  concluded  that  a  horse  feeding  on  hay  secretes  from  five 
thousand  to  six  thousand  gmnimes  of  saliva  }>er  hour.     If  oats  aix*  given 
as  food,  the  amount  of  saliva  poured  out  is  one-third  less  than  theat^JTe; 
only  one-half  as  much  is  secreted  when  green  fodder  constitutes  the  food, 
and  only  one-third  as  much  when  roots,  such  as  l>eets  or  turnijis, are 
given*     Further  exi>eriments  have  shown  that  cirieil  focJder  absorJjs  four 
times  its  weight  of  saliva,  oats  a  little  more  than  their  own  weight,  meal 
twice  its  own  weight,  and  green  fodders  half  their  own  weight.     Hence^ 
the  amount  of  the  salivary  secretion  varies  with  the  amount  of  moisttiit 
contained  in  the  food.    It  is  l>elieved  that  after  twenty-four  hours*  fasting 
the  salivation  is  more  active  at  the  commeucement  of  the  meal  thanwlwo 
hunger  commences  to  be  satisfied.     The  reverse,  however,  is  the  ais«far 
the  parotids,  as  they  do  not  at  once  reach  their  maximum  activity  aft«r 
a  long  fust     Tlie  above  statement,  however,  seems  to  hold  for  the  f^ul*- 
maxilhiries,  as  tfiey  are  never  completely  inacti\e.     But  as  the  parfjliilj^ 
secrete  the  greatest  volume  of  fluid,  the  food  first  swallowed  is  drier, «i«l 
therefore  swallowed   with  more  difliculty  than  later  wiien  the  (iiirotHl^ 
have  acquired  their  maximum  activity.     Then  the  quantity  of  secretion* 
decreases  with  the  activity  of  must  i  eat  ion. 

The  quantity  of  saliva  poured  out  in  twenty-four  hours  nwy  1* 
estimated  by  means  of  tlie  preceding  data.  For  if  hay  alasorhs  more 
than  four  titne^  its  weight  of  saliva,  and  the  horse  swallows  one  hnmltvd 
grammes  of  saliva  each  hour  duiiug  fasting,  it  is  easy  to  estiniate  tbc 
total  amount  secreted.  A  horse  which  consumes  li%^e  thousand  gnitnnif^ 
of  hay  and  five  thousand  grammes  of  dry  fodder  will  require  forty 
thousand  grammes  of  saliva  for  the  degbititioti  of  its  food,  to  whitb 
must  be  addetl  aliout  two  thousand  grammes  for  the  eighteen  lioiirs  of 
abstinence,  making  in  all  forty-two  thousand  grammes,  or  eiirhty-fotir 
pounds.  In  the  ruminant  the  t«ytal  amount  of  saliva  secreted  in  twenty* 
four  hours  is  much  larger.  If  we  assume  that  an  ox  takes  three  bouil 
in  a  day  to  feed  and  five  hours  to  ruminate,  it  is  foutid  that  in  ei^t  Of 
eight  hours  forty  thousand  grammes  of  saliva  are  secreted,  and  during  i 
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the  sixteen  hours  of  abstinence  Bixteen  thousantl  grn mines  are  secreted  ; 

in  My  fifty-s^ix  thousand  gramnies,  or  one  hundred  and  twelve  pounds. 

This  is  certainly  an  inside  estimate.    In  these  jiniiTiaIs^aleo,a  less  amount 

U  secreted  with  wet  and  green  food.     Tbis  immense  amount  of  fluid  is 

liin  absorlK*d,  and   is,  tljerefore,  not  lost  to  the  economy.     The  part 

lich  each  ghmd  plays  in  tlic  secretion  of  tliis  volume  of  fluid  is  also 

erminaUef  ajul  is  a  point  of  interest,  siut^e  we  already  know  that  the 

nical  composition  anrl  t)je  function  of  the  different  secretions  are  not 

CTiform.     The  volume  of  saliva  ponred  out  depends  on  the  dryness  of 

llie  food,  and  not,  as  has  ]>ecn  cliiinied,  upon  the  amount  of  stareh  which 

contains^  indicatinrj   that  the   mechanical  uses  of  the  saliva  are  of 

iter  importance  than  its  clicmical  functions. 

The  volume  of  the  special  salivary  secretions  cannot  be  computed 

from  the   volume  of  the  glands.     Thus,  the  parotids  of  the  horse  are 

four  times  as  large  as  the  submaxillary  glands,  and  yet  they  secrete 

lt»«iity-four  times  a«  mucli  saliva.     The  parotitl  of  the  ox  is  scarcely  as 

lirge  as  the  submaxillary,  and  yet  it  secretes  four  or  five  times  as  much 

Inliva  as  the  latter.     In  the  horse  the  parotid  furnished  seven -tenths  of 

ifte  total  amount  of  fluids  |»oured  into  the  mouth,  a  fact  wliieh  maybe 

lieaiiily  determined   by    Tueans  of  cesopha*^cal    fistula*,  conjoined    with 

i  of  the  parotid  duct.     The  submaxillary  has  been  determined  by 

\  above  method  to  furnish  about  one-twentieth  of  the  total  salivary 

iKurction.     These  figures  cannot,  of  course,  l»e  taken  as  licing  rigorously 

[correct,  since  the  necessary  operative    procedures   nujst   more  or  less 

dify  the  activity  of  the  ginnds*     In  the  non-herbivora  the  quantity 

saliva   is  much   less.       It  has   lieen    estimated   at   fifteen    hundred 

limmes  in  twenty-four  hours  for  a  man,  while  in  the  dog  the  parotid 

lieen  calculated  to  contribute  twenty-four  grammes,  the  subniaxil- 

tfy  thirty-eight,   and     the    other    glands    twenty -four    gmrames     in 

^eaty-four  honrs. 

k  The  rfnjsiological  Boh  of  the  Saliim, — The  uses  of  saliva  are 
k'th  mechanical  and  chemical  Mechnnically,  it  assists  in  the  formation 
of  the  bulus  of  food,  after  having  previously  aided  its  mastication,  and 
it^lis  as  a  lubricant  in  its  passage  to  the  stomach.  It  aids  the  apprccia- 
titm  of  taste«  and  by  biltricatiug  the  surfaces  of  the  mouth  and  teeth 
pT^Tents  the  adhesion  of  viscid  sul)stanees,  antl  in  man  permits  the 
"KHcments  of  rapid  articulation.  In  the  ruminant  animals  the  en- 
iTance  of  saliva  into  the  paunch  is  essential  for  the  proper  maceration 
flf  food,  so  as  to  enable  its  regurgitation  to  t!ie  mouth  in  rumination, 

Tbc  chemical  action  of  the  saliva  on  the  food  was  discovered  by 
Lfueba  in  1831 »  who  found  iUi\X  the  saliva  was  cajiable  of  converting 
soluble  carbohydrates  into  dextrin  and  sugar  The  cause  of  this  prop- 
erty of  saUva  lies  in  the  presence  of  ptyahn,  the  diastatic  ferment  of 
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the  saliva,  which  we  have  already  found  to  esdst  in  the  saliva  and  t1*e 
aqueous  extract  of  the  salivary  glands  of  most  groups  of  animals. 

Experin"K?nl8  as  to  the  dmstntJ^  arllon  of  the  salivn  mnj,  therefore,  be  madft 
eithi^r  with  frcsli,  filtered  saliva,  with  im  siqui^ous  or  glyeeria  infusion  of  tli*^  ssili- 
viiry  iilands,  or  witli  an  aqueous  «inltiUt*n  t*\'  pure  [►lyulin.    A  mucihige  for  testing 
llie  dhistatic  action  of  snllvft  may  be  made  hy  mixinjrone  E:rain  of  powdtrcnl  MarcE 
into  ii  thin  fmste  wiili  a  few  dvn[iti  of  enhl  wiitcr^  and  then  addnii:  the  paste  to  lUO 
cuhie  ceiiiinnaers  of  hoiHng  water  and  aMowhig  it  to  boil  for  ten  minutes,    Then^ 
afler  slundinj;  uali!  the  sediment  lias  pettlrd,  the  clear  siipernatanl  fluid  is  filtered 
off  antl  m  ready  for  nse.     K([nal  tjuiiniiticf^  of  cold  starch-inucilagc  are  [loared 
into  three  lest-t*uhes«  which  are  Ji  urn  he  red  one,  two,  and  three  ;  tube   Xo.  1  con* 
tains  starcli-murilaifp  alone  ;  to  tube  No,  3  h  ft^wdrttps  of  filtered  saliva  are  addcdr 
an  eqnai  qnanlity  of  «aliva  h  hoiled  thonni^hly  for  a  few  minutes  and  added  tfl 
No.  *i;  in  tube  No.  4  is  poured  a  suuill  qnanti'ly  of  saliva  alone.    The  fourtrst- 
tubes  are  plaeed  in  the  Imt  water  bsifh  or  rui  ovi*n  at  a  temperature  of  alxmt  3^^ 
or  39^  C.     After  a   few  moments  the   lubes  nuiy  be  removed  for  teplrnj:.    If  to 
tube  No.  1,  which  contained  starch  niueilajje  alone,  a  few  drops  of  dilute  iodme 
solution  are  added,  a  chamctcristic  Idne  color  is  developed,  showing  the  pr^sritca 
of  stanch,  while  Kehlinf:^*s  sohuion  will  demonstrate  the  absence  uf  sugar.    If  to 
tuhe  No.  2,  whirh  eoniaitis  starch -mucilai^e  and  siiliTa,  a  few  drops  of  the  BAiac 
solution  of  itidine  are  added,  no  blue  color  will  be  developed,  showinir  theab*en«t 
of  Htarcii,  and  the  tluid  will  either  renu^in  colorless  or  may  lake  on  a  more  or  h** 
marked  reddish  tint  iVom  the  presence  of  dextrin,  showing  that  the  ^tiircli  ka* 
disappeared.     It' ti)  another  ikortlon  of  the  same  fluiil  contained  in  lube  No.  5  » 
few  dropa  of  F  eh  ling's  solution  are  added  and  the  fluid  Iwik^d,  a  copious  jel- 
lowishred  precipitate,  due  to  the  reduction  of  cnpric  to  cuprous  oxide,  will  be 
Jbrnied,  showing  the  presence  of  a  considerable  quantity  of  sugar.     Sugar  hfl.<* 
therefore,  in  this  test-tube  replaced  the  starcli.    If  a  tew  drops  of  iodine  an*  added 
to  the  tluid  of  test-tube  No.  ii.  which  contained  starchsolntion  and  twiled  mIIti, 
the  reaction  of  slarch  will  si  111  he  developed,  and   Fehling*s  fluid  wHl  show  tlie 
obsence  of  sugar.     Cfiiling,  Therefore,  has  prevented  the  ronvfrsion  of  the  fUrrh 
by  the  salivn  into  sugar     The  fluid  of  test  tube  No.  4,  w^bich  consists  of  sulj^* 
afone»  will  give  no  reaction  with    iodine,  while  no  sugar  will   be   found  »^ilit 
Fchling*s  test,  though  the  blue  color  may  be  turned  to  a  violet  from  the  preseocf 
of  proteids. 

Stare  1 1 -mucilage,  when  stihjeetod  to  the  ac*tioii  of  saliva  at  a  Ump*^t^ 
ature  about  that  of  the  blood  for  a  W'vr  moments^  is  converted  into^ngsf' 
This  conversioti  is  not  instantaneous,  altliough  it  was  taught  by  Bkto 
and  Schtuidt  that  uiomeutarv  contact  with  snliva  and  starch  was  !ill  tkt 
%vaa  neeeHsar^'  to  tnru  starch  into  sugar.  An  experiment  which  has  Iw^^'^i 
long  used  to  stibstanti ate  this  view,  and  which  api>ears  at  first  to  (iwfr 
on^trate  its  trtith,  is  rcall}'  by  no  means  conclusive.  The  experimdJt  i« 
ai5  follows:-™ 

If  into  a  beaker  which  contains  a  little  saliva  warmed  up  to  4<>'^  C* 
is  added  J  drop  by  drop,  a  solution  of  st^irch  which  has  been  colorwi  ^^^ 
hy  iodine,  as  each  drop  falls  it  i.s  decolorized.  The  view,  however,  t^i»* 
the  loss  of  color  is  dtie  to  the  conversion  of  the  starch  into  sugar  is 
erroneotm,  as  w^as  pointed  out  by  Sell  iff.  He  showed  that  the  dei-otori- 
zation  was  due  to  the  con  version  hy  the  saliva  of  the  iodine  into 
bydrindic  acid,  ami  that  many  other  organic  fluids  which  woidd  not  coit* 
vert  starch  into  sugar  would  decolorize  the  iodide  of  starch ;  tlitr5,11'« 
addition  of  morphine  solution  or  of  dog's  nrine  to  the  iodide  of  staffS* 
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STrSeslfje  l>Uic  voUn'  of  thv  lutU-r,  Itk  iit'iLlu*r  uf  tliese  sulmtaiices  it% 
fc  the  property  of  t'ljiivertiiifi;  stiircb  into  MU|iai%  Unl  ibu  rt'Hult  is  flue 
nidation  of  the  ioditl*^.  There  are  two  praetii-nl  points  to  be  drawn 
this  ilemonHtration  :  fiist,  since  the  stnreb  is  not  inslnntaneonHl)' 
rerted  into  siipir  nijon  contact  with  the  saliva,  even  tlioti^li  inas- 
ion  be  prolonged,  by  no  nieati8  all  of  tlic  starch  in  tbe  food  can  be 
iTt<?d  into  sugar  in  tbe  month;  and.  second,  starch  cannot  lie 
ideretl  as  a  conclnsive  test  for  iodine  in  the  viiritms  secretions. 

Il  !s  often  desired  to  test  urine  fur  jckUh*'.  «s  in  r«8nf*  f>f  iodisai,  and  all  dmt 
nietl  necesiitny  is  to  acid  a  sohnkia  of  stiirch'ianeihijco  to  tlic  Hnsju'ete'd  tliiicL 
'  the  chnraeteriatic  lihie  color  docs  not  siiipiMir  it  is  eonrbided  flint  no  iodiae 
eiil.  This  procedurt-  is  ihHdily  lidbu  ii*iis,  not  t»aly  licejumr  ih*'sc^  Huid» 
the  power  t»f  decolorizln*r  Mihitions  of  the  iodide  of  fitureh,  tint  even  when 
e  is  pffstnt  it  iw  not  in  I  lie  form  of  free  iodiae  hut  ol  hydriodir  arid,  tin*  very 
^t  ibrouffli  wliiili  tltis  {le('olori744tioji  iseflVeU'd,  If,  iIieri/fori%  iodine  ik  preseat 
iHi  org^anic  fluiils,  it.^  presence  can  only  hv  delected  by  the  .^tareh  tcf^l  lij^  flrst 
IdJKitig  the  liydri<Klie  aeid.  This  )Hfiy'l>e  aecoaTplisihed  liy  woEikia^^  a  piece  of 
f'lwipi'r  in  Htjireh-aiuciltijfe,  tiryin^,  inoiRteflia^  with  the  sitspeetfd  fluid,  aad 
I  allowing  a  drop  of  nitrous  acid  to  fall  upoa  It,  If  iodine  is  preseni  in  the 
of  hvdriodie  aeid,  it  will  lie  deoxidized  by  the  nitrons  tieid.  lind  the  free 
c  will  form  the  characieristic  Iduc  color  with  Ike  stareli  paper 

The  old  view  as  to  the  saccharincfttion  of  starch  was  based  n[>on  the 
ptioii  that  tbe  diastatic  fernietit  tii*st  c»mverte<l  the  starch  into  dex- 
nd  that  then  dextrin  thron^h  hydmtion  was  converted   into  dex- 
This  view  baa  l)een  shown  to  Ik*  erroneous   by  Mnsenlns,  who 
that  the  subject   is  very  much  more  complex.     lie  staled  titat  in 
conversion  of  starch   into  sugar  all   tbe  starch  was  not  first  trans- 
,na*d  into  dextrin  and  then  into  sugar,  btit  that  these  two  bodies  were 
^iihaneously  formed,  and  be  gives  tbe  fullowing  formnla  as  rcprescnt- 
oouversion : — 


I 


Itbis  < 


HC.H,„O,4-aH,0^(„II,,O.+2C.n,.O, 

Htarch.  Iieittri>fve.  Dextrin. 


Even  this  view  has,  however,  In-en  modified  by  subseqnent  observa- 
I  According  to  the  view  of  MiiHCidtts,  only  33  [H^r  cent,  of  sngar 
loriginute  from  tlie  action  of  the  dia static  ferments  on  starch, 
^m  been  found  that  dextrin  also  is  converted  partially  into  sugar, 
50  to  30  per  cent,  of  sngjir  may  be  fortiied  in  this  way. 
t'S  <d*  the  actual  anion  tit  of  sugiir  develuiied  tli  rough  the  action 
listatic  ferment  on  starch  show  that,  instetid  of  83  per  cent.,  over 
Mil.  of  sugar  will  actually  form  ;  so  that,  therefore,  while  the 
liy  first  l>e  split  np  into  dextrin  and  sugar,  this  dextiin  also 
j»artia]  conversion  into  a  fermentable  sugar.  Consequently^ 
ae^tion  of  ptyalin,  starch  is  first  converted  into  dextrin  and 
I  then  tlie  dextrin  itself,  throngb  Ihe  action  of  tbe  ferments, 
"iiliseqiiently    a    progressive    hydration    and    results   iu   the 
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rormatloii  of  «  furthi?i'  qviantity  of  sugim     In  this  eonrersion  a  dd 
of  by -products  arc  fonnetl,  whieh  behave  ditferently  to  iodine  and 
BUgSLT  testa,  and  iu  their  action  on  polarized  light.     The  following  - 
shows  thesi*  ehnngea  in  outline: — 


«f.t^*i-rin     Retaining      Beliirfor 
Hfjtatjon.      ,i„^.^r.      with  lodiiMS. 


Other  TttntsL 


1. 

SoUible  stan-U,    . 

2im 

i; 

Blue. 

Prcfjpit 

aUH\  b?  un* 

niciiciilaiidflkTiltnl, 

3. 

Erythrodcxtrin, 
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•  * 
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tun  J) it: 
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ciilud, 

S. 
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Colorless. 
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4. 

Maltrtgc, 
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Gmpe-BUgii 

II 
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If  a  little  ml 
mimites  tlie  tbiek  umcuii^e  wn 
which  will  not  yield  either  a  i 
a  hi  lie  witli  iodine.     This  is*        i 
action  of  Kallva  on  standi — the 
time  is  allowed  to  elapse  Iwfu 
be  found  in  the  flnid,  eveti  tli 
A  few  miiiiit^'s  later,  te«tiny:  i 
of  sugar,  and  if  iodine  bt;  added 
diluting  this  and  addinpj  niore  iotu 


I,  thick  starch-paste,  in  one  or  twa 
averted  into  a  tbiii,  watm  fltmi 
r  sugar  reaetiou-  it  will  §till  gi%^ 
re,  the  first  stage  tu  the  digsUtie 

iiuiion  of  sohiljle  f^tnrt'li.     If  a  loti^ 

ding  is  iH^rfoniied,  j^iigiir  jirnvtbt-fl 

gives  a  distinct  blue  with  iiMliiw. 

the  presence  of  a  larger  qiumtlt; 

le  color  will  be  prodncHnl:  hui  on 

ii^  a  violet  color  will  apjx^ar,  filiowiwl 


tlie  preBenee  of  erytbrodextrin,  together  with  soluble  starch  ftiul  fiiig*f' 
After  a  short  time  iodine  ceanes  to  ^ive  a  hlue.  Imt  yields  a  tietifMtd 
color,  which  later  still  ^iehls  to  a  yellow ii*h-hr own  color,  and  tolly  i"^ 
color  at  all  on  the  addition  of  iodine,  while  all  the  time  the  <|imriUlV"' 
sugar  goes  on  t^teadily  increasing.  These  reactions  show  that  the  sokil^t^ 
fitareh  given  place  to  erythrodextrin,  giving  a  red  with  iodine,  fuid  M'j 
to  achroodextrin,  which  has  no  color  reaction  with  iodine;  wbilt'* fj^^"* 
the  fact  tliat  the  sugar  continually  inei-eases  an  these  Muhstant^s  S^^ 
api>ear,  it  is  evident  that  the  sugar  results  fnnn  the  progressive  con^^f* 
Bion  of  these  *U*fereut  forms  of  ery  thro*  and  achroodextrin  into  dnlt 
or  some  otLier  form  of  sugar.  MuscnluK  and  0'8ullivan  have  pF 
that  the  sugar  which  results  from  the  action  of  diastatic  femient*  ^^ 
Htarcb  is  mnltose^  which  is  a  fermcntescible  sugar  belonging  totbe^J'^P 
of  saccharoses,  having  a  fornuiia  of  Ci,Hj,Ou^  This  substance  a^l^W* 
the  plane  of  polarized  light  150"^  to  the  right,  while  dextrose  has  onljT*^ 
rotatory  power  of  +58^.  while  it  has  a  reducing  power  for  the  d 
oxide  sugar  test  of  OT"^,  as  compared  to  grape-sugar,  which  may  1«] 
at  100^. 

In  order  to  explain  the  above  results  it  is  necessary  to  assuffl* 
the  molecule  of  soluble  starch  is  a  composite  molecule,  compo® 
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sevenil  members  of  tli*i  starch  j^roup  Cijll„0„,  tmd  tliu  asHuraption  that 
the  molecule  of  rtolublt:  *^tareb  has  the  f*»niiyhi  i»f  ll*(CHHa/>i^)  greatly 
facilitates  the  eoinpreheiiHiim  of  the  i>rogrt!SHive  hydrulysis  of  siiirch  by 
cUusUise  (Brown  aiul  Hertiii). 

Accunliiig  to  this  view,  the  etmip^site  uioieciile  of  ,soliihle  ^^tareh  m 
resolved  through  the  Metioii  of  diaNtnse  iJito  two  iii<jlee*ile8  of  aehroo- 
dextrin  and  eight  inoleeuk-s  uf  luattosi.'  hy  the  following  suecession  of 
steps : — 

One  molecule  of  soluble  stiinh^lO(t'iaHj(jO,  J  ^- 8(11^0)  = 


I,  Ervrlirotlcxlna, 

3. 

3,  Ae!iroud*fjttriii, 

4. 

5. 

0. 

7, 

8. 


a    l*(i',JL„(>,„)  f    ((*,JI,,(»,t)  maltose, 
a     T(t\,U,„0,„j  -i   ;*((*!  Jl,, On) 


The  iiufti  reBiilt  is  thus  represented  l>y  tlie  tHinatimi  i — 

HiiJuMe  SUrch.         Water,  Maltoee.  ArhnuMlpxtriii. 

Through  the  action  of  tlie  diaslatic  ferment,  therefure,  the  lar»i:e 
molecule  of  gehitiuous  Htarcli  is  tirst  separated  into  its  eomiMjueiit  niole- 
cnle«  of  soluble  starch,  And  if  we  assunie  that  this  eomposite  moleciiJe 
of  soluble  starch  is  compose*!  of  an  aggregation  of  ten  groups  of  the 
mdicnl  C\,U3,<)„,  then  progressively  each  one  of  tliesf  radicals  iiKsnmes 
cJUL*jitunj  i>f  wiitcr  nnd  liecomes  a  niolecide  of  maltose,  the  remaimler  of 
Ibp  starch  molectde,  at  the  withdrawal  of  each  radical,  constituting  one 
nioli-enle  of  the  intermciliary  dextrin  series.  The  (k-xfrin  iiioleeuie  thus 
l*womea  sniiillcr  and  smaller*  that  is,  contains  fewer  antl  fewer  comiionent 
f'ladicala.  the  higher  dextriiis  giving  a  red  with  iociine,  w^hile  the  lower 
•<1<*Xtrins  give  no  rcnetif)!!  witli  iodine  ( Roberts),* 

In  orik*r  that  starch  shouhl  be  converted  by  saliva  into  sugar,  it 
[fa  necessary  that  the  Unid  be  kept  at  the  temperature  of  aljont  39'-'  or 
f ^®  C»  A  tem]jeratiire  elevated  above  this  will  prevent  conversion  i>y 
llftstroying  the  ferment,  while  a  knver  tcin]ieriiture  will  retanl  it,  and  the 
Iti'njjwratnre  of  freezing  will  prevent  it  completely,  although  the  power 
pignut  lost  and  may  T>e  regained  when  the  tem[>eratnre  is  again  elevjited. 
[This  trans  To  nnation  is  produced  in  a  neutral  or  feebly  alkaline  mctlium, 
k1  also,  though  to  a  much  less  degree,  in  a  weak  acid  medium.  An 
%ce^  of  alkali,  or  even  a  slight  degree  of  acidity  (half  of  1  per  cent,  of 
hydrochloric  acid),  will  |>revent  it  conn>letely.  This  is  a  [mint  worthy 
If  noteT  since  it  indicates  that  the  degree  of  acidity  present  in  the 
lice  during  active  digestion  is  snllicient  to  interrupt  tlie  action 
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oT  |*tyiiliii  on  starcli.     It  will  lie  found,  however,  tlmt  hyclrocblorie 
doeH  not  appear  tii  the*  ga.^tric  jiiiee  of  the  horse  until  the  hitter  sti^^i-ia 
of  gsistric  digestion »  the  acidity  In  the  early  stages  being  due  to  tbi' 
presence  of  lac  tic  aehL     It  lias  further  l>een  proved  tliat.  lactic  acuL  ' 
eveu  when  present  in  2  or  3  per  cent.,  will  not  arrest  the  conversion  of 
starch  l>y  tlie  saliva.     Therefore  in  the  horse  starch  may  still  be  eon-  i 
verted  in  the  stomacli  into  sugar.     In  the  runiinaut  atiiinal  all  the  starch  1 
is  probably  converted  into  ssugiir  in  the  rumen,  whei-e  the  reaction  is  ' 
alkaline,  ami  here  also,  therefore,  the  acidity  of  the  gastric  juice  does  not 
interfere  w^ith  the  digestion  of  starch,  even  though  it  may  not  taVte  plaee  i 
in  tile  stomac^h,  whatever  stjireh  escapes  the  saliva  lieiug  iicted  on  hv 
tlji^  [pancreatic  juice.     In  carnivuni,  where  the  gastric  juice  is  highly 
aeid,  starchy  matters  seldom  enter  into  the  composition  of  their  fmxi, 
while  in   the   t^mnlvora,   man  esitecinlly,  the  saliva   possesses  a  lii*rlK'f 
diastatie  |»ower  than  in  other  animals  ^  tlicrcfore  the  eonver«lon  of  ^tarcb 
in  the  mouth  will  l>e  much  more  rapid,  and  even  though  suspendeil  inthi; 
stomach,  is  again  resumed  in  tlie  Muudi  intestine  under  the  aeti<m  of  thr 
pancreatic  juice.     So,  also,  when  the  amount  of  sugar  formed  retiehc* 
from  1^  to  2^  per  cent.,  saechariiicatlou  is  arrested,  but  will  l>c  renewed 
when  the  fluid  is  diluted.     The  tnins formation  of  boiled  starch  mueilngi' 
is  very  much  more  mpid  than  thnt  of  raw  starch.     This  is  due  to  the 
fact  that  it  is  only  the  granuh>se  of  the  starch  granules  which  is  cm- 
verted  Into  sugar.    In  the  raw  starch  granules  tlie  granulose  is  conlainrd 
in  an  unyielding  cellulose  enveloi>e,  and  is  not  accessible  to  the  saiiv$rj' 
fermeuL     When  starch  is  boiled  tlie  cellulose  envelopes  are  ruptiiml; 
the  granulose  then  passes  partly  into  solution,  and  is  then  reatlily  actd 
on  by  the  saliva. 

The  diastatic  action  of  the  saliva  of  differeut  animak  varies  wiyoon* 
siderably.     In  almost  all  it.  is  les^s  active  than  in  man,  with  the  jjosaiM* 
exception  of  the  saliva  of  tlic  herbivora.     The  latter  apix^ars  to  lieiooi' 
active  un  niw  starch  than  that  of  the  eanuvoroui  anitnals.     Thus,  ttliw 
l>een  found  that  the  saliva  of  the  horse  will  convert  crushed  raw  starch  into 
sugar  in  one-quarter  of  an  hour,  and  it  has  been  proved  experiraent&ilj 
that  in  the  horse  the  conversion  of  raw  starch  into   sugar,  througli  t^ 
action  of  the  saliva,  takes  place  in  the  stomaclL     It  is  worthy  of  not^ 
that  the  individual  salivary  secretions  of  the  horse  appear  to  i)08^ 
this  amylolytic   [lower  to  a  lesw  degree  than  the  mixeil  saliva.    Itl*»* 
been,  however,  found  that,  in  addition  to  aeting  on  starch,  the  sjilii'*'^' 
the  horse   is  also  capable  i>f  converting  cane  sugar  into  grape  8"2*f' 
The  Willi va  of  the  horse  is  further  inactive  on  the  cellulose  of  hay* 

Examination  of  the  substances  escaping  from  an  (esophageal  UW 
in  the  Inirsi*  fed  or*  istarchy  food  shows  that  practically  no  CiHiYt*f*i^'" 
of  stareh  into  sugar  occurs  in  the  mouth,     Tkls,  indeed,  wonhl  Iw  ** 
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j>ectetl  from  tlie  fact  tliut  niw  stnrt'b  rtvjuiri-K  seveml  minutes'  contact 
with  the  saliva  of  the  borst*  to  bo  coiivertini  into  sugar.  It  is  not  to  he 
therefore  conduced  lliat  the  ainylolytk'  |)ower  of  the  hu livji  is  of  no 
pfiictiral  valm%  j^ince  it  will  be  foiNul  tbat  in  the  horse  tbt*  ehemiral 
action  of  the  i^Jtlivu  may  eontiiine  in  tlie  stomaeh. 

In  the  ruminants  ihe  diastatic  attitin  of  the  saliva  i«  probably  about 
the  same  as  that  of  the  horse »  but  the  conditions  fur  the  convention  of 
jiinreh  into  MU^arare  more  favorable,  since  tbc  saliva  is  constantly  bcin^ 
secreted,  constantly  swallowed  antl  carried  to  the  rumen,  wliere  it  meets 
with  the  most  fa vu ruble  conditions  for  acting  on  the  starch — in  other 
words,  an  alkaline  nicUinni  eoiisidcrably  diluted  and  an  eleviited  tcni- 
j>erature. 

Of  the  otfier  animals,  the  following  series  represents  the  diastatic 
action  of  the  saliva,  it  being  most  marked  in  the  first  animal  and  least  in 
the  ladt :  hi>g,  rat,  rabbit,  cat,  dog,  slieep,  and  goat.  In  all  tlu*  domet<tic 
animals  the  parotid  sahva  ijosscssch  tije  highest  degree  of  amylolytic 
power.  Tlie  orbital  gland  of  the  dog  appears  to  produce  no  amylolytic 
ferment'.  All  the  so-c*alled  antise[»ties  and  stronger  chemieal  agents  pre- 
vent the  action  of  the  .salivary  ferment.  The  duration  of  the  action  of 
human  saliva  on  raw  starch  before  the  presence  of  sngar  can  be  detected 
18  as  follows:  On  iiotato^stareli,  after  two  to  four  days;  on  starch  from 
peas, after  one  and  oiie-third  to  two  hours  ;  on  wheat-st»rcb,  after  one-lia!f 
to  one  hour;  on  bar  ley  •i^tarcli.  after  ten  to  fdteen  minutes;  on  oat-starcU, 
alter  five  to  seven  minutes;  on  rye-starcli,  after  tiiree  to  six  minutes;  on 
corn-starch,  after  two  to  thrie  minntes. 

If  raw  starch  is  finely  eomininutetl.  as  l*y  grinding  with  powdered 
glass,  the  time  of  the  reducticui  is  eonmderably  rcdnced. 

Extracts,  or  the  secn^tion  of  the  ^litferent   salivary  glands  in  the 
doineslie  animals,  are  entirely  inert  on  fats^  proteids,  and  cellulose. 

7.    Jl*e  Mevbammii  of  the  SaJitmrfj  St^vreiion. — The  numerous  inves- 
►  Uirivtions  which  have  Wen  untlertnken  to  explain  the  meehanisnr  of  salivary 
^Ttlion  have  yielded  results  of  far  mi>re   imiKirtancc  tlian   tliiit  which 
tkey  j>ossess  as  bearing  upon  the  seeretiun  of  saliva  alone.    It  is  from  the 
^^m]i%  tjf  these  experiments  that  has  been  deduced  all  our  knowledge  of 
^ilttiuhilar  secretion,  its  de])endenee  np*Jii  the  nervous  system,  and  its  rela- 
tion to  the  eireulation.    In  the  case  of  the  saliva  it  has  already  been  men- 
tit>iii%l  that,  under  ordinary  eircunistanees,  in  all  animals  the  secretion  of 
tliewiiliva  is  either  remittent  or  interrnittcnt.     In  other  words^  as  a  rule 
tf^U  f-nough  saliva  is  poured  into  the  nnnith  during  abstinence  to  keep  the 
siirlnces  moist.    When,  howi^vtn-,  food  is  taken  into  the  month  and  the 
I  process  of  mastication  commenced,  or   in  the  ruminant  animal  during 
tljf  ]>roi*ess  of  rumination,  the  serretion  of  the  salivary  glands  is  at  once 
iy  increased  in  activity.    Fuilher,  allusion  has  bi-en  made  to  the  fact 
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that  th(?  qimntityof  saliva  piMirrd  nut  variej^  under  many  different  Hrewm* 
stances,  as  to  the  eliarai'trr  of  the  (Vio(U  and  the  piiile  rm  wbieb  imL^ti- 
eation  is  takiiijLi:  phic^e.  It  iniL^ht  he  alreadj  eoneUule*!  from  th'tJ*.  tLnt 
the  secretion  of  Balivii  is  a  refli^x  action  and  is  under  the  control  of  the 
nervous  system.  As  hmtr  ag<i  as  1832  Mtt^elierlit*h,  from  stiidie«i  ma«lej 
on  a  t»atienl  willi  a  f*alivary  tistula,  lirst  suggested  tlmt  the  salivar 
secretion  was  under  tlie  inttnenee  of  tlie  nervous  system,  and  in  sup}>ri|j 
of  that  statement  allnrled  to  the  faet  that  while  the  secretion  of  saliv 
was  independent  of  the  will,  it  might  hv  railed  fortli  by  stimulation  < 
the  mucous  meml*rane  of  the  tongue  and  mouth,  either  chcnaically 


whi«h  numlfj  HbuM  et^rtiitnx  rrvm  Iho  «ii(i«rlor  i^rrieal  faof  Huh ;  /\  iDtcmAt  ina,i 

meehanieally,  stimulatiou  of  the  nerve  of  smelK  or  stimnlatinn  of  th 
gastrin  mneons  nienihrane  liy  the  food.     It  thus  is  clear  thai,  the  f%tM."iTtl(Wi 
of  sali%'a   is  a  rclk^x  aetion,  for  whieh   I  here  must  W  an  afferent  fi^m> 
an  ind<*])enfkMit  nerve  centre,  and  an  clferent  fibre.     From  the  fa«*i  iN 
the  sulimaxillary  gland  is  the  most  exposed,  and,  therefore,  tlif  moA 
readily   o|ierated   on,  the   inlluence  of  the  nerves  on  the  secrelfun  «if 
saliva  liast   been   most  studieil  in  the  ease  of  this   gland.     The  afferrol 
nerve  fibres  of  this  reflex  circle,  in  the  ease  of  the  submaxillary  ^J*"^* 
are  the   lingual   branch   of  tlie   fifth   [Kiir  and  branches  of  the 
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pharyngeal*— the  nerves  of  tawti*.  Tlte  centre  is  in  the  uiediiHa  ol*lon- 
gata  and  the  elTereiit  fibre  i^  the  chorda  tyfnpani,a  l>ranch  of  the  seventh 
^be  facml — nerve  (Fig,  11 U).  The  iiiriuenee  of  tliese  nerves  on  tlie 
■eretion  of  saliva  is  readily  proved  hy  exiK'riment 

^r  The  aoiniHl  on  which  this  experiment  is  usuully  performed  is  the  doi^.  The 
5p«*Tntiott  is  perfonneil  tiA  fbllows4 ; — A  larj^c  dog  is  cUhirofonncd  and  fiisleiied  in 
riiTniird's  dotr-holder.  Tlie  Jiair  h  shaved  from  tlnj  lower  snrttue  oflhe  jawp  and 
iie  aide  of  the  neck,  and  an  iiieision  made  «iion>r  the  lower  hurder  of  the  U>wer 
iiw.  oomnieueing  ahout  its  anterior  third  and  extending  haek  to  the  transverse 
iroeess  of  the  iitliis,  divklinjy^  tlie  skin  and  jihitysma  nmsrle.  At^er  elearing 
iwjkv  the  connective  liiisue  and  fat,  farernlly  avoiding:  tlie  vein?*,  l!ie  submnxilhiry 
IJm'I  ratines  into  view  just  below  tlie  angle  of  the  jaw.  It  h  tben  seen  ihat  the 
Hp  I  the  angle  formed  hy  tlie  junction  of  the  two  veins  wliied  go  to  make 

Kl'  '"^l  jugrular  vein  (Fig.  120),  one  hraneh  comlnj^  from  ahovo  downward 

'^-  nd  the  gland,  and  usually  rceeivintr  a  small   vein  fn*ni  tlie  ^land 

the  lower  branch  nms  hori/.on tally  helow  tlie  gland,  and  is  formed 
•  111'  ruociion  of  two  other  hntmhes,  one  coming  frnin  above  and  the  other  from 
>w.      The  horizon lal  branch  also  very    constantly  reeeives  a  vein  from  the 


2' 


s. 


fTP:  Rl^UVAXlLLAnY  Gl,ANO  i»K  THE  IVin.     iHernari1,) 
njjiJ  j»in*Jw  vein  4itW|iiiK  \aui  rwu  lirnnfliCAi  J*  audjff.  vtim  »hkh  mr* 
...    „ i:  r^  nhturior  i;1iin<JiilHr  ^em  :  </',  j<<.til«ri<ir  glundiiilftr  ^«iii. 

Both  branches  which  go  to  Hirni  llie  horizontal  branch  are  lied,  the  fine 

:   from  above  rcreivjnir  a  double  lisraiiire  where  it  eome*?  from  the  ramus 

jaw.  and  the  otherwhere  it  joins  its  tellow,  I  be  inlennediate  ^Nirtion  beinjaj 

itviil,     AlYer  havinj;  carefully  removed  thi'  cellular  tissue  Inmi  I  he  portion  of 

f  wound  in  front  of  the  gbind.  the  Ihiek   belly   of  the  dipistric  nniHcJc   romes 

I  view,  it?  fibres  run  nil!  ir  forward   from   it*^  oripn   in  the   tenipoml  bone  to  t>e 

Prted  in  the  middle  third  of  tbf  niiiois  of  the  lower  Jaw  innnetliatcly  iu  front 

|hf  insertion  of  the  mussel er,  frr>m  wbicb   uuisrle  it    is  sepaniled  by  a  sli^^bt 

In  fnjnt  of  the  dttrasiric.  the  tloor  of  the  wound  is  formiHl  by  the  tram*- 

r  flhrvi^  of  the  mylohyoid  museU\  erot^sed  by  the  mybrhyoid   nerve,  which 

«  nut  from  under  the  jnw  at   the  point   of  insertiim  oY  the'  di_L^'istric  muscle. 

Iconnertive  ilssnc  is  then   trradiuilly  to   be  cleared  away  with  a   bbtnl    hook 

the  surface  of  the  di^rasitric  musele  mid  from  the  srroove  bet\ve<'ii   it  and  the 

ter  tousclc,  taking  care  to  avoid,  as  the  ileeper  portion  Is  reuebed,  the  facial 

1.  which  passes  over  the  jaw  to  run  between  these  muscles,  luid  the  artery  of 

and.  which  cotne)*  fnmi  the  fiicial  artery  and  goes  In  this  groove  back  to 

kind.     In  the  same  locality  lie  also  the  ilucts  of  the   gland  and   the  chorda 

uii  nerve,     The  digastric  muscle  Is  now  to  lie  se]ijinited   by  means  of  an 

■m  needle  from  tbe  facial   artery,  avoiding  all  the  ti<ljaeent  structures,  and 

cular  arterial  bninch  tied.     The  muscle  Is  then  divided  at  its  anterior  third. 
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or  where  it  is  inMerted  iiitn  the  Jiiw«  nnd  it!»  posterior  extrt^niity  seized  wltli  a  pairi 
of  artery  to  rce  I  IS  and  giudually  cleared  Imrk  to  ita  insertion  in  I  he  temporal  l^^uej 
ftntl  surrounded  by  a  ligature.     When  it  m  j*sHured  there  is  nothineJ  but  mu^rukr  J 
fllriic'ture  in  the  i^rajtp  of  the  lij^ature,  it  is  pushed  hack  to  the  tetnporal  bonejand" 
tied,  and  the  clijnjastric  muscle  divided  in  front  of  the  ligature  aud  removed.    On 
carelully  tearing  away  the  eonneclive  tissue  at  the  base  of  the  wound  and  drawing 
hark   the  submaxillary  island,   there  is  exposed  a  triangular  cavity  (Fip.  121), 
This  space  is  limited  above  and  liehiud  by  Ihe  under  surface  of  Ihe  subniaxtl- 
lary  gland,  into  the  hyluni  of  which  enter  the  arterj',  chorda  tymimni  and  sym- 
pathetic nerve  fibres,  and  the  glaiidulur  duct.     Its  lower  margin  is  formed  by 
the  genio-byoid  iiiusele,  and  its  ii]>per  border  by  the  ramus  of  the  jaw  and  ibe 
masscier  muscle.     The  auterinr  portion  of  its  floor  h  fonned  by  the  tran«*Tefs« . 
fibres  of  the  mylo  liyoid  muscle,  on  \\liU:h  ramify  the  branches  of  the  niylo-hyoid  j 
nerve.     At  the  posterior  portion  of  this  Bj)ace  the  external  car«itid  artery  entenj 
and  runs  along  the  base  of  the  triaogle,  giving  off  first  the  lingual  and  then  the  1 
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Fm.  121.— Parts  Exposed  in  Operations  ox  the  8iTB3tAXii.LAiKT  Olajtd 
OF  THK  l>oo.     iHrrfiard, 

M,  »nt«rii<r  |iortliin  of  rl---^ 
diirutrti?  riijnii>l  np  *o  ikj  to  -r 

t«lii;   J^  pkvldrjiMr  lirttfich  . 


■■■'f  el*vftM  with  ■  tDTi 

U,  mkUmKxiUu'V  ni 
lirKorb  :    D.  icUnilulii 


U,  maiiMBr  maMk  mt  mii|tl<  of  lower  j^w  i  Z.  *in|rlii  of  myhi^hjroid  ii«rv«. 

facial  arteries,  from  off  the  latter  of  which  comes  the  artery  of  the  ^land.  Almwl 
immediately  after  enteriui:  this  sptice  tlie  nirotid  is  crossed  bv  the  Urgi*  feypo- 
glossal  nerve,  runnintr  tbrward  lo  be  (Ustrihuied  to  the  muscleaW  the  tongiuv   If 
this  nerve  is  divided  at  the  point  where  it  crosses  the  carotid,  and  the  eentral  td 
removed,  the  pnenmogastrSc  nerve  romes  into  view,  hing  behind  the  jirfery    <>i> 
(Milling  to  one  sicte  the  vagus  Inink.  hetow  ami   l/ehind  it  can   be  seen  tin'WliUf 
trunk  of  the  synipsifhetic  nerve,  whirli   here  Heimrates  itself  fn>m  tbe  v 
form  the  superior  cervical  ganglion,  fnmi  which  two  small  filaments  pa- 
aecomimny  the  earntid  and  the  artery  of  the  clnnd  to  enter  the  liylum.     >■  .i- 
the  symimthetic  fibres  also  pass  into  the  gland  alonir  the  arterial  hmneli  wbidi 
comes  from  the  temporal  bninch,  and  enter  thr  exterior  jwirt  of  the  gland.    Tiien 
to  expose  the  chorda  tympani  lunl  salivary  dnets,  the  fibres  of  the  niytn  lipi<^ 
muscle  are  to  be  divided  transversely  at  aboni  their  middle,  avoiding  every  nt'rrr, 
but  tying  all  veins,  and  the  upper  half  of  the  muscle  reflected.     The  lingtt'jit  nrrve 
then  comes  into  view,  passing  trom  under  the  ramus  of  the  jaw  and  nimH 


Pig.  rJ2L— NBRVKa  ov  thk  SniiM axh^laby  Oi.anij  in  tiir  DtKi,    i/it-rnarti,'^ 


ft.  Wi^milltirj  fflmitd;  K^  tabmiLSlM«ry  dnoi;   C.  tjrimitivp  camti 
■  ■         '  '■.'■-         ^1^1^  iho*  the  iU|«s 

c<>nrfc»l  n«nr«s: 

ifWli  „  .    .  

rraa  tymfMuif,  T,  which,  mf^mr  ^nMMtnmftniuiti,  with  Ibt 


riMftMdali  II  ll<  hy^r*«''-«« 


fj,  litifrtial  artery  ;  O,  pTKoduUr  trtsry,  b<imtM>H 
ervicml  nnjclici'ii ;  V,  pnei 
rnl   pair  uf  pcnricK)  n«rir«s:  R  K>  ||lM«to-f>liiin  ngenl  »«nr«; 

iH«  cau^itid  f>l«i:ii«;  F,  flbra  j 
.'vml  aarvt.  nfhinif  off  ttiB  obow      ,     .       .     . 
i''tf  ratiinaxilljairj  jrlasd  ;  S^  «xt«nuil  brttncb  of  iHe  atiiiiKl  aocsaMaiy  oerr*. 


•ij^idofl  w  M  t«  iho*  the  iuiHsriwr  rtrvicml  nnjclui'ii ;  V,  pn«umufctjtric  m^rrw:  F, 
~1>  l|lM«to-i>liiinnfe«l  »«nr«;  I,  mnterirtr  aiiiin««lt 
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downward  unci  forwiird,  nhonl  pandlel  in  direction  with  ilie  liypogloMaJ^j 
drawing  Ike  purls  lowsird   tlic  niiddlr  line,  Ihe  two  Rulivnrj^  ducts  are  tieen  i 
aUniir  tiost^  toifutluT,  immediaiely  hehtw  ilj*'  ramus  of  (lie  jaw,  the  subniaxiTI 
dut't  lyinju^  nmrcr  Ihe  hunt.'  and  being  a  Utiles  the  larger.     On  irjicintj  back  ibej 
linguiii  nerve  to  where  it  piipses  frtini  under  the  jiiw,  il  will  he  seen  t hut  a  delicate  ] 
nerve-filanu-nt  here  leaves  the  linijUiil  and  curves  tmckward  along  theduets-ioJ 
enter  the  hyluni  of  the  ijliinii.     This  is  Ihc  chonla  lympiinL     Iinmedititely  tiftiT  J 
the  chordii  leaves  the  lin^iml  there  is  soniethnes  seen  ti  nmail  ^ungl ionic  enlargr-  ■ 
ment,  known  lis  the  submaxilhiry  giintrlion,  and  us  the  clHirdu  tyiupiini  enten*  the  I 
hybmi  it  tV»rni8  a  slight  ganglionic  plexus  with  the  synijmlheiic.     The  nerve*  »Dd  J 
biotHl'Snpply  ot"  the  siihnnixilkiry  gland  of  the  dog  aVe  further  shown  in  Fig,  Vi 
Eacli  of  liiese  nerves  which  it  is  desired  to  study  should  be  carefully  isolated  and 
surrounded  with  a  thread,  and  a  cannula  should  bo  inserted  into  the  fiuhmuxillarj 
duct.     To  facilitate  this,   the  duct  should  lie  freed  slightly  from  the  connective 
tissue,  and  closel  with  a  clip  or  ligature  ;  as  the  ghmd  is'ims«ive.  the  chordii  should 
be  stimulated  with  a  very  weak  electric  current  for  a  few  seconds,  go  a8  to  diMemi 
the  duct  with  saliva,  and  a  small  slip  of  wood  passed  under  it  to  act  as  a  support 
If  the  duct  is  then  seized  with  a  t>*iir  of  fine  forceps  and  snipped  with  a  pair  af 
aharp-fHonted  scissors,  a  cannula  may  be  readily  inserted. 

The  above  is  the  mode  of  operation  emtdoyed  by  Bernard*  and  permUj?  o( 
the  performance  of  all  the  more  important  experiments  on  the  physiology  nf  tbe 
secretion  of  the  suhmaxilhiry  ghind.  Where  it  is  simply  desired  io  demonstrate 
the  secretory  action  of  tlie  cliorda  tympani  nerve,  the  o*p<*nifion  may  be  grt-hllj 
simplified  by  simply  cutting  directly  down  on  to  Uie  mylo-hyiiid  muscle,  dividing 
its  fibres  transversely,  and  exposing  the  ducts  and  chorda  tym|:>ani  nerve  by 
turriing  the  jiiirts  hack  toward  the  nvmiis  of  the  jaw  In  the  ^heep,  the  £>iM'ni!k»D 
maybe  performed  in  the  same  manner,  the  duct  originating  in  the  union  ofi 
numher  of  roots.  In  the  i-abbit  the  ojicratitjn  is  much  more  difficult  from  the 
extreme  fineness  ot  the  duct  and  the  fad  that  il  is  surrounded  by  the  lis*ueoI  the 
sublingual  gland. 

After  having:  performed  the  operation  as  detailed* above,  the  Or»t 
point  whicb  should  be  deinoiistmted  is  the  fact  that  the  seen*tionof 
snlivn  in  a  ivficx  nction.  and  tbnt  the*  reflex  circle  is  hs  stnted  alwve.  IT 
a  lew  drops*  of  vinegar  are  phiced  tipoii  tht?  tongue  of  a  dog  provided 
witii  a  subtnaxillarv  fif^tnla,  nlniost  imniediately  a  profuse  aeoreticmof 
snliva  will  set  in,  nnd  the  fluid  will  run  from  the  mouth  of  the  tube.  If 
the  trunk  of  the  liuiruiil  ucrve  18  divided  near  its  entrance  to  the  iiiaulli, 
and  then  vinegar  or  acetic  acid  plaeetl  on  the  animar^  tongue,  iio 
secretion  will  result,  unle*5s  the  stimulatinij  fluid  reaches  the  Ixack  of 
the  month,  where  it  nmy  come  into  con tiict  with  the  terminal  fibre* of 
the  trlosso-[dmryn;reid  iiervr*.  If  the  central  end  of  the  divided  lingiwl 
nerve  is  stiniiiliited  with  a  weak  electrical  current,  a  profuse  secretion 
of  saliva  will  be  set  np.  Therefore  the  lingtinl  nerve,  and,  to  a  certain 
extent,  tlie  ♦rlosso-phnryngeal,  constitute  the  afferent  path  by  which  ik 
sensorj'  imi>re9siou3  necessary  for  the  reflex  action  of  saliva  rrt»fl> 
the  brain.  The  nerves  of  taste  are,  therefore,  the  afferent  nerves  for 
the  secretion  of  snliva.  The  nerve  centre  lies  in  the  medulhi  oblonsiitii. 
and  there  proUaldy  exclusively,  although  Bernard  thonofbt  that  he  M 
shown  that,  under  certain  circumstances,  the  snhniaxiUary  ganglion 
niij^ht  act  as  a  refiex  centre  for  this  process.  The  efferent  nen^e  i^  lb« 
chorda  tym|>ani.  This  tierve  is  a  delicate  filament  w  hieh  leaves  tbe  trunk 
of  the  facial  nerve  in  the  Fallopian  canal  aliout  four  or  five  millimeters 
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before  it  passes  out  of  the  stylo-mastoid  foramen,  and  then,  arching 
upward  and  forward,. enters  the  middle  ear,  which  it  traverses  from 
bebiud  forward,  l^'ing  within  the  thickness  of  the  membrana  tyrapani. 
Here  for  a  space  of  six  or  eight  millimeters  the  nerve  is  comparatively 
isolated,  lying  between  the  handle  of  the  malleus  and  the  vertical  process 
of  the  incus.  It  then  passes  toward  the  Glaserian  fissure,  and  leaves 
the  skull  in  the  neighborhood  of  the  spine  of  the  sphenoid  bone  to  join 
the  lingual  nerve.  It  has  already  been  stated  that  stimulation  of  the 
central  end  of  the  lingual  nerve  calls  forth  a  secretion  of  submaxillary 
«Ji\**.  If,  however,  the  chorda  tympani  nerve  be  previously  divided, 
stimulation  of  the  lingual  is  without  effect. 

The  simplest  method  of  dividing  the  chorda  tympani  nerve  is  to  cut  it  where  it 
croflses  the  t^^mpanum.  This  may  be  accomplished  by  introducing  a  small  sickle- 
ihaped  knife  into  the  external  auditory  canal,  the  animal  being  profoundly  chloro- 
fonned,  keeping  the  cutting  edge  upward,  and  passing  the  l)ack  of  the  blade 
downward  and  tbrwanl  along  the  inferior  wall  of  the  meatus  until  the  tympanum 
is  retched.  Pushing  the  blade  through  the  tympanum,  the  knife  is  inserted  in 
the  middle  ear,  and  on  depressing  the  handle  of  the  knife  in  this  position  the  nerve 
n  divided. 

The  fact  that  the  chorda  tympani  constitutes  the  ett'erent  nerve  in 
this  reflex  circle  is  not  only  proved  by  tlie  experiment  just  alluded  to, 
where  its  division  prevents  the  flow  of  saliva  after  stimulation  of  the 
lingual,  but  may  be  positively  demonstrated  by  its  stimulation.  If  the 
chorda  tympani  nerve  is  directl}'  stimulated  with  a  weak  induced  electrical 
current  just  after  it  leaves  the  linjrual  trunk,  in  a  few  seconds  the  saliva 
W;iins  to  flow  from  the  cannida,  and  runs  in  finite  a  streiun. 

It  has  thus  been  shown  tiiat  the  secretion  of  submnxilhirv  saliva  is 
a  reflex  nerve  mechanism;  that  the  sense  of  taste  is  the  normal  stimulus, 
amltliat  this  stimulus  reaches  the  ])niin.throu<;li  the  fi])res  of  the  linjrual 
and  glosso-phar\-ngeal  nerves,  and  is  transmitted  to  tiie  *i:lan(l  from  tiie 
niwluila  through  the  fibres  of  the  chorda  tympani  nerve.  We  iiave  now 
to  study  the  mechanism  hy  which  saliva  is  sei)arate(l  by  the  ^land  from 
the  blood  and  the  influence  of  the  various  nerves  and  ditferent  conditions 
of  the  circulation  on  this  process. 

If  the  submaxillary  gland  is  exposed  as  described  above,  and  the 
oliorda  tympani  nerve  stimulated,  not  only  is  there  a  copious  secretion  of 
saliva,  but  the  appearance  of  the  gland  itself  undergoes  great  change. 
If  examined  before  the  nerve  is  stimulated,  the  gland  will  usually  api)ear 
pale.  A  few  arborescent  vessels  will  be  seen  upon  its  surface,  and  the 
Ijlood  which  leaves  the  gland  is  dark,  and  the  vein  small.  When,  how- 
ever, active  secretion  is  produced  through  stimulation  of  the  chorda 
tympani  nerve  the  surface  of  the  gland  becomes  rosy  red.  Numerous 
^'ranching  vessels  are  seen.  The  blood  that  flows  from  the  gland  is 
almost  arterial  in  hue,  is  much  larger  in  quantity,  and  the  veins  are  seen 
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to  pulBate  sjnciironouily  with  the  heart.  Evidently,  then,  stlmulatioa 
of  the  chorda  tym[)ani  nerve  increases  the  blood-siipply  of  this  glaoii^ 
either  through  tin  active  dilatation  of  the  ressels,  or  more  probAUf 
through  an  inliibition  of  a  hieal  vftso*motor  centre.  An  analogous  n'4*ull 
will  lie  seen  in  the  ctLseof  the  depressor  nerve,  a  nerve  whose  iitimuliLlioa 
prodtieeii  panU^^fiis  of  the  vaso-motor  centre  and  consequent  dUation  of 
the  bipod -vcssela  Two  result©  then  Ibllow  stimulfltion  of  the  cliorrj* 
tvuipani, — an  abundant  secretion  of  saliva  and  a  marked  hj[wr*mk  of 
tiie  ^iMnd.  Betbre,  however,  the  relation  between  these  resnlls  are  dis- 
cussed, the  iiitluence  of  the  ©ympathetic  nerve  on  the  aubmaxilkry  gliod 
Miuet  be  alluded  to. 

As  is  well  known,  a  constant  result  of  stimulation  of  a  0bn?  of  Ik  , 
s^^nn pathetic  system  is  a  contraction  of  the  arterioles »  nnd  a  cons«?ttBrJJt 
diminution  of  the  supply  of  i>lood  in  the  parts*  supplied  by  tlie  tiervt*.    If 
the  filament  which  leaves  the  superior  cervical  gaugUon  and  jki^si^s  la 
the  ftubmaxilhtry  glaml  aloug  the  carotid  is  irritatini  with  a  weak  iudndi^AU 
euireut,  there  is  a  raomeutary  flow  of  saliva*  ami  the  character  of  ilw 
secretion  so  produced  dilfers  from  tbat  which  HjUows  »<tiinuhitit)a  of  t^ 
chorda,    Sympatlietic  s^aliva  is  very  visciti,  and  can  Ik?  drawn  out  hi  a  bn^ 
thread  from  the  orifice  of  the  cannula.     It  is  of  higher  specitic  gnivity 
and  richer  In  orj^anic  elements  thun  that  which  follows  ttimulatioii  of  tlif 
chorda,     lu  other  words,  the  chorda  saliva  contains  a  ma:3Llmum  qmttm 
of  water  and  a  minimum  of  organic  elements^  while  in  sympathetic  ^alf^Ji 
the  proportions  are  reversed,     So,  also,  the  effects  of  the  i^ymi':it!i'i  ■ 
stimulation  on  the  blood-supply  of  the  submaxillary  gland  dHlit  ir^^ 
those  of  the  chorda  tympani.    If  the  sympathetic  ^lament  is  irritntdttbi! 
arborescent  vessels,  especially  over  the  surface  of  the  gland,  disupp**'. 
and  the  limne  of  the  gland  becomes  pale  and  the  vein  of  the  gliuitl  m- 
tmctetl  and  carrying  a  small  quantity  of  black  blood.    In  fact,  therrfoft 
in  botli  respects  the  function  of  the  sympathetic  and  chonia  t;    ' 
nerves  are  antagonistic;  and  if  each  nerve  l>e  stimnlated  altenu^  ; 
short  iTitcrvals  with  the  current  which  applied  alone  to  eitht^r  nHW 
would  prod  nee  its  characteristic  ciTeet,  there  is  no  result.    Evidently- 
then,  there  is  a  complete  opposition  in  function  in  these  two  i\er^^ 
Hut  is  the  secretion  of  saliva  simply  dependent  upon  the  vasciibr  t^ori^ 
ditiim  of  the  glands?     Does  the  gland  act  as  a  sponge,  liltering  ^^"^  ^^* 
saliva  from  the   mate  Hal  within  the  l>lood,  the  quantity  being  ^'^'v 
dependent  upon  the  quantity  of  blood  in  the  organ;  or  is  there  so** 
special  functiort  possessed  by  the  cells  of  the  salivary  glands,  Ijy  ^li«^^ 
the  sEilivn  is  separatcil  from  the  blood   without  l>eing  depeudeat  soWy 
upon  the  supply  of  blood  't     In  other  words,  wliat  is  the  mechaato  ^f 
which  the  salivary  glaudti  separate  the  snlivary  secretion  from  theMoo^* 
We  know  that  as  tlie  blood  passes  through  the  capillaries  of  thespt^ 
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ilation  it  not  only  \one»  in  oxygen  and  gains  in  carbon  dioxide,  Imt 
is   also  an  actual  reduction  in   the  amount  of  tluid,  due  to  the 
Isudfttion  of  the  Ht*ruiii  of  the  tilood  into  tlie  1\  tniJh-sj>accs.      Such 
■isudation  is  due  solely  or  mainly  to  blood-pressure^  and  does  not 
nstitute  a  i)ernianent  loss  to  the  blood;  for  the  Huids  so  poured  out 
I  the  lymph-spaces  serve  largely  to  uourisli  ihe  tissues,  and  are  then 
shetl  on  into  the  lymphatic  vessels  hy  fresh  *juantities  coming  after 
Jtcro,  and   finally  again  reach  the  veins,  and  thus  re-enter  the  circula- 
.    Such  transudations  pervade  aU  tissues,  but  iti  glandular  organs 
Inot  only  is  there  a  constant  loss  from   the  nouriKlinieiit  of  the  tissues 
Ifonning  the  glands,  but  the  secretions  ure  producetl  at  the  expense  of 
tbeH4'  filtrates  from  the  blood-vesseb  into  the  lymph-spaces  of  the  gland- 
ular tissue.    Secretion  is,  thus,  the  jms sage  of  the  substances  from  lyniph- 
s|)»ces  to  the  exterior  of  the  body,  for,  as  has  already  Iteen  referred  to, 
the  alimentary*  canal  may  l>e  regarded  aa  such. 

Various  views  have  l>een   proiiost^l  to  explHru  the  passage  of  the 

coMtituents  of  the  l3'n)ph  so  transuded   from  tUe  bkjod-vt^ssels  into  the 

cicr^tory  duets   of  the  glands.     The  blood^pressure  is  evidently  con- 

i'emed  in    forcing  the    serum  of  the  blood   through   tlie  walls  of  the 

aipillaries  into  the  lymph-sjiaces,  but  here  the  hlood-iiressure  ceases  to  l>e 

of  inHuence.     For  if  a  manometer  is  inBerted  into  the  submaxillary  duet 

of  a  dog  and  the  chorda  tympaui  nerve  stimulated,  tlje  pressure  tn  the 

salivary  duct  will  be  found  to  be  greater  hy  far — one-third  greater,  at 

tn$t— than  that  of  the  carotid   artery.     Where,  therefore,  the  pressure 

is  greater  on  the  side  of  the  excretory  duct^  lilood*pressure  of  course 

csin  be  of  no  avail   in  causing  the    passage  of  the  fluids  through  tlie 

glaiHliilar  tissue  into  that  duet.     Osmosis   may  to  a  certain  extent   be 

<5(Wi(jenied   in   producing    the    passage  of   the   fluid  through  the  glanil- 

iD^Juhrane,  though  there  are  scarcely  any  data  in  favor  of  this  view  other 

than  that  w*hieh  is  conceded  in  the  fact  that  the  stimulation  of  tise  cliorda 

tymjmni  nerve  may  result  electrolytically  in  the  itroductinn  nf  certain 

ifecom position  products  which,  having  a  strong  attinity  for  water,  might 

I  extract  water  from  the  lyrnpli-simces  into  the  glaud-t^ells.     The  iirodue^ 

[tmi  of  heat  in  secretion  to  a  certain  extent  favors  this  view,  since  it 

bns  lieen  found  that  the  temperature  of  the  saliva  in  the  salivary  duet 

iy  l>e  one  degree  or  more  higher  than  that  of  the  blood.     Secretion  of 

» li va  can ,  t h us,  n o t  I te  a  ]\ rt) c e s s  o f  n 1 1^ rt*  m ee ! i n n i c al  fill ni 1 1 o n ;   for  n o t 

l^nly  do  we  And,  as  already  mentioned,  the  greater  pressnre  on  the  side 

if  the  salivary  duet,  and  an  actual    Inrmation  r>f  heat   in  the  secretion, 

«it  the  secretion  may  even  take  |>lace  in  the  absence  of  the  circuhition. 

Thus,  if  the  chorda  tym]>ani  is  isolated   in  tl»e  rabbit,  and  the  aninud 

ihen  mpidly  decapitated,  the    flow^    of    saliva   may  still   take   place  on 

stimidation  of  the  chorda,  and  it  may  produce  in  a  tew  moments  doubk' 
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the  weight  of  the  ghind  in  saliva,  even  alHi(>vigli,of  course,  liie  circulation 
lias  been  arrewtetl.      Then,   again »  the  aetitm  of  various  drugs  on  tbQA 
salivary  ghunl  sliow  the  independence,  to  a  certain  degree,  of  the  va^oJV 
motor  and  secretory  effects  of  the  stimulation  of  the  chorda  tympaui. 
If   fifteen    miliigrararaes   of  atropine  in  sohition  are  injected   into  tin 
jugular  vein  of  a  dog  and  the  ehorda  tynipani  nerve  then  stimulate 
there  is  no  fiow  of  saliva,  Imt,  on  examining  tl»e  gland,  the  vaso-m«>tod 
l>lienomena  whieli  were  present  under  the  same  circumstances  liefore  tin?' 
atropine  was  injected  may  T>e  seen.     In  other  words,  vascular  dilatatiau 
follows  stimulation  of  the  chorda  tympani  nerve  after  the  administration 
of  atropine*  while  the  secretion  of  saliva  is  prevented.     Then,  again,  hy 
means  of  pilocarpine  the  paralyzing  etfect  of  the  atropine  may  I>e  antii^* 
unized  and  the  gland  niiiy  he  made  to  secrete.     The  dose  of  pilocarjnnc 
which,  when  introdiu'ed  into  the  general  circulation,  would   l»e  able  i*' 
remove  the  effects  of  atropine  would  prolmbly  lie  fatal  tci  the  animjil,    U, 
however,  the  drug  is  allowed   to  enter  the  circuhition  of  the  gland.  » 
much  smaller  cpjantity  will  he  etlicient  without  danger  to  the  aniniJil 
Thus,  if  seventeen  milligrammes  of  pilocarpine  are  injected  into  the  mh 
maxillary  duct  after  atropine  poisoning  and  the  chorda  tymi>ani  ilm 
irritated,  a  slight  secretiun  will   lie  produced,  prtS,sing   otl  again  as  tlie 
stronger  effect  of  the  atropine  makes  itself  feit*     Then,  again,  the  actiritr 
of  the  secreting  cells  may  he  paralyzed,  and  the    circulatory  change-! 
jjroduced    by    certain  drugs,  such  as  so<lium   carbonate  in  i>  per  (H?ttt 
solution  or  hydrochloric  acid  in  y'^  per  cent,,  injected  into  the  diiet;  but 
us  the  inerease^i  pressure  leads  tc^  transudation,  and  as  the  cells  ctaoot 
secrete,  a?dema  of  the  gland    is  rajiidly   i>roduced    when  the  chordii  i» 
stimulated.      Furtlicr,  cpiinine    injected    into  the  iluct    intlnence?^  vji*o- 
motor   changes,   although   no    secretion  is    produced   even   tboiiffh  the 
secretory  fibres  of  the  chortla  are  not  paralyzed.     Evidently,  tbeii,  tk 
chorda  tympani  nerve  must  contain  two  sets  of  fibres, — the  one  vjlso- 
dihitor,  not  paralyzed  by  atroijine,  and  the  other  the  secretory  fibri*^^ 
paralyzed  by  that  poison.     It  is  only  by  the  existence  of  a  class  of  nerrf* 
which  act  tltrough  calling  into  activity  the  protoplasmic  energy' of  tk 
secreting  epithelial  cells  that  tliese  effects  can   In?  explained.     Wb**!!  ik 
chorda  is  irritated   two   sets  of  impuises   travel  along  the  nerve,  of» 
impulse  acting  on  the  i>lood-siipply  of  the  glands,  while  the  other  ncl* 
on  the  secretory  elements  of  the  epithelial  cells  i!»  a  manner  analu^"^ 
to  that  which  occurs  when  a  motor  nerve  going  to  a  muscle  is  irriUted" 
the  nmseic  contracts  through  the  stimulation  of  the  contractile  clemenl^ 
of  the  musele-cells,  and  the  blood-vessels  dilate  through  va so-motor  iDfl*"^ 
encc.      The  result  in  both  cases  is  probably  of  an  electrolytic  UAtum 
with  the  [iroduction  of  acid  or  alkaline  decomiKisition    product*,  s*"*^ 
these   may  serve  as  stimuli   to  the  cells  themselves,  in  the   same  way 
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wlien   the  same  prmlucts  (eoni pounds  of  Inctie  nr  iihosplioric  acid 

ivlb  lime)  arc  directly  J>rf»uglit  into  contact  with  tlie  muscles.     Indeed, 

ie  may  carry  the  piirallelisiii    still    further,  for  we  know  that   eurure, 

Iby  destroying  the  irritability  of  the  motor  neri^es^  will  prevent  eontrac- 

Uion  of  all  the  muscles  when  their  nerves  arc  stimiilattHl,  in  the  same 

;l[wnner  that  atropine  will  prevent  the  s^'cretion  of  the  gland  when  its 

«tory  nerve  is  stimulated.     In   hotli  instances  the  vaso-motor  phe- 

jioomena  remain. 

In  the  ease  of  the  parotid  gland  the  circulation  during  secretion 
nndergcies  the  same  changes  as  in  the  case  of  the  submaxillary.  Here, 
a!so^  secretory  and  circulatory 
uervtH  have  Iwien  determined.  Vaso- 
uonstrietor  fil»res  liave  Ijeeu  found  in 
the  »>n[njmthetic  brunches  distril^ 
uled  to  tlie  parotid  gland,  while 
Ik  glosso-pliaryngeal,  according  to 
liddealmin,  contains  fibres  whose 
stimulation  leads  to  a  dilatation  of 
tlie  parotid  blood -^'efisels.  lioth  the 
faciui  imd  the  glosso-pharyngeal 
Derfes  eontaiu  fibres  whose  stimu- 
fation  leads  to  i»arotid  secretion, 
Jinil  if  the  auricnlo-teuiiK»ral  nerve 
is  stimulated  tlie  secretion  at  once 
eommenees ;  if  divided  the  secretion 
Jitops,  It  has  iK-en  found,  however^ 
timt  the  trigeminal  nerve  is  not  the 
source  of  tliese  secretory  fibres,  for 
when  the  trigeminal  is  stimulated 
^ilhin  the  cranium  no  parotid  secre- 
tion results.  They  are  consequently 
derived  from  the  facial  nen^e,  and 
n'lien  this  latter  nerve  is  stiniuhited 
within  the  cranium  parotid  secretion 

resnlti*  (Fig.  124).  The  i>assage  of  these  glandular  fibres  from  the  facial 
ito  the  Huriculo-temporal  nerve  has  been  exjihiinefl  in  the  following 
nner  by  Bernftrti :  If  the  facial  nerve  is  divided  at  its  exit  from  the 
»ty1o-mastoid  foramen,  and  the  central  end  divided,  parotid  secretion  m 
prodnccfl,  while  stimulation  of  its  peripheral  extremity  is  without  eflect. 
The  secretory  fibres  do  not  ]mss  through  the  ehonla  tympani,  as  was 
formerly  believed,  for  section  of  the  chorda  in  the  tympanum  does  not, 
as  ill  the  ease  of  subTnaxillary  secretion,  arrest  the  liow  of  parotid 
saliva.     Nor  do  they  pass  through  the  greater  superficial  petrosal  nerve, 
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Fl«.  12:1  — rUAOHAM    0¥    NKBVES    SUI'PLT- 

isG  TiiK  Parotid  liLANii.    ( l>o.) 

Thif  dark  Wn^  indXaatv  the  ^r^mine  of  Lli«  tivrrwl  of 
th»  i^lftndl.  v.  jraTixrinr  ii*ksum  vt  tiflh  rnuii«J  nnrrv  %mi 
itM  (AT)  JLiiHru1<i-tein|mT&11  brmnch  ^  VII,  partia  (tan: 
9C(r  MiPfHor  cerrieal  iranitlion  Mndknfr  *  brunch  i»tb* 
curotid  plflxQi  ftroiiikd  the  jirUry. 
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for  extirpation  of  the  ganglion  of  Meckel  is  without  effect  on  tbe  jjarotii 
ftecrotion.     As  a  consequence,  it  must   l>e  concluded  thfit  theftc  tlbn 
pass  to  the  lewser  suiierticial    petrosal   nerve,  which   anahtomot^es  wit 
the  otic  ganglion.     For  it  baa   Ix^en   found    that  extir|iation  of  the  otn 
ganglion,  or  section  of  the  lesser  snperficia)  petrosal  nerv  en,  arrests  saJr- 
vatiun.     According  to  Heidenbiiin,  the  glosso-pharyngeal  nerve  aiso  fur- 
nishes secretiirv  (11  ires  to  the  parotid,  the  fibres  passing  from  thin  nerve 
to  the  nerve  of  Jacobsohn,  and  thence  into  the  lesser  superficial  petrosal 
Uelations  between  the  parotid  secretion  and  the  excitation  of  the  cere-- 
bral  gbindnliir  nerves  seem  to  lie  about  the  same  as  for  the  snbmaxillxrj 
gland.     The  proportion  of  solids  uml  saltt*  j:uig:nM*nts  with  the  intensity 
of  the  stimubition,  while  the  proportiou  of  organic  matter  increases  m 
long  as  tbe  gbinds  nre  fresh,  but  diminishes  if  they  l>ecome  exhausted. 

Tbe  secretory  influence  of  tlic  sympeithetic  on  tbe  parotid  hm  tieen 
the  subject  of  considenible  controversy  ;  the  general  opinion  Ijeing  thai 
the  synipatbctic   influeuees  tbe  parotid  secretion  only   by  tliminishfuif 
tbe  calibre  of  tbe  ciipiibuies.     Certain  authors  have,  however,  held  thai 
in  certain  species  excitation  of  the  sympathetic  produces  a  temporary 
increase  in  tbe  parotid   secretion.     According  to  Eckhard,  the  parotiM 
of  the  sheep  continues  to  secrete  eveu  atYcr  section  of  iill  its  ruTve- 
being  thus  analogous  to  tbe  secretion  poured  out  by  the  salivary  gin i 
after  section  of  the  chorda  tympanl. 

From  the  above  facts  it  appears  that  tlie  secretion  of  saliva  ifl  coi»- 
posed  of  two  pliases, — the  lirst,  a  preparatory  stage;  the  second, tii<J 
essential  stagc. 

The  preliminary  stage  of  salivary  secretion  is  that  of  filtration  of 
serum  of  the  blood  intn  tbe  lynipb-spuces  arcumd  thcaeini  of  the  sail vMy 
gland.  This  act  is  entirely  tinder  the  control  of  the  vascular  nen-es. 
which,  by  changing  the  calibre  of  the  blood-vessels,  and  by  tliu* 
increasing  or  decreasing  tbe  pressure  witbin  them,  facilitate  or  hinder 
the  transudation  of  sernm.  The  iutluenee  of  the  circulation  on  secretion 
is,  therefore,  indirect.  When  the  small  arteries  of  the  glands  ilibti' 
more  blood  passei^  through  them,  a  larger  annmut  of  nutritive  Tuateri*! 
filters  through  into  tbe  lymph-spjiees,  and  ik  apjiropriate<l  l»y  thv  ?M«^ 
cells,  whose  vital  processes  must  l>e  tbns  ipiickened. 

The  second  stage  is  that  of  true  secretion  through  the  acUuu  r'f  ttn 
gland-cells,  and,  as  has  been  alreiuly  shown,  is  independent  of  tiic 
cirenlntion  an<l  is  under  tbe  c4jntroi  of  the  secretory  nerves.  The  imtonf 
of  these  changes  04'cnrring  in  the  act  of  secretion  within  the  glaad-celU 
is  to  a  certain  extent  rendered  ex[>lainable  from  the  study  of  the  liislo- 
logical  cbanges  which  occur  witbin  the  ghind-cellH,  As  has  bt*enalreftdy 
stated,  the  salivary  ghinds  may  be  divided  int(»  two  types»^ — the  serous 
and  the  mucous  types.     This  distinction,  which   has  only  as  yet  W^n 
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ipon  the  character  of  the  secretion,  is  further  sii|>ported  by  actual 

SorpTiolajjieul    ditrereiiues  iu  tlit;  cluiracter  of  tht'  glniiil-oells.     In   the 

fttrou!^  ghintls,  which  are  exempli lic'ti   liy  the  pfirotitl  of  iiuiu  and  other 

nmwimals,  the  aeiui  are  lined  by  a  layer  of  gnmiilur  cells ,  which,  in  the 

qoipseent  condition,  completely  tili  the  acinus  (  Fijj^s,  124  and  125).     The 

nucleus  under   feutvh  conditions   is  barely  distinguifihuble^  its  presence 

being  obsctired  by  the  large  number  of  (rranules  present.     As  secretion 

takes  place,  these  crannies  di?^appcar,  seemingly  lieintj  broken  up  find 

u§<fd  10  form  the  secretion.     During  lU'tivity,  therefore,  the  outer  portion 

of  each  ceil  of  a  serous  gland  becomes  clear  and  transi>arent,  and  this 

^^mlition    gradually    t*i treads    toward    the    centre   of  the  cell.     These 

^MHuig^ji  have  been  most  studied  in  t!je  parotid  of  the  rabbit.     AY  hen  at 

Wfil  the  nucleus  is  ttnifdl,  irregular,  and  devoid  of  nucleoli.    When  caused 

to  a«erete  by  stimulation  of  the  sympathetic  nerve  the  cells  become 
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fic.  Hi— Pakotib    of    Rabbit    in    tue 
Rcsrmo  Condition,    illeid^ihain) 


Fm.  IZI.— Parotid  oi^  Habhit  afteii  Iiuii- 

TATION   OF  THE  Sy  MrATIllJTlC    NKHVJS. 

(Heidenhain.) 


smaller,  the  nuclei  l>ecorae  large  and  ronod.  while  the  nucleoli  may  even 
be  detected,  and  the  whole  cell  stains  more  deejily  with  rarmine.  It  thus 
appears  that  during  rest  grannies  are  mannfaetuicii,  which  disappear 
durihcj  the  activity  of  the  cell. 

In  the  mucous  glands,  of  which  the  sul)maxillary  or  orbital  glands  of 
tliedogniay  be  taken  as  a  type,  the  nupearance-^  ai^e  more  complex.  When 
a  mitTo^copic  preparation  is  prepared  of  the  resting  salivtiry  gland,  the 
cella  only  stain  with  ditlJcnlty  with  carmine,  this  apparently  being  due  to 
llic»  (ife^nee  of  a  large  amount  of  rauc in-like  substance  which  occupies 
*l"'i*ntire  cell  with  the  exception  of  a  small  aiuonnt  of  unchanged  pmto- 
pl«"^in,  readily*  staining  with  carmine,  which  remains  around  the  nucleus. 
lt»«uclia&ectfon,  prepared  of  the  resting  gland,  in  each  acinns  will  usually 
k»  found  one  or  more  half-moon  shaped  cells  lying  outside  the  muciparous 
<^il»,  which  readily  stain  with  carmine,  which  j^oasess  two  or  more  nuclei, 

20 


Fig.  127-— Orbital  Olawu  of  Dt»f3— c.'oM?HENrE-     Ftci.  I2s,— orbital  Gla>d  of  Ewe^J 
MENT  OF  Changes  durinci  Acrivirv,  aftkk  High  est  Hkoh&e  or  ruA»a«  l^f 

LADVOV8KY.     {Ileidt-nhain.}  ACTIVITY,       ArTKR       LaDVOTIK- f 

{Hridmhuin.) 

entire  cell,  whose  plaee  is  then  taken  liy  the  new,  rapidly  growing,  W^j 
moon  cells.     Both  HtatementH  are  jirohubly  corrcet. 

It  is  thus  seen  th:it  the  seeretiun  is  the  resnlt  of  the  activity  of  1 
protuphisiu  iA'  the  sueretinjy^  vM.     During  rest  the  miicons  sland 
faetures  nuieiii  at  the  expense  oi'  its  i)rotophisnj.     When   such  a 
secretes,  the  mneiu  is  dischargiHi  nml  new  protoplasmic  cells  are  rajM^J 
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dereloped.     In  the  case   of  the  serous   cells  the   changes  are  not  so 
Teidily  recognizable,  since  the  microscopic  changes  are  less  marked,  but 
the  probability  is  that  the  same  sort  of  processes  occur.     In  the  actual 
fiirmation  of  the  secretion  we  have  thus  two  processes  concerned.     We 
kiTethe  development  of  mucin  in  the  muciparous  cells,  and  of  pt^alin. 
During  activity,  from  dilatation  of  the  capillaries,  the  blood-serum,  more 
or  less  modified  in  composition,  reaches  the  acini,  and  from  there  passes 
into  the  glandular  cells,  while  at  the  same  time  the  fluid  filters  from  these 
eells  into  the  duct,  and  so  constitutes  secretion.     The  inorganic  con- 
stituents of  secretion  are,  therefore,  removed  from  the  blood  by  a  simple 
process  of  osmosis,  or  filtration,  while  the  organic  constituents  are  the 
'    results  of  active  manufacturing  processes  occurring  within  the  proto- 
plasmic cell-contents. 

V.   DEGLUTITION. 

By  the  term  deglutition  is  meant  the  various  co-ordinated  muscular 
movements  which  result  in  the  passage  of  the  food  from  the  mouth  to 
the  stomach. 

The  act  of  deglutition  may  be  divided  into  three  different  stages. 
In  the  first  stage,  which  occurs  in  the  mouth,  the  bolus  of  food  passes 
to  the  isthmus  of  the  fauces,  in  the  second  stage  it  passes  tlirough  the 
pharynx,  and  in  the  third  stage  it  traverses  the  a?sopliagus. 

When  the  food  has  been  sufliciently  masticiited  it  is  gathered  into  a 
holus  by  the  contraction  of  tlie  muscles  of  tiio  tongue,  the  tip  of  the 
tongue  being  raised  by  the  intrinsic  muscles  of  the  tongue,  aided  by  the 
8tylo-glo8sus,and  the  bolus  passes  ])ack  between  the  tongue  and  the  hard 
palate  to  the  anterior  portions  of  the  fauces  (Fig.  129).  Tiiis  transferring 
of  food  from  the  mouth  to  tlie  pharynx  occurs  when  the  teeth  are  in 
contact,  since  the  jaws  must  be  closed  to  all'ord  support  to  tlie  hyoid 
muscles,  which  we  will  find  to  be  concerned  in  tlie  later  steps  of  the 
process,  and  in  the  herbivorous  animals  is  accomplished  so  rapidl}'  that 
no  more  marked  duration  of  closure  of  the  jaws  can  V)e  detected  than  at 
any  other  time.  When  the  ])olus  is  very  large  mastication  ceases  at  the 
moment  of  deglutition,  as  in  carnivora  and  other  animals  that  swallow 
the  entire  contents  of  the  mouth  at  one  movement.  This  first  stage  of 
deglutition  is  entirely  within  the  control  of  the  will,  and  nia}-  be  pro- 
longed or  accelerated,  and  the  movements  of  tlie  l)olus  are  perceptible 
to  the  sensory  nerves  of  the  i)art.  Wiien  the  bolus  has  once  been  placed 
upon  the  dorsum  of  the  tongue,  the  ti|),  middle*,  and  root  of  the  tongue 
are  successively  pressed  against  the  hard  palate,  and  tlie  contents  of  the 
mouth  are  thus  propelled  toward  the  pharynx  ;  an  active  contraction  of 
the  mylo-hyoid  muscles  then  takes  i)lace,  as  may  be  recognized  by  the 
finger  placed  below  the  lower  jaw,  tlie  dorsum  of  the  tongue  is  raised  up, 
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and  the  IkjUis  of  food  fort'tHl  from  ttie  mouth  into  the  phfirynsc*  A4 
At  the  samo  limo  tho  hyo-gloBsnl  iiiii^eles  also  begin  eoiit meting  an 
especially  those  portions  which  are  iittatrljed  to  tht?  t-oruuu  of  the  hyoid, 
cause  the  free  surface  of  the  tongue,  wbich  at  rest  Imiks  upward  md 
iMtckward,  to  move  backward  ami  (lowiiwurd  upon  the  epiglolti*  ftOil 
mechanically  dost*  the  glotlit*.  The  nipid  narrowing  uf  the  spact*  Wt^vm 
the  m}  iD-h^^oids  ami  the  paUite  whicli  i^  thus  brought  about  u.\iso  rap)d)|^| 
nuses  the  prei^sure  thttre.  This  eifeet  is  increased  by  the  pull  of  i 
hyo-glos^al  mu^desj  which  gives  the  tongue  a  backward  aud  dortiwifdj 


J 
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Fig.  13!.-5lEDIAS£  HEiTlfJN  tIF  TUli  II  It  MAN    1 1  r  ATI,  A  PTRft  HeNLE.     {M'^V*^^^ 
carLUaj^e;  :;,  liquid  brnnf. 


movemi'iit.     Thfi?^.  liiptida  and  mh  foodft  ai^  squirted  down  ihr  emit' 
pathway   to   the    stonifieh   before    contmctiouft   of   the    pharynfji^sl  '^ 
oesophageal   muselea   can   manifest   thcmselTes   (Meltzer),      FmgOfirt* 
which  hiippen  to  remain  in  the  iiharvnsc  are  sent  do^ni  later  by  lbes»  j 
ceeding  contntetioii  of  tlie  ernistrietor'H  and  with  a  sh>wiiess  peeuUarttj 
these  rauscleR  (Pig.  130).     Wlien  the  bolus  has  passed  the  anteriur  r^i*^ ' 
tine  arches  its  return  to  tlie  moutii  is  prevented  by  contraction  of 
palato-glossi  muscles  which  lie  in  the  anterior  pillar  of  the  fauces,! 
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comioja^  together,  lie  together  like  side-Hcreeim  or  curtains  (Ljunlois), 
meet  the  raised  dorsum  of  the  ton«jiu%  ami  so  form  u  [jjirtitiuii  hftw^^en 
the  mouth  and  pharynx;  tlie  oceliision  is  still  further  iissisted  hy  the 
•imtraetion  of  the  styto-glossi  muNek^ti,  whieli  elevate  the  toii*^iie  and 
press  it  against  the  [lalnte. 

The  second  ataire  of  de|rlutition  then  eominiini'es,  and  the  bohis  uf 
food  is  now  eutirel^^  Iveyond  the  control  of  the  will,  and  must  pass  down 
the  pharynx  into  the  oesophajijiis,  its  ejeetion  into  the  month  again  only 


Flo,  laa— POSITION  OF   THM  SOFT    PAI*ATK   l>nMKtJ  TUK    HkCOND  8TAGB  OF 
TJI«  Arr  OK  DKGLUTITfON.   AKtlCR   FlAlTX,      (J/a/^f-r.) 

Wog  rendered  possiMe  I'y  an  aetive  eon^diincr  or  ga^j;;in*j:  movement, 
flo^iward  movement  dnrini^  tliift  stag^e,  whieh  lasts  while  tlic  food  is 
ssitii:  from  the  niiterior  pillars  of  thv  fanees  io  tlie  entrance  of  the 
'pliagits,  in  still  attended  by  sensation. 

Themnacnlar  movements  of  the  seeond  stage  of  dt^Ldutition  are  mneh 
more  complex  than  in  the  lirs^t.  The  jiharynx  eommnnieates  witb  three 
^iTitie«, — the  posterior  misal  elnunber,  the  a?soi>liajjriis,  and  the  larynx. 
mechanisms   exist   whieh   dinet    the    food   downward    toward 


310 


PHYSIOLOGy  OF   THE  DUilESTIG  A^'IMALS. 


the  opening  of  tbe  (Esophtigiia  and  hinder  its  passage  inta  the 
ehinnhcrs  and  windpipe.  As  soon  an  tlie  liolus  of  food  reaches  thl 
anterior  palatine  arclieH  the  soft  palate  is  raised  by  the  contractiou  of  J 
the  levjitor-palati  imLscIes,  and  rendered  tense  at»d  directed  baekwa 
toward  tbe  jwsterior  walls  of  tJie  pliarynx,  with  wliieh,  in  many  aninmLs,^ 
as  in  tlie  horse,  it  eomes  in  actual  contaet  ( Fijjf.  131),  and  at  the  same 
time  tlie  palato-phfirynLCfal  nmj^elus,  wliit*h  lie  in  the  |)osterior  arches  of  jl 
the  fanees,  eontraet.  These  mnseles  have  a  bony  insertion  in  the  posterior  ■ 
wall  of  the  pharynx,  and  then  are  inserted  into  the  *^oft  palate.  Tkm 
action  of  the  levator-pulati  mnseles  has  the  etfeet  of  ^ivincr  these  muscleji 
lixed  points  of  suj^pcirt.  In  their  condition  of  rest  they  form  a  enrved 
line  on  each  side  from  the  centre  to  the  Imck  of  tin.*  i»haryux.     When 
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Fio.  131.— AN-TFuo-PosTBuirm  Hf.ction  of  thk  llEAn  OF  rjir.  Honsu^tmow^ 
INO  THK  Kntjkk:  M<»trnr,  Puakyn.t,  am*  Na.sai.  Cavitiks,    (Gtimtter,) 

fufchir*-!  iwiicl'15  7,  (»>mr|f*>***' t■*f*1»^*»lf  o'  '    •    '  •'•,-ii-Junf 

thvUrttuL:  IM,  rrnchihit ,-  U.  iuyiCfiiir  t«ri  >  >  •!  •      .-ii". 

II,  portJon  of  lh»  cfuntal  cftvity  whirh  IrMJ..                            ,        i      ,  i,  nmi^m  tl»r 
MTaMlVuia;  Ift.  I^je  <wnbri ;  17,  i«ntoriiitii :  i'^,  upfir  Up;   ED.  luwrr  hf>. 

these  muscles  contract,  downward  raf>tion  of  the  s;oft  jialate  having  b^^* 
prevented  by  tlur  action  of  the  h-vator-palati  mnseles  and  ai«proxini»- 
tion  of  their  origin  and  insertion  tieing  thns  prevented,  the  etre<!t  f ill 
Ije  to  form  a  straij^lit  line  between  these  two  points,  Merkel  fttates  tb»t 
the  inferior  portions  of  tlie  |)haryngo-pidatine  muscles  cross  in  ifa* 
middle  line  of  the  posterior  wall  of  the  pharynx,  and  thus  act  a^ » 
ephineter  in  shutting  olf  the  nasal  portion  of  the  pharynx,  the  1*^^ 
muaeles  forming  a  circular  nnisele,  like  the  orbicularis  oris.  Tbe  dis- 
tribution of  tbesu  lib  res  is  shown  in  Fig.  132,  As  a  consequence,  th« 
posterior  pillars  of  tb^^  fauces  will  eumc  togetber  in  the  same  vay»* 
the  anterior  pillars  to  form  a  screen  or  cuitain,  which  will  shut  off  thi 
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pbaiynx  from  the  posterior  nasal  foesa^  the  uvula  serving  Btill  further 
to  close  the  chink  between  their  two  free  borders.  An  incliniHl  plane 
is  thua  formed,  down  which  the  bolus  is  pressed  by  the  backward  move- 
ment of  the  tongue.  At  this  stage  the  elevathyn  of  the  soft  palate 
may  readily  Vk»  dcmonsL rated  by  i>laL'iut^  a  ll£;:ht  straw  along  the  Hoor 
of  the  nose,  so  that  its  posterior  end  rests  on  the  soft  jialate  (Landois). 
If  now  a  motion  of  swallowing  is  made,  the  end  which  projects  from  the 
nose  will  descend,  showing  an  elevation  of  the  end  which  rests  on  the 
§oft  palate.  At  the  same  time  there  is  a  distinct  rise  of  pressure  within 
the  nasal  chambers.  This  may  be  sliown  by  introducing  a  water  ma- 
nometer into  one  nostril  and  dosing  the  other  jtist  before  swallowing. 
As  the  fooil  passes  behind  the  anterior  palatine  arch  it  is  subjected 
to  the  action  of  the  pharjnge^il  constrictor  muscles,  which  propel  it 
downward.  The  longitudinal  fibres  of  the  pharyngeal  constrictors  con- 
tract ami  cause  an  elevation  (or  more  strictly  shortening)  of  the  walls 


'  ytebltt— DlSTHlBrTtON  OF    FrBRES  0¥  THB  PALATO  PllARYNC^EAT.  MrStLKS,     {LtiMthka.} 

A  Aiitftrinr,  B  po»t«riur  riew. 

^ Of  the  phar^Tix,  together  with  the  elevation  of  the  larynx,  this  elevation 

Wing  prod  need   by   a  contraction  of  the  slylo-pharyngeal  and   pfdato- 

pliarjiigeal   muscles,  the  lower  jaw  coming  in  contact  with  the  upper 

jaw  through  the  action  of  the  muscles  of  mastication.     The   food  then 

P^ses  within  the  grasp  of  the  upper  constrictor  of  the  pharynx,  wdiich, 

["Contracting,  serves   to   squeeze    the    bolus  of   food   downward,  passage 

r  into  the  nasal  chamber  being  prevented  by  the  mechanism  above  alluded 

to, and  the  bolus  being  propelle^l  downward  by  auecessive  contraction 

of  the   ujiper,  lower,  and  mid*lle  const riclors  of  the  pharynx  until  it 

pisses  into  the  cesopliagus.     The  elevation  of  tije  larynx  occurs  when 

the  bolus  enters  the  pharynx,  and  is  due  to  the  action  of  the  genio-hyoid 

and  mylo-hyoid  muscles.    It  is  very  perceptible  in  man  Jess  so  in  animals 

iu  which  the  larynx  is  very  near  or  very  far  from  the  base  of  the  skull, 
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Bs  tlie  dtm\  h  very  slight  in  the  horse  und  most  rumiiiaQts,  aod  b&a  more 
of  a  forward  motion^  Bervinp^  Biraply  to  bring  the  larynx  Ijeneiitii  the 

base  of  the  tongue.     The  elevation  of  the  larynx  Hierves  pnrtly  to  prevent 
the  i>assfttre  of  food  into  tJie  larynx.     As  the  larynx  is  elevuteti  tli« 
arytenoid  cartilage«  and  both  true  and  false  vot^l  eorda  are  approKiiniited, 
and    a3  the   thyroid  cartihige  aseends  by   the  action  of  the  larynswd 
muscles  the  e|>i glottis  is  dt? pressed  to  eover  the  glottis.     In  thb  hlUr 
operation  the  deiires^sion  of  the  epiglottis  is  a  passive  an<i  not  an  aetiv^ 
movetnent,  the  depresaion  being  due  not  to  an  action  of  any  intrinsic 
museles,  but  to  the  ascent  of  the  hirynx  beneath  the  epiglottis,  and  iht 
meehimical  pressing  downward  of  the  epiglottis  by  the  weight  of  tin* 
boluj4  of  food  and  the  descent  of  tlic  root  of  the  tongue*     The  epi^lndrs 
iti  not,  however,  essential  to  the  prevention  of  the  entrance  uf  food 
into  the  air-passoges,  si  nee  excision  of  the  epiglottis  in  the  dog^  or  ifci 
removal  hy  disease  in  man,  does  not  interfere  with  normal  movenjenti 
of  deglutition.     Colin  lias  found,  by  inserting  a  finger  into  the  lurvni 
through  an  opening  iu  the  traehea  of  a  horse  whieli  was  swallowing,  tlwt 
the  larynx  at  the  moment  of  swalhjwing  was   suddenly  elevatt**!  ao^ 
moved  anteriorly  tow  aril  the  bn^e  of  the  tongue,  the  voeal  eonk  r-bwi^ 
and  the  arytenoid  cartilages  came  in  contact  with  each  other.     By  Ih***- 
means  food  ia  prevented  entering  the  larynx,     Hl*  also  found,  bv  DiJitini: 
a  fistula  in  the  npper  part  of  the  cesophagus  of  an  ox  and  inHertiit^  * 
finger,  that  at  each  movement  of  swallowing  the  epiglottis  was  tlejire^^*^i 
and  the  entrance  to  the  (esophagus  elevated  and  thus  approxiiimtd  w 
the  istUnius  of  the  fauces.     In  tlie  hor&jc  the  isthmus  of  the  fauces  ii 
ver^'  uarrt>w,  aud  the  bolus  passes  with  ditllcultyt  even  if  not  vm  hi^ 
and  is  often  arrested  behind  the  laryux-,  and  yet  does  not  cause  cou#ti;r* 
This  is  otleu  seen  after  giving  a  bolus  to  a  horse,  particularly  in  I'^^Hwf 
angina.     In  runiinants  the  isthmus  of  the  fauces  is  large  and  the  pbitmii 
is  ample,  and  when  the  food  sticks  in  the  lino  at  in  these  animids  it  i» 
usually  in  the  ecrvieai  or  thoracic  portions  of  the  gullet,  which  is  ti^ 
the  locality  where  the  food  is  apt  to  lie  arrested  in  the  pig. 

In  those  animals  which  habitually  swallow  their  food  while  tliebrf 
m  bent  fo rwar<i,  the  digastric,  in  addition  to  itn  functions  iu  depn^s^^'f 
the  lower  jaw.  is  also  an  aid  to  deglutition.  Where,  as  in  reptiles, bari^i 
and  most  mammals,  the  position  of  the  mouth  with  respect  to  ^ 
esophagus  during  the  act  of  swallowing  the  food  is  almost  in  the 
right  line,  deglutition  is  easily  eftected  by  the  mylo-  and  genio^; 
muscles  draw iug  the  hyoid  bone  aud  larynx  forward  and  upward  so 
to  allow  the  masticated  mass  to  get  beltind  them,  and  so  bring  it  wiliii 
the  grasp  of  the  pharyngeal  muscles;  but  in  those  animals  whifh  f«^ 
while  iu  the  erect  or  semi-erect  position,  and  the  head  bent  forward 
that  the  cavity  of  the  mouth  is  at  right  angles  with  the  oesophagus,  it 
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evident  that  deglntition  must  be  a  much  more  complex  action.     In  that 
position  the  m3'lo-  and  genio-hyoid  muscles  are  relaxed,  and  cannot  act 
elDciently  in  drawing  the  hyoid   l>one  upward   and   forward  so  as   to 
•Uow  the  masticated  mass  to  pass  into  the  oesophagus,  into  which  it  has 
to  pass,  in  fact,  around  an  angle.     The  difficulty  is  removed  by  the  con- 
nection of  the   digastric  muscle  witli   the  h3oid   bone.     This  muscle, 
daring  the  act  of  deglutition,  causes  the  h^^oid  bone,  lar^-nx,  and  base  of 
tlie  tongue  to  move  through  a  segment  of  a  circle,  the  anterior  part  of 
the  mascle  drawing  these  parts  forward ;   they  are  then  elevated  by  the 
joint  action  of  the  anterior  and  posterior  IkjIHcs,  and  finally  drawn  back- 
ward by  the  posterior  bellies,  so  as  to  force  the  masticated  mass  into 
the  QMophagns. 

The  second  stage  of  deglutition  is  facilitated  by  the  mucous  secre- 
tions of  the  parts  concerned.  This  secretion  ma}-  become  enormous,  as 
in  the  dromedary,  where  the  appendix  to  the  soft  palate  and  the  pharyn- 
geal i)oiich  are  very  glandular.  In  all  animals  the  secretion  of  the 
mucous  membrane  of  the  mouth  and  pharynx,  aided  b}-  the  salivary 
tecretion,  is  amply  sufllcient  to  lubricate  the  food,  so  as  to  render  deglu- 
tition possible.  It  was  already  noted  in  the  chapter  on  the  salivary 
wcretion  that  the  quantity  of  saliva  poured  out  was  largely  <lependent 
npon the  character  of  the  food;  or,  in  other  words,  the  drier  the  food 
the  greater  the  amount  of  lubricant  needed,  and,  therefore,  the  greater 
was  the  salivary  secretion. 

The  second  stage  of  dosjlutition  is  involiiiitary,  and  when  tlie  bolus 
of  food  has  passed  be^'ond  the  anterior  ])illnr.s  of  the  fnuci*s  it  is  no 
longer  within  the  control  of  the  will,  and  can  only  ])e  returned  to  the 
mouth  by  vomiting  or  violent  coughing.  Therefore,  in  giving  pills  or 
Ittllsto  animals  they  have  to  Ik?  carried  meclianieally  by  the  hand  behind 
tbe pillars  of  the  fauces;  they  are  then  carried  down  to  the  stomach  by 
tlie  involuntar}'  contraction  of  the  pharynx  and  (esophagus. 

The  third  stage  of  deglutition  occurs  after   the  food  has  passed 
tlirouph  the  pharynx  and  has  entered  into  the  (esophagus.     This  stage 
of  deglutition  is  much  more  prolonged  than  the  two  preceding  stages, 
nnd  in  the  larger   domestic  animals  the    passage  of  the    food   by  the 
fl?30|)hagus  may  be  followed  by  the  eye  and  touch.     Where  the  secretion 
of  saliva  is  scanty  the  duration  of  this  stage   becomes  prolonircd.  and 
sometimes,  as  in  the  horse,  the  food   may  become  arrested   in  tlu-  lower 
cervical  portion  of  the  oesophagus  until  pushed  on  by  the  next  succeed- 
ing l)olus. 

The  rapidity  of  motion  in  the  a»sophagus  varies.  Li(iui(ls  and  very 
soft;  foods  are  very  rapidly  swallowed,  being  actually  scjuirted  through 
the  CBSophagus;  dry  forage  is  swallowed  very  slowl}-.  In  the  horse  the 
boluses  have  to  be  very  small,  from  the  narrow  character  of  the  gullet 
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in  tbese  aniTiiala.  Hence,  if  the  bohia  of  food  is  larger  than  three  or  four 
centimeters  in  diameter  it  is  npt  to  be  arrested.  In  the  ox  bohi&e^  double 
the  size  pass  without  difficulty. 

Wlien  onee  the  alimentary  bolus  is  within  the  grai>p  of  the  mtisdet 
of  the  re^ophatrtta  it  moves   onward  with  confiiderahle  forc^e.      Mosso, 
in  \m  t'Kix-riments  made  on  the  dog,  found  that  even  when  the  boloi 
of  focHi  was  lield  back  by  a  weight  of  four  hundred  «nd  tifty  gramines 
deglutition   was   not   interfered  with.      When   once   tlie  bulua  of  tmifi 
reaches  the  n^jper  pait  of  tiie  cegophagus  tlie  pharynx  ftiU»,  jind  tlie  Mm 
triiverses  the  length  of  tlie  tesophagus  under  the  inQuence  of  the  suw^ 
sive  contractions  of  the  cirenlar  and  longitudinal  umseidar  fibres.    Tlie 
longitudinal  fibres  contract  firsthand  uraw  up  the  ajsophiigua  to  meisl  the 
ad  vane  i  n  g  liol  us ,  w  h  i  ch  is  p  u  h  be  d  cl  m       *y  thee  on  tmct  ions  of  the  mil  i  ulo  r 
fibres  Ixdiind  it.     Gravity  i»  entir  bout  inliuenee  on  tlic  moticmswf 

deglutition^  as  swallowing  occurs  y  well  even  when  the  hew!  iion 

a  lower  plane  than  the  entranet        the  oesopliagus  into  the  stoniacb. 

TIr^  third  stage  of  ileiilutitiuii  is  involuntary  and  is  unatteade*!  ^J 
sensation,  though  pain  niEiy  be  intense  when  too  large  a  bolus  Qr%\ii 
irregular  mai^s  is  swallowed  :  so,  also,  very  hot  or  very  cold  aidi&t^m^ 
may  be  reeognizt;d  in  their  passage  throutj^h  the  tesopbagus  by  tlie  »vn^* 
tions  which  they  occasion.  As  a  rule,  however,  the  pafis^^age  ef  f'?<4j 
through  the  cesophagus  is  entirely  unattended  by  any  feeling.  Ei^< 
aeids  cause  but  little  sensation. 

Tiiat  deglutition  may  l>e  accom|dished,  it  is  essential  that  tkn* 
must  l^e  something  to  be  swallowed.  When  the  mouth  contains  s.nJiv.i 
alone  the  motions  of  deglutition  may  be  made,  but  as  tlie  qnaatitvof 
fluid  in  t lie  mouth  decnmsee  deglntition  Incomes  more  and  more  ditflit'lt^ 
until  tin  ally  it  is  impossible.  This  fact  indicates  the  reflex  nntimo' 
the  motion  of  deglutition.  As  before  pointed  out,  a  reflex  adioffl  «* 
quires  the  presence  of  a  stimulus,  its  conduction  to  a  nerve-c<*»tm arf 
the  trauHinission  of  motor  impulse  through  etferent  nerves  to  a  inuscuiiw 
hbre.  The  stimulus  for  deglutition  is  found  in  the  contact  of  foml  w'ti' 
the  mucous  membrane  of  the  month,  pharynx,  and  oesophagus.  Tli 
sensory  ntTves  come  from  the  trigeminal,  the  glosso-pharyngeal,  jiu*!  t^i* 
suiH'riur  laryugml  nerves.  Excitation  of  any  of  these  nerves  prodaofii 
movements  of  deglutition. 

In  the  case  of  the  cesophagus  the  pneuinogastrie  is  the  sensotf 
nerve.  The  centre  of  the  niovements  of  deglutition  is  found  in  lb*' 
medulla  oblongata  The  motor  nt-rvcs  are  the  glossa-pharyii;^ealt ^i^? 
plyiuij;^  llie  nUHcles  of  the  pharynx;  the  hy(K>-glossal,  supplyinfr  thi 
muscles  of  the  tongue ;  the  trigeminal  and  facial,  supplying  the  nn 
of  mastication,  and  the  pneumogastric,  supplying  the  muscles  of 
larynx  and  03S0[)hagus. 
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n  the  horse,  ass,  flog,  sheep,  and  ox  the  lower  parts  of  the  a^soph- 
ig%x»  are  sii|iplied,  as  in  mnii  and  tlie  rabbit,  by  the  reeiirreiit  fibres  of 
the  VHgi  ;  the  ui>i)er  portions  arc%  however,  nuppbed  l^y  a  hm^  Ijnuiuh 
of  the  pharjiigeii!  nerve  wliieli  desfeuds  in  the  w:ills  of  tlie  irnc^pbagiis 
|Mk&.r  as  tlte  thorax.     In  birds  a  Himilur  iytnU"  of  alfair^  also  holds. 

Deglutition  may  l>^exeited  1*3'  ineehauiral  contaet  witb  the  fauces 
in  an  animal  in  which  the  cerebrum  has  been  removed;  it  is  only 
oeoesaary  that  Ihe  medulla  remain  inlfiet. 

Deglutition  of  liquids  is  pertVirnied  by  a  mechanism  which  h  almost 
similar  to  that  concerned  in  the  deglutition  of  solids.  The  palate  is  niised 
ami  made  tense,  tlie  pahito-pharyni^eal  nuiscles  contra et^  the  glottis  rises, 
thf  e|)iglottis  descends^  the  pharynx  ascends,  and  the  gullet  contructs  as 
ill  the  case  of  deglutition  of  solids,  the  dirterence  mainlj'  consinting  in 
tht' rupidity  Mith  which  licpiids  are  forced  tliroufrli  t!ie  a-soplmtrus. 

Tlie  motions  of  degltilition  of  b^piids  may  be  very  rapid.  Thus,  in 
tiie  liorse  sixty -tive  to  ninety  nn*tifui^5  may  be  made  in  each  niiuute, 
cjwh  swallow  carr>*ing  one  hundred  and  tilly  to  two  hundred  and  lifty 
gmrnmes  of  bijuid. 

The  raiiidity  of  decflutition  varies  according  to  tiie  animnl  and  the 
UMliire  of  the  food.  The  horse  eating  hay  swallows  thirty-live  boluses 
in  Mern  niinntcs  af\er  having  fasted  for  some  time,  and  only  ten  or 
twi'lvi*  Imlnses  in  the  same  time  as  hunger  conimcnees  to  be  np[ie:ised, 
tlie  weight  of  each  bidus  varying  from  lifty  to  one  hundred  grnnimes. 
In  swallowing  Iit|uids  tlie  horse  moves  the  ears,  advancing  them  at  each 
act  or  deglntiuion,  at  the  same  time  closiug  the  jawn.  Tbe  miissetcrs 
iJwiVt  tlu^rtdbre,  l^e  seen  to  move  under  the  skin,  and  even  the  eyes  to 
ffiov«  in  their  orbits.  In  ruminants  during  deglutition  the  ears  either 
rt'inain  motionless  or  move  unequally;  Rliytbmical  motion  of  these 
t'lpuw  as  seen  in  tbe  horse  is  absent  in  ruminnnts. 

Tbe  act  of  deglutition  is  performed  as  described  above  in  all  air- 
^Ttatlijiig  animals.  In  all^  from  the  mammalia  down  to  the  anqihibia, 
tWjjharynx  communicates  with  the  nai^sd  (handlers,  the  cavities  of  the 
*Woii  both  sides,  the  mouth,  larynx,  and  cvsophagus. 

In  the  young  kangaroo,  while  still  retained  in  the  ididomiual  pouch 
^»f  tlie  njother,  and  in  cetaceans,  the  U|>per  |mrt  of  tbe  hirynx  is  ehiugatetl 
*nfl  [projects  into  the  posterior  nares,  so  tbnt  during  sueklirjg  the  milk 
passes  down  each  side  without  an\'  risk  of  entering  the  air-passages  and 
without  interfering  witb  respiration. 

Ill  fishes  which  respire  in  the  water  by  gills  the  pharynx  has  no 
<^oinaiimicat»on  with  the  nasal  passage,  while  the  larynx  and  trachea  are, 
of  course,  absent.  Hence,  tbe  |vharynx  is  here  a  mere  passage  leading 
from  tlie  mouth  to  the  lescjphagus,  and  the  process  of  deglutition  is  con- 


uently  greatly  simplified. 
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VL   IIUMINATION. 


In  most  animals  the  food  after  being  swallowed  entera  the  stomach 
sufficiently  comminuted  to  be  at  once  acted  on  by  the  gastric  juice.  li 
otliers,  tUougli  imperfectly  triturated,  the  food  may  be  at  once  digestetft 
while  in  a  thinl  case  the  food  is  returned  to  the  mouth  fur  a  second 
mastication. 

The  first  of  these  cases  is  seen  in  carnivora  and  omnivom;  tbe 
second  occurs  in  granivorous  birds  and  crustaceans,  where  masticatioD 
iu  the  mouth  is  entirely  absent ^  but  where,  as  will  be  seen  later,  the 
Stomach  is  provided  with  an  accessory  organ,  the  gizzard,  wliicii  ii 
capable  of  crushing  and  grinding  the  food. 

The  thini  ease  is  seen  in  ruminants^  where  the  food  is  carried  to  tie 
stomach  after  only  having  been  subjected  to  a  preliminary  and  partid 
mastication  in  the  month.  It  is  then  macerated  by  the  tluids  contained 
in  the  stomach,  and  is  again  regurgitated  to  the  mouth,  to  be  subjettd 
to  tlie  filial  and  complete  process  of  mastication, 

Kuminntion^  or  tiie  returning  of  food  from  the  stomach  to  the 
mouth  for  a  second  mastication,  is  peculiar  to  polygastric  herbivora.  It 
differs  from  vomiting  in  tliat  tlic  motion  is  ijerfectly  voluntary,  is  a  nor- 
mal physiological  process,  and  the  mtitters  regurgitated  are  again  swal- 
lowed without  leaving  the  month.  All  true  ruminants  have  a  raiilli|'lf 
stomach,  although  all  animals  with  multiple  stomachs  are  not  ruiniMiinU- 
Thus,  in  the  bird  three  stomachs  may  be  described,  and  in  c-ertain  o ^:' 
ceans,  as  well  as  in  certain  edents,  as  the  sloth,  the  stomach  m:iv  1"^' 
divided  into  a  number  of  diHerent  compartments  and  yet  rumination  not 
take  (>lace. 

The  habits  of  ruminant  animals  necessitate  some  process  by  wliie'i 
the  fuod  is  hastily  collected  in  a  capacious  paunch,  to  be  again  rctnrm'l 
to  the  mouth  for  mastication.     Ruminant  animals  in  a  state  of  iiatif 
instinctively  rely  on  quiekness  of  sight,  acuteness  of  hearing,  and  Air'^i'. 
to  enable   them  to  elude   their  enemies.      With  a  powerful  pivht'n?^ii« 
tongue,  long  and  thick  tut'ts  of  grass  are  rapidly  carried  into  the  moiit^ 
and  n^  niiiidly  swid lowed.     However  tough  the  herbage  may  l»e,  it  i^ 
slightly  !>rnkeu  down  by  one  or  two  strokes  of  the  molar  teeth;  it  tlico 
passes  through  the  gullet  into  the  capacious  compartments  whicli  rcc«i« 
the  name  of  stomachs,  but  whicli  are  in  reality  pouches  of  the  o?sopW 
gus,  and  are  si  tun  ted  between  the  latter  tube  and  the  true  stomach.    Bf 
this  armngement  herbivorous  rumi mints  are  therefore  enabled  to  rnpi'llj 
fltow  away  in  these  reservoirs  a  8nj>i)ly  of  food,  where,  on  the  a)>j>ro»cl 
of  danger,  it  maybe  retained  until  an  ofijwrt unity  otfers  fur  its  retttTi 
to  the  mouth,  when  it  may  be  masticated  at  leisure.     The  slomacbot 
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iminant  aniniiils  consists  of  the  following  parts:  the  oesophagus  opens 
ito  I  be  rumen,  or  pauut-h,  which  communicatee  hy  an  opening  with  the 
jliciilura,  or  water  bag,  this  again  witb  the  thiixl  Btomacb,  or  psalter, 
tuasiim,  or  manypliea,  which  finally,  by  a  small  opening^  conimujiicates 
ith  the  fourth,  or  true  stomach,  or  abofuasum. 

The  histological  structure  of  these  compartments  varies  consider- 
bly.  Only  tbe  fourth  stomach  can  be  compared  with  that  of  animals 
rbich  possess  liut  a  simple^  single  stomach.  The  ruuK'n  is  coated  with 
lomy  epithelial  cells,  arrangctl  in  rows  hi  a  manner  somewhat  similar  to 
Ale  epidermal  cells  of  the  skill  (Fig.  133).     The  similarity  is  further 


Fio.  183.— BKrTTox  of  Wall  of  this  RrjuKW.    (Effenberffer,) 

i.biBmjUjr«r;   B.  lower  •pithelinl  lj»Tor;  C.  rwitilln;;    D.  Bnbmiicniii  masniilftr  l»j«r;    E,  tasar  miuealir 
Oi«t;  F,  BiDgH*;  G,  cxt^tiuLl  uiumuIkt  txxiL;  U^  •eroui  aomL 

Completed  in  that  the  submucous  connective  tissue  in  the  rumen  is  also 
^Inatefl  into  papiila\  similar  to  those  fount!  in  the  thickness  of  the  skin. 
It  18  Weil  sui^plicii  with  museh'S,  and  the  museular  fibres  in  the  sub- 
»Ucou8  layer  are  tolerably  well  developed.  But  few  glands  are  to  l)e 
foimrl  in  the  rimicn,  and  these  are  8imj)l3'  of  a  mucous  type,  while  acinous 
^/unrls  pai^s  through  the  submucous  connective  tissue  down  to  the 
ffiusculiir  fibres  below.     The  cavity  of  the  paunch  or  rumen  is  by  far  the 

^e^t  of  the  four  stomaebt^,  and  constitutes  about  nine-tenths  of  the 
e  repreaeated  by  the  ruminant  stomach. 
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The  second  stomach  is  called  the  honey ^;omb  bag,  or  reticulmQi  nni 

in  its  histological  structarii  ililfers  but  slightly  from  that  of  the  ruraeB 
Its  interior  in  likewise  lined  with  horny,  epitlielial  nMs^  arrangeil  tirl 
layers,  and  the  inferior  layern  of  the  mucous  membrane  are  armuged  ittf 
similar  im[>iihp.  The  retieuluin  owt.*s  its  name  to  the  j»eculiar  amin^l 
ment  of  the  murous  niembnine  which  lines  it  in  small  cells  or  cavilief  f 
not  communicating  with  each  other,  but  all  oii«aing  freely  into  th$  | 
general  ca%  ity. 

In  the  eamel  and  llama  and  other  animals  of  the  desert  mmilir 
collections  of  celli?  are  found  in  the  rumen  also.  In  these  animals  ihef 
consist  of  a  nnnjber  of  large  cells,  arranged  in  parallel  rows,  ntid  sefw* 
rated  from  each  other  by  Ibldb^  the  free  margins  of  which  are  thiekeod 


FlQ.  lai,— ftToMAril  OF  Llama      (CoUn,) 
A>  Mui\»t  txtntaily  nf  tbe  arwipharu«  ;  B.  sfartit  pttlar  **f  the  (r»(i(>ltajt«al  eatial;  C,  •ntwMitril* 

aolttnta  •■(Mmi.liac  tM  L»u  gmuii^  uf  i*»Ll«. 

by  muscular  fibres  or  sphincters,  capable  of  closing  the  opening 
which  each  cell  communicates  with  the  cavity  of  the  runieu.    Tlu*ff  *•*  * 
eight  hundred  of  these  cells  in  the  camel  and  dromedary,  and  X^V 
usually  contain  water^  for  whieh  purpo«ie^  indee«l,  they  are  belieVi?d  t»1 
constituted.     One  grc^up  of  these  cells  is  situated  to  the  left  aptl  ^^ 
other  to  the  right  (Fig.  134),     These  groups  of  cells  are  each  cai^ibte^ 
containing  in  the  camel  al^out  five  quarln  of  water. 

The  retienlum,  or  honey *oom1>  !>ag,  is  the  smallest  of  the  fonr  cflf'*"' 
partments,   in   the   ox    being    fixed   above   by   the   a*sopliagus   to  ^ 
diaphragm,  connected  with  the  narrow  part  of  the  rumen,  ami  att»(^ 
below  also  to  the  dinpliragm.     Its  cavity  communicates  freely  vitli  W 
of  the  rumen  by  a  large  opening. 


The  thinl  stomach,  or  psftlter,  oinaBum,  or  mnnj-plics,  is  situutetl  on 
10  right  side  oT  ibe  rumen  iui«l  reUeulimi,  desfeiuling  rranx  l»efore  buck* 
ftrd,  luul  is  linecl  hy  iiiiico*is  mt^mbrniie,  diH|KiSLHl  in  broad  ioUU 
f'lg,  135).  TheH€  fold«  are  td'  varying  brejidth^  from  twelve  to  fifteen 
I  n limber, and  form  almost  complete  partitions  ;  Ijetween  them  are  others 
raduftlly  diminiHldng  in  size.  The  external  surlaee  of  the  ni neons 
lembrane  of  these  folds  is  coated  with  an  epithelial  layer,  which,  when 
he  rumen  is  not  entirely  fre^h^  is  readily  stripped  otf.     Below  this  layer, 


I 


Fto.  la/x— Omasum  and  Auhmasum  of  the  Ox,  Lath  Open. 

or  Kt*«rf'^^"-  •hiYwinc  Itf  fbtdi;  B  th«  ofxifitiK  c«>mnii)nicatiQg  with  tht  retlculnm,  nr  hi»n«r-«<>inb  b«f  i  C, 
ftbouuMUttt,  Um  true  difBstiTC  MbmMioh,  <iti«ii«d  to  ihow  th«  iiliuWp  U,  uF  Its  mticuui  iii»tiibraa«. 


mch  is  called  tlie  homy  layer,  comes  the  mucous  memlvrane  proper.  It 
^«  also  provided  with  papilla^  which  are  larger  and  thicker  than  those 
''JUnd  in  tlie  reticnlnm.  The  mucous  membrane  consists  of  connective 
^4  ela-^tic  tissue-fibres  and  l)lood-vesscls.  In  the  mucous  membrane  are 
^^  found  obhque  muscular  fibres  of  the  nnstrii>ed  variety,  G hinds  are 
Witirely  absent.  The  folds  of  the  inncons  membrane  arc  pajii Hated  on 
Ik  surface^  the  eminences  being  llatteued  on  the  side  and  pointed 
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Cflge  of  each  fuKL  Wlieti  the  conteiits  of  this  stomach  are  escamined  inl 
animals  slaughtered  in  perlect  healtli  they  are  always  foil  ml  dry,  ar«i.] 
there  is  a  dispoaition  for  the  epithelium  to  bei^orae  detneheil  in  sbredgl 
and  adhere  to  the  pnlpy  mass.  In  the  bcirtdess  ruminants,  such  if] 
sheep,  these  folds  are  more  or  less  rudimentary. 

The  CBRopha^eal  canal  communicates  on  the  left  with  the  paimchl 
nnd  reticalum,  and  on   the   riy:ht  with  the   manypru's.     Its  direction  ii] 
from  above   ontward   and    backward,  the   anterior   pillar   entering  the 
lioney-eomb  bag  and  the  posterior  the  paunch  (Figs.  136  and  137).    Tl« 
lower  angle  is  raised  above  the  level  of  the  third  stomach,  esf>emlly| 
during  the  action  of  the  gnllet,  so  that  it  is  only  when  the  pillars  of  the  J 


h^i 


Fio.    130.  —  CEsoPiTAOKAL    Caxal,    Open, 

At  inUriar  •klrtmilj  of  th*  tetopluifiii  t  B,  «ftrdl««  orlAe*;  C,  nfi^rliir  uriflee  of  ilm 


Fig.  137.— <E8opraofai,   Cajcal,    Ctd 


canal  are  at  rest,  and  liquids  or  soft  foods  are    descending,  or  when 
contents  of  the  first  and  second  stomachs  strike  against  the  canal,  that' 
any  foocl  enters  into  the  omasum. 

The  fourth  stomach,  or  abomasum  or  rennet,  corresponds  in  its  hia 
tologieid  structure  with  the  stomach  of  other  mammals.  Its  mncoiu 
membrane  is  arranged  in  numerous  larger  or  smaller  fohis,  on 
summits  of  winch  open  the  ducts  of  the  gastric  glnnds.  It  also 
supplied  with  mnseuhir  fibres,  and  witli  nerves,  bloo*bvessels,  and  lyr 
pliatics.  Its  mucous  membrane  is  arranged  in  folds,  wluch  are  tram 
verse  at  tlie  upper  end,  longitudinal  in  the  middle,  and  gradually  etfacf*] 
in  the  pylorus.  The  fourth  stomach  of  the  ruminant  dirt'ers  from  thn 
of  other  mammals  only  iu  size  and  shape,  and  agrees  in  histological 
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icture.     In  tlie  horse  we  tiiid  tbiit  a  less  important  peculiarity  is  also 
to  be  noticed. 

LAfl<?r  having  iintlergone  the  tir^t  and  hit-oinplete  mastication^  the 
parses  into  tlie  tirst  and  second  stomachs,  wliile  tluitl  iind  finely 
comminuted  foixl  nia\  enter  ail  four  t'onipurtnitfUlK,  piiHsintf  d(recti3' 
i«to  the  first  two  stornaehs,  and  then,  h\  iiieaiis  of  the  ti'sophageal 
gutter,  into  the  third  and  even  into  the  fourtli  stomach.  It  was  l>e- 
Heveti  formerly  that  the  ijesophageal  gutter  conducted  Huids  entirely  and 
directly  into  the  thini  and  fourth  Htumachs,  hiit  FlourtniH  jjroved,  b}^ 
making  fistulous  openings  into  all  four  compartments^  that  immediately 


rvi^jr'js^-, 
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FlQ.  138,— KTOMACH    of    F*ti,L-GROWN     RHKKP,    iNFLATKh     ANI>    LM<I  Kit  :   Hn  K- 
riFTM  THE  NATrRAL  Hi?-!-;.     (T7iiinhojrrr.\ 
B.  raoMBT    R.  rttieulom:    S.  nVLMum  r    l>,  »bom**Hin  ;     r.  cwiiU ;    |i.  pvUtni*-    hr.  a>»ipha|ni*r    **. 

1nnkint£   fluidH   entered   nil  four    stomuchs    almont    simultaneously. 

IfH  an  animal  drinks  the  watt-r  i^ntor^  the  paune*h  and  the  reticulum* 

the  cBsophagUJ*   enters  at  the  jmiction  of  these   two   reservoirs, 

iasniall  quantity  <d'  liriuiil  enters  the  third  stomach  directly,  and 

Ithere  into  the  fourth.     Moreover,  the  rcticuhim  is  the  «eat  of  en- 

contractiona  which  force  a  part  of  its  contents  into  the  rumen 

Jto  the  third  stomach  :  consequently  it  would  seem  ekar  that  the 

portion  of  fluid  enteri?  tin*  first  two  stomachs  and  then  passes 

to  the  others,  though  some  directly  enten*  the  third  and  fourth, 
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being  condncted  l»y  lueaii'^  oT  the  a?sopliageul  gutter.  The  amount 
foil  ducted  must,  in  the  mo*^t  IVivorahle  aises,  be  but  insit^nificaiit,  since! 
tlie  afsn|>!iagt'al  gutter  \s  not  n  direct  contiuuatiou  of  the  gulleL  Imtj 
joins  it  in  fin  oblique  angle  directed  towanl  the  right  side.  The 
explanation  of  the  origin  of  the  huge  amount  of  tluid  invariably  found 
in  tile  first  and  second  stumacdis  wuuitl  otherwise  lie  iiniioKsible,  for, « 
alread3'  ptunted  out,  the  liuing  inembraue  of  these  two  oumpartiueuts  ji 
but  sparsely  su]jp]jed  wiili  glsuidK,  iind,  therefore »  they  are  iucapahle  of 
funnsliing  ii  st'crction  uf  their  own. 

The  c»j)eniuu:  between  the  seetunl  and  third  stomachs  is  extremely 
small.  Coarsely  (*omminuted  food  is  therefore  incapable  of  passing  into 
the  manyplies,  and  aeeumuhUes  iu  the  lirsi  two  reservoirs*  The  nimea 
and  houej-comb  bag  invariably  coulaiu   food,  even  after  animals  liAve 


FlO.  iSfl,— ftTOWACn  OF  TTTF    NFWBOR??    T.AMTi,    pRTEP    AftlY    InTVATMB ;  TmO' 

VftrdlAl   i»lt«:   ^/c.  (rii<i|ilmffik«|  «-ank1  r   r.  rnld»  in  mnian :  ta,  «i']«iti«f  into  ratictiltim:  <m,  aptijiai  »** 
abamaanm  ^  i\  ^*\<vvi-irratnyU  :  f.  dii<>il«ttiiiiti. 

fiisted  for  twenty -four  hours.  Tluis,  Colin  found  that  in  an  ox  whidll 
had  fasted  twenty-four  hours  the  rumen  might  cfuUain  one  hundred  and] 
lifty  to  two  hundrtMl  jiounds  of  food,  three-fourths  of  which  was  water,! 
but  little  solids  being  found  in  the  reticulum. 

The  coarsely  gronufl  foorl  w  hich  first  enters  the  pat  inch  and  reticiirJ 
lum  is  sulyeeteil  there  for  a  variable  time  to  the  liquids  contained  inj 
those  organs^ — saliva,  mucus,  and  water;  in  proportion  to  the  difTerent 
nature  of  vegetable  food  is  its  present-e  in  the  rumen  prolongCMl.  Li(pjids,1 
Hueh  as  milk,  whie!i  m'ed  no  necond  mastication,  pasH  chiefly  into  thiij 
second  and  third  cavities.  The  functions  of  the  rumen  are  then  dia 
l>ensed  with,  and, as  a  conseipience,  we  find  the  rumen  quite  rudimeutarjrl 
iu  suckling  herbivorous  animals  {Figs.   13B  and   I39j.     The  reaction  of  J 
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the  first  two  stomnrhH  is  slij^litly  Jilkstlirus  TitHknniiiin  and  (jmeliii 
fouTid  it  neid  in  eiUvi's,  ami  VuVin  suy.s  it  is  Aho  acid  wlji^ii  digtstian  is 
diet u r bed f  from  tt'rmentativt;  diange  occ'iirriiig  in  the  food,  Tiie  food 
left  in  tUt*  rmiien  and  rctirulum  is  subjected  to  n  slow  clinrning  [process, 
and  not  to  the  active,  j^rijulin^  mf^vfiiieuts  whieli  were  once  tljoiiji:lit  to 
aici  in  trituration  and  re^nrgitalion  of  food,  jsubstuueey  drop|>ed  into 
the  posterior  poucben  of  the  paunch  gniclually  hciii;^  forciMl  forward  into 
the  reticuhim  an<l  back  a^ain,  with<nit  any  vl-it  sensible  eontraeticmH  of 
the  mnsculur  walls  of  tlie  vi.seu>^  {Fh^.  14U).  iJy  expusiug  the  iiderior 
of  the  paunch  in  a  young  IjuII,  (\*Hm  ni>!ieed  the  welling  up  of  the  fluid 
and  the  produeti4)n  of  distinct  waves,  indicatins^  the  commotion   set  up 


Firj.  140,— RuMHi*   ANTi  fU.Tim.iM  or  tiik  Ox,   Laid  Opk^  by  REMOvmo 

THK  Lkkt  Wai.i.  Willi. k  in  f^rrr, 

A,  fitllH :  Bv  n>ti<ni1iim :  C,  •.ni^rinr  pitnch,  fit  rttmen  :  D.  midiriltf  THn^rb :  E.  \nMttitiinr  imttMrior  [wnch  :  F* 


in  every  portion  of  the  contents,  Tlic  newly  swallowed  food  is  therefor^ 
''p^Hily  mixed,  however  ]<myc  the  animal  may  Iiavc  lasted,  with  the  por- 
tions which  must  necessarily  lodge  in  tlie  h)wer  pouches  of  the  rumen, 
fVHB  in  the  mont  perfect  digestion  fFi^.  141).  It  is  evident  that  pro- 
bjij^ed  maceration  in  the  paunch  will  reduce  food  to  a  pnl|\y  mass,  thus 
faeilitatint^  the  rcjinrijitation  of  the  food  for  a  second  mastication.  All 
wluble  materials  which  the  saliva  and  other  tlnids  swallowed  nmy  die- 
[^wlre  are  ren tiered  fit  for  pasaa^j^e  into  the  alimentary  canal,  and,  how- 
feeble  the  actions  cif  secretion,  the  saliva  swallnwcd  is  liere  in  its 
,  suitable  conditions  for  transforming  starchy  food  into  sugar. 
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chniijjjes  fjf  tlio  food  in  this  stoiiiiirii  iin^  probitlily   of  a    fcrmentatiTe 
iifitiiiv,  n^4   iiuiicatod   by  t\w  nature    ol'  the   gases   wljH;h  are   cunstjiiillr 
presejiL     Thus,  COj,  11,S,  acetic  neid,  butyric  acid,  ciirboimte  of  ammo- 
fiium,  flilorides^  carboinites,  phosphates   suid  sulijhates  of  socliuni  uml 
potassium,  and  earbonateK  and  |ihosphatcs  of  lime,  are  almost  consUintly 
futnid.     Tlie  solids  will,  of  t*oiirse,  vary  in  relative  abuiidantje  accortling 
to  the  food  which  has  si-rvctl  as  n  diet  for  the  animal.     In  the  reticultmi^ 
also,  tlic  food  nudertjoes  trhaiitrt^s  simihir  to  those  which   have  lieeti  ob- 
served ill  the  rumen  ;  in  fact,  the  retlcnbuji  mjiy  i»e  rei^ar<le<l  as  an  exieih 
sion  of  the  |iatiiieh.     Its  s|>ecjal   functiim  apiJcars  to  be  to  retain  fluids, 
as  its  contents  are  always  liquid.     Its  reaction  is  alao  alkaline. 


KlIK  in.— VKBTirATr  HEl'TtaX   oK  TUK   Rv^KS    ,\X1>   H>:THn^LCII.      (fWl».| 


A  B,  lUfwriDr  n^i**! 


C  D,  median  rftld•^n  :  K  V.  inferi'if  rpurm  .  Hi  It.  thtt  miJiH  mmnin  •Imi*  0»*  <r<*HrN  1Mta<*«l  I 
hMfd  wttkli  (HUAOfl  rr«^in  ih«  |miii«rlior  [wirtiuna  of  th«  niiiiHin  tu  Ihi  runiliiiAted 


As  rejjards  tlic  meehaniHm  of  the  rejection  of  food  for  Ihe  second 
mastication,  considerable  ilivcrsity  of  opinion  prevails.  All  authors, 
however,  aj^rcc  in  dividing  the  organs  of  ruminatifin  into  the  essential 
or|.mii — ^the  stomach,  and  the  aiixiliarv  orgaiis — the  diaphragm  and  al»- 
domina!  muscles.  It  b  not  perfectly  clear  from  which  compartment  the 
food  enters  the  ieH(i]jhajriis  to  he  rimiiuated. 

Colin,  Chauvrau,  aud  f>thcrs  lM»licve  lli:it  i1  juisscs  directly  outof  the 
rumen  into  the  ti*sopha;;iis,  whih'  Maubner  thiukn  that  the  nssistanee  of 
the  waterdmg  is  essential,  and  this  seems  most  probable  on  anatomical 
grounds.  The  rumen  is  an  organ  of  immense  size,  and,  as  has  l>een  shofrti, 
may  contain  as  mu(^i*  as  two  hundred  pounds  of  material,  and  its  miisci 


I 


RIMINATION. 


325 


walls  are  proportionately  weak.     On  the  other  hand,  the  reticuhim  iw  the 
smallest  of  the  lour  gastric  compuilinents ;    its  nmscles  are,  compara- 
tively speaking,  strong,  antl   under   nti  in  illation    ol'  the  piietiniogastric 
nerve  it  has  been  found  to  decrease  one-tliird  in  volume.     Fnrtlu^rmore, 
the  oesophagus  coinniunieates  more  directly  with  the  Becond   than  with 
tlie  first  stomach,  its  opening  into  the  rL^icuhnu  having  somewhat  the 
tihape  of  a  funnel.     The  lips  of  the  cesophageal  gutter  are  not  essential 
to  the  formation  of  tlie  end,  for  Ci>liu  found  that  stitching  the   lips  of 
this  canal  together  with  wire  snlnres  did  not  interfere  with   rnniination  ; 
B^nlso,  tile  reticulum  ha,^  been  found  not  tr>  be  scilely  eoncenied  in  this 
operation,  tor  Flourens  excised  a  portion  of  this  organ  and   hewed  the 
remaiu<ler  to  tUe  abdominal   Widls  in  a  Hlieej*,  iinil  yel    nnuination  was 
VK>s^ible.     Colin  has  sliown  that  the  gradual  in»t*rtiou  of  food  between 
llie  {)i]bir^  of  the  gullet  is  sntlicient  for  the  regorgitfitioii  esKential  to  the 
aet  of  rumination.     Moreover,  that  the  ii'sojibjigeal  jiilhirs  are  not  essen- 
tial to  the   formation   of  tlie  cud   i**  proved   by  eomparutive  anatomy, 
where  we  find  runiinatiou  occurring  in  the  llama  nnd  dromedary,  where 
ualy  a  single  pillar  is  preKcnl,     The  contents  of  the  first  two  stomachs, 
as  already  mentioned,  are  stdiji-eted  to  a  gentle  eluirning  motion,  and  the 
tendency  of  the  food    is  to   strike    IVirward    against  the  [>i liars  of  the 
I eso pharos.    As  it  presses  forward  by  its  own  weight,  and  the  slight  degree 
of  iaipulse  which  the  eoutrnetions  of  the  nurien  junl  reticulum  give  to  it, 
there  is  a  contraction  of  the  diajjliriiL^m  ami  abdomiiud  muscles,  and  this 
^^ases  a  portion  of  the  contents  of  these  two  eompartments  to  engage  in 
the  infundibtdar  orifice  of  the  gullet,  wInmuh'  tliey  are  cjirried  upwfird  by 
rever^ied  peristalsis. 

The  action  of  the  jibd*nuinal  uotsi-h's  and  diftidiragm  arc  uecessfiry 

to  jK-miit  of   rumiujition,  for  whru.  hs   wus   jn^oved    by   Flourens,  the 

'Aiu|ilinigin    is    paralvzed    l>y    M-etiou    of    the    phrenic    nerves,  idthough 

ramination  may  take  place,  tlie  alKbnuimd  muscles  will  be  eidh'd  upon  to 

iiifikc  ;ui  extra  cttbrt.     When  the  abdonnual  mnweles  arc  puralyzedt  as  by 

'^'•ctimi  uf  the  stHiial  cord,  riimiualioii  is   tlieu   imposKible,     This  is  also 

tlie  L'Msc   when    both    puenmogastrie    nerves    are   divided.     That    the 

^lia|)liragm  aud  abdmninal   muscles  are    tlie  organs    whose  continction 

^I'^UrmiTies  the  act  of  rcgnrgitatiou  is  )>rcjbablc  on  otlier  grounds.     The 

"J'lst'iilHr   lilires  of  the  rumen  and   reticulum  are  largely  of   the  pale, 

nnstriped  variety,  and  their  contraction    is  slow  and   jjrolonged.     The 

wipi{!ity  of  the  act  of  regurgitation  points  to  its  being  produced  by  red, 

^trijjed,  voluntary  muscles.     When  the  rud  engages  in  the  (esophagus,  a 

^^Jistant  movement  may   lie  seen   in   the   Ihmk,  more  sensible  than  the 

^Btlier  respiratory   movements,  and  which  is  due  to  contracti*m   of  the 

^Bdominal  muscles,  an  inKpiration  Ijcing   followed  by  a  rapid  tx  pi  ration. 

^Riis  TiiDVpment  is  coineirlent  with  the  entrance  of  the  bolus   into  ♦ 
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iiifuutjihulum  of  tlie  c^sophiigim,  {iiul  while  it  is  due  to  the  coutractbn 
of  the  auxiJiar}'  orgatis,  this  irout.nietian  m  uot,  HiuU*r  ordinary  cireiliu* 
staiiees,  very    etiergetie,  but   Ijei'Omes  sa   when,  sin   a   coui?equeiH^*5  of 
various  iliseases,  the  food  iti  the  riinien   becomes  more  or  lei*3  dry,     Thi* 
aseeiit   of   the  cud  is  not  only  due  to  the  j^reHsiire  of  the  eofdractmg 
alirlominal  lUid  gastric  unmcle:*,  but  a.^i*lraiio}i  Ut  n  c^rtnin  extent  iVHtti$tH 
ita  onward  progress.    At  the  moment  of  the  net  of  rnmination  the  glottlff 
IB   closed,  and   as   the   dinpbratrm   eontniets   the   thuriifie   rapacity  U 
augmented  and  the  bolnjis  is  drawn  ttjward  the  thtirux.     When,  injd  a^ 
soon  as  the  bolus  of  food  1m  engat,^ed   in  the  fes(ipha^u?4»  it  i«  earried  tn 
the  month  with  great  rapidity  In'  the  ac*tion  of  tlie  muscular  fibres  of 
the  a^i^ophafju^,  the  proeesF^  Ijeing  the  reverse  of  dej^lutition;  that  ift,  tb? 
longitudinal  fll>res  (Irf^t  contnict,  and  so  widen  the  a'sophagnir^,  nnd  then 
the  circular  fibres  successively  contract  l>elow  the  bidris,  and  so  ihnit  it 
up  wan  I.     The  aseent  of  the  cud  is  visiljle  throughout  the  entire  Umph 
of  the  neck  in  most  ruininanti^,  particularly  in  tboj^e  wbieh  are  tlnnj^f 
wliich,  like  the  camel,  have  a  long  neck.     Its  aseent  is  also  i>erct»ptiljkdfj 
the  touch  and  to  the  »eu^  of  hearing,     Wlien  the  car  ifi  plaeed  uver  tk 
course  of  the  ojRophagu**  in  a  ruminant  animtil,  various  sounds  im\x  In' 
recognised  duriiig  the  act  of  ruTninatnin.     In  this  panition  l>nl>hl{n^  *^f 
moiit  friction  aounfk  can  be  heard  from  the  region  of  the  rumen,  evtm  w 
the  Intervals  of  the  rumination,  due  to  the  disengagement  of  bubbles  of 
gases  in  the  proeesiri  of  fernientation  wldcb  so  often  ot^cnrs  in  thiavistiiRr 
These  sournis  are  most  marked  in  animals  which  are  fed  on  green  (oddtt. 
A  sound  very  eiosely  analogous  to  tlie  |>leural   fnetic^u   sound  is  al!«> 
heard  in  the  s-aww  locality  ernneident  with  tlie  movements  of  respimtJruL 
It  is  due  t<j  the  friction  between  the  rumen  and  the  diaphragm*    Thif 
peculiar  bubbling  sounds  due  to  the  niotiou  of  foods  may  ^Uo  be  head, 
and  are  dependent  upon  the  entranee  of  sjiliva  or  ftjod  into  the  first  aoii 
second  sl(imaeh  and  the  passage  of  currents  from  the  first  and  s^econd 
stomaehs,  and  lure  ver,<sd.     In  addition  to  these,  rnnjbUng  and  churning 
sounds,  due  to  the  motion  of  tlie  mnteriai  in  the  rumen  and  prodnce*!  IfJ 
contraction  of  the   pillars  of  tl»e  rumen,  may  also  be   heimb    iHiriiJ^^ 
active  rumination,  if  the  ear   is   plaeed  e>ver  the   cervical  path  of  thf 
cesophagui^,  that  is,  over  the  left  jugular,  the  passage  of  the  bolus  amy '*' 
distinctly  heard,     The  ear  perceives  the  tactile  impression  of  a  boily 
passing  rapidly  beneath  it,  and  a  sound  is  heard  which  by  its  peenliif 
characteristics  indicates  that  the  liohis  is  imjiregnated  with  or  m*<roW' 
panied  by  u  quantity  of  liquid. 

A^  Hinm  as  the  bolua  enteri^  the  mouth,  a  second  soimd  is  h<nrf 
which  indicates  the  rapid  downward  pa>isagc  of  liquid.  This  may  1» 
repeated  two  or  three  times  at  short  intervals,  and  shows  that  the  boloi 
is  accompanied  in  its  ascent  by  a  quantity  of  li(piid,  which,  as  soon  as  iti 
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lubricating  function  has  been  served,  is  again  swallowed.  This  fluid 
consists  partially  of  saliva  and  water,  or,  in  other  words,  the  contents  of 
the  rumen  and  reticulum,  and  as  the  bolus  of  food  enters  the  oesophagus 
this  fluid  is  mechanically  driven  in  with  it.  Its  presence  is  absolutely 
essential  to  the  act  of  rumination,  for  rumination  is  impossible  in  animals 
when  deprived  of  water,  or  in  whom  the  secretion  of  saliva  has  been 
interfered  with. 

As  soon  as  the  cud  reaches  the  pharynx  the  soft  palate  suddenly 
rises  and  the  food  is  carried  by  the  tongue  between  the  molar  teeth  and 
cheeks,  the  mechanism  by  which  the  food  is  prevented  from  entering  the 
nasal  chambers  and  larynx  being  precisely  the  same  as  has  already'  been 
described  as  taking  place  during  deglutition.  The  amount  of  food 
laised  in  each  bolus  varies  from  one  hundred  to  one  hundred  and  twenty 
grammes.  It  is  at  first  only  coarsely  ground,  and  not  very  soft  or  fluid, 
bat  it  soon  becomes  fine  and  comminuted  and  thoroughly  macerated  in 
the  second  mastication,  and  is  collected  in  a  little  cake  on  the  back  of 
the  tongue  preparatory  to  swallowing  a  second  time.  Since  the  quantity 
composing  each  bolus  may  be  readily  determined  b}'  withdrawing  the 
cud  from  the  mouth  as  soon  as  it  is  rejected  from  the  stomach,  it  is 
possible  to  calculate  how  many  of  these  rejections  are  necessary  for  the 
mastication  of  the  twelve  to  fifteen  kilos  of  hay  which  constitute  the 
ordinary  dail}'  ration  of  an  ox.  Since  it  has  been  shown  that  dry  fodder 
ibsorljs  in  mastication  and  in  the  rumen  four  times  its  own  weight  of 
fluid,  twelve  thousand  five  hundred  grammes  of  hay  will  aiMjuire  a 
weight  of  sixt\'-two  thousand  five  hundred  grammes.  It  is,  therefore, 
necessary  that  five  hundred  and  twenty  rejections,  each  of  one  hundred 
and  twenty  grammes,  take  place.  In  order  to  permit  all  of  this  food  to 
undergo  a  second  mastication,  and  as  each  l)olus  requires  about  fift}' 
seconds  for  its  second  mastication,  at  least  seven  hours  would  be 
required  for  the  process  of  rumination  ;  even  if  we  admit  that  one- 
seventh  of  the  food  is  not  masticated  a  second  time,  one-fourth  the  day 
is  required  for  rumination.  The  ox,  therefore,  cannot,  like  the  horse, 
be  used  for  constant  effort,  as  he  requires  time  for  rumination,  and,  as 
^'ill  )ye  shown  directly,  rumination  is  very  readily  interfered  with  by 
any  active  exertion. 

As  soon  as  the  bolus  enters  the  mouth  it  is  subjected  to  a  second 
mastication,  which  differs  from  the  first  only  in  being  more  regular  and 
more  complete.  The  num])er,  rapidity,  and  regularity  of  the  movements 
of  the  jaw  in  this  second  mastication  appear,  however,  to  ])e  subject  to 
numerous  variations.  As  already  stated,  the  movements  of  the  jaws  are 
unilateral;  this  also  applies  to  the  second  mastication,  although  perhaps 
less  regularl}'.  Unilateral  rumination  is  seen  in  the  ox,  sheep,  giraffe, 
antelope,  and  other  animals,  and  is  most  usual.     Its  duration  may  be  as 
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Umg  as  a  fjimrter  of  mi  liour,  and  tbcn  the  direction  of  mastication  niaj 
lie  revt^rsed,  lb**  rli:!!)-!!*  usitjiUy  oi-curring  as  a  new  bolus  enters  tJ 
iiiuiitli,  :iiid  not  diiriiJL^  tlie  niusti(  ntiun  of  uiie  wbicli  has  aheadj  entei 
the  motith.  In  eerUiiu  aninials,  uh  in  the  dromedary,  tlie  masticatioa  of 
rumination  is  alternate;  that  is,  the  h>wer  jaw  moves  first  to  the  right  anti 
then  aeross  the  centre  line  to  tlie  left,  and  so  on.  In  yoon<j:  animals  the 
rhythm  of  mastieation  is  always  more  Jrregtdar  than  in  atlult  animals; 
the  numlier  of  strokes  of  the  teeth  to  each  bolus  varies  according  to  th( 
Kpeeies  of  animals,  the  age,  tlie  cbarneter  of  the  food,  etc.  Thus,  dr 
food  re^juires  more  chewiJig  tlmn  green  food,  perhaps  thus  explaining' 
the  statement  that  animals  runnnate  more  in  winter  than  in  summer. 
Young  animals  have  a  smaller  numlier  of  teetli  than  older  animals,  ani 
tbereftire  reciuire  a  longer  time  for  nnistiention,  as  is  also  the  case  in  old] 
animals^  where  the  teeth  have  become  imperfect.  The  rapidity  of  motion* 
of  tlie  second  mastieaticin  closely  corresjionds  in  character  with  the  other 
motions  of  the  same  unimaL  In  those  animals  which  are  babitually  slow; 
and  sluggish  in  tJieir  movements,  as  the  ox,  huHalo,  etc.,  the  movemem 
of  mastication  will  lie  slower  and  more  deliberate  than  in  animiils,  sni 
as  the  antelc^jie  and  giizelle,  in  which  the  mnscnlar  actions  are  rapidly 
performed.  Kven  in  animals  of  the  same  species  it  will  generally  \m 
noticed  that  the  movements  are  more  rapid  in  youth  than  in  old  aj 
Toward  the  end  of  tlie  [leritxl  of  mantication  of  the  cud,  the  movemen 
of  the  jaws  heeonie  eonsklendily  aceeierated.  If  rumination  is  interruftte 
from  au}^  distnrhance,  the  lM>lns  is  held  in  the  mouth  for  a  time  and  nui 
tication  again  completed  hefore  it  is  sw^allowed.  Even  when  so  intel 
minted  the  average  nnml»er  of  strokes  of  tlie  teeth  tf»  cnch  hohis  is  n< 
interfered  wilb.  If  tiie  disturtnince  is  sullii^icntly  severe  to  prevent  t 
resumption  of  ruminatiou,  the  bolus  is  behl  in  the  mouth  for  some  tinje 
and  then  swallowed  by  several  rapid  movements  of  deglutition.  During 
the  mastication  of  the  end  the  bohis  ih>eK  not  puss  between  the  incis^ifi 
teeth,  bni  remains  between  tlie  molars.  As  has  lieen  stated,  the  move 
ments  of  mastication  et^nstitnte  the  [mncipal  stimulus  to  the  seen?tioi 
of  tlie  jmrotiil  glands.  It  is  these  gfands.  therefore,  w*hich  secrete  mos| 
aetively  during  rumination,  while  tbe  salivary  glands  of  the  anterior  sys- 
tem are  ahnost  inactive.  In  the  ruminant  fuiinml  tbe  secretion  of  tb< 
parotid  is  never  entirely  sup]>ressed,  for  the  Mnid  which  it  pours  out  ]# 
essential  to  active  ruminntiin*.  »Since,  if  a  listula  be  made  of  the  parotid 
ducts,  and  the  (ifirotid  saliva  condueted  4iutsi<le  of  the  month,  even 
though  the  animal  be  sufitilied  with  writer,  rumination  beeomcs  more  am! 
more  di  Mien  It,  and  after  tliree  or  four  chiys  lH?comes  impossible.  The 
saliva  is  tberefori-  essential  to  active  rnminatioiK  When  the  fooil  ont4*j 
the  mouth  the  secretion  of  the  parotid  again  Ijccomes  nn»re  aetive,  axiii 
these  glands  have  been  estimated  to  pour  out  nine  hundred  gi-ammes  o; 
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saliva  eAch  in  one-quarter  of  an  Iiuur.     Besides  keeping  the  food  in  the 

Tuineu  moist  and  lulirifatini!;  tlit»  a^soJlllat>:lls^  the  srdiva  secreted  during 

abslmcDce  and  the  second  mustieiitiou  does  not  M  pass  into  the  rumen, 

W  some  ijf  it  also  pwases  into  the  manyplies^  and  so  serves  to  keep  the 

tt^opliatjjeal  gutter  lubricated. 

As  soon  as  the  mastication  of  the  eud  is  cnmpiete,  aud  the  food  thus 
fHfficieiitiy  comminuted  and  impregnated  witli  a  large  amount  of  liquid^ 
it  is  a  second  time  b  wallowed,  the  meciuiidsni  a  train  being  the  Hunie 
tt  was  descriljed  under  the  heading  uf  degliititiun.  Oidy  about  four 
ttcoflda  eUipse  from  the  time  of  deglutition  of  one  bolns  before  the  next 
fifomied  and  ascends  to  the  moutli.  Of  tliit?  |»eriod^  probably  one  and  a 
blf  seconds  each  is  occupied  liy  the  descent  of  tlie  boluH,  tl*e  furmation  of 
anew  bolus,  and  the  ascent  to  the  mouth.  When  the  cud  has  been  swaU 
bwe<l  a  second  time  it  is  now  so  finely  divided  that  it  is  able  to  pass 
through  the  opening  between  the  second  and  third  Htoinaehs.  It  there- 
fore largely  folhjws  the  course  «>f  the  *esii|jhageal  canal,  at»d  passes 
rapidly  into  the  many  plies,  and  from  there  into  the  true  stomach,  to  l^e 
subjected  to  the  action  of  the  gastric  juices.  Part  of  it,  however,  pos- 
sibly falls  directly  into  the  rumen  and  reticulum,  to  be  mixed  with  the 
materials  contained  in  these  cavities. 

la  order  that  rumination  may  take  place  the  stoniacli  must  be  dis- 
tcnW  with  food,  otherwise  the  walls  of  the  rumen  will  be  flaccid  and 
tliL- alxiominal  muscles  will  be  inedectivc  in  aiding  in  the  |mssagc  of  the 
bolug  upward  through  the  a^sophagus.      Since,  tlieu,  no   digestion   or 
alwiorption  occurs  within  the  first  three  «^iistric  eompartments,  an  animal 
"JMler  8ucli  a  condition  might  die  of  hunger  with   its  rumen  still  almost 
filltd  with  food.     On  the  otlu^r  hand,  the  paunch  must  not  be  very  much 
<ll!itencled,  or   its  walls  will  be  paralyzed  and  will  be  prevented   from  re- 
flt'ling  on  its  contents.     Ruminant  animals  must  alw^ays  be  well  supplied 
with  water,  and  their  secretion  of  saliva  must  be  active.     Rapidly  grown 
trrnsses  from  irrigated  meadows  distend  the  rumen  far  more  in  propor- 
tion to  their  solid  elements  than  other  forms  of  food.     The  distended 
paunch,  however,  soon  diminishes  in  size,  and  then  appears  very  empty, 
and  animals  cannot  ruminate  as  ellectually  as  with  harder  and  drier  food, 
as  a  certain  bulk  is  retpiired  to  permit  of  regiirgit^ition.      Rumination 
does  not,  as  a  rule,  commence  until  after  the  animals  liave  la'cn  watered, 
unless  fed  on  grt^en  fodder  or  succulent  roots,  and  even  then  they  some- 
times require  water. 

The  position  which  the  ruminant  aninml  assumes  during  the  aet  of 
rumination  is  common  to  all  ruminants,  mid  is  very  characteristic.  The 
antinal  reclines  slightly  on  one  side,  resting  more  or  as  much  on  the 
cheBt  as  on  the  lielly,  the  anterior  limbs  flexerl  under  the  chest,  and  the 
posterior  limbs  hrought  forward  and  partly  under  the  alMlomen, 
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Riirainant   animals   aro  very  timul  nm\   easily  frightened,  so  rer 
slight    ciiusiis    will    arrest    riiiiiiiiatioiK      As   soon    as    the    attention   iil 
attracted  the   auiniHl    filtrii[)tly  eeasen  to  rnminuie,  and  it"  lying  down  < 
rises  and  often  runs  away,     A  sndden  sonud,  ii  falling  object,  or  some  i 
strange  sight  may  be  suftieient   for  this,  although,  of  course,  animals  In] 
domestimtion    become    le^v**    impressional4€\      Slight    maladies   jkrev<?nl] 
rutnioation,  an  do  ex(*e.srtive   food   and  gases  in  the  stomach,  venouioui  ^ 
or  narcotic  plants,   fon*ed    niarehes,   fatigue,   rut,  and    sntt'ering  of  all 
kinds.     Ev^en    the    seiiaration  of  n  nujlher  from    her  young   has   l)«^ii 
known  to  tenii>orarily   arrest    rumination.      The    longer    rumination  is 
postponed, tlie  more  dttlicnlt  is  its  recommeueeinent,  since  food  becomefl 
dry  and  eompactly  packctl  in  the  rumen  and  the  many  plies,  and  tlidr 
mendiranes  become  irritated- 
It  would   appear  at  tirst  sight  as  if  the  act  of  rundnation  was  a 
imrely  voUintary  process,  since  the  least   psych iciil  disturbsmt*  iiit4»r.  j 
feres  with   its  aecomplishnient      NcvertheU^ss,   like  other   complex  co- 
ordinated movements,  such  as  deglutition  and  tlefecation,  which  are  pai- 
tiall}'  under  the  control  of  the  will,  rumination  is  essentiallj^  reflex  in . 
natinx%  and  has  for  its  point  of  departure  the  irritation  of  the  terminal 
li laments  of  the  sensory  nerves  (»f  the    rumen.     The  centripetal   tmtl* 
of  this  nervous  impulse  hes  in  the  pueumogastrics,  and   exphiins  tins  ^ 
suspension  of  rundnation  when   these  nerves  are  divided;  the  automntic 
nervous  centre  is  loeattnl  in  the  medulla  obhmgata,  it^i  precise  jiosition 
being,  however,  unknown ;  the  efferent  nerves  are  the  motor  nerves  of 
the   stomach,  diai)hragm,   and    alMluudnal    muscles,   together   with  the  j 
nerves  going  to  the  nniscles  of  mastication  and  deglutition,  and  to  thtJ , 
parotid  glands. 

In  goats  narcotized  with  morphine  Luehsinger  was  able  to  produce  1 
all  the  movements  of  rumination  by  artitieially  stimulating  the  sensory 
nerves  of  the  rumen,  cither  by  pressure  with  tiie  hand  on  the  surface 
of  the  rumen,  electrical  stimulation,  or  distensions  liy  injections  of  waniiJ 
water.  He  also  foiuid  that  not  only  might  the  regurgitation  and  ascent  j 
of  the  bolus  be  so  (uoduecd,  Imt  that  movements  of  mastication  and  ^ 
deglutition  and  salivation  were  produced  even  when  by  division  of  tjicj 
oesophagus  the  ascending  l)olus  was  preventetl  from  reaeliing  the  mouUtiJ 
thus  indicatitig  that  these  processes  also  are  gastric  reflexes. 

Rumination  nmy  thus  be  regarded  as  a  sjiecies  of  vomiting,  modified] 
in  such  a  manner  that  there  is  no  escape  of  the  ejected  matters  from  the  | 
mouth,  and  that  no  more  is  regurgitated  from  the  stomach  at  any  one 
time  than  can  be  conveniently   masticated;    for  as  soon  as  the  bolus 
engages  in  the  gullet  the  fesophageal  pillars  l>ecome  firmly  contmetedfl 
and  the  gastric  orifice  of  the  *esophagus  remains  closed  until  the  cud^ 
having  been  sulijec ted  to  a  second  mastication,  again  enters  the  stomach* 
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¥11,    VOMlTrNG, 
By  vomiting  is  meant  tlie  con\'iil.sive  rejection  of  the  contents  of 
f  stomneb  throni^li  the  mouth.     It  dili'era  from  rumination  in  that  in 
must  t^ises  it  is  a  path  ol  officii!   inn  I   not  si  normal   process,  nnd  that  the 
ejei-Uxl  matter  usually  cscapeR   from  tlie  mouth,  and  is  not  again  swal- 
loweil.    In  certain  animats,  however,  as  in  carnivorous  birds  and  fishea, 
v^Jmitiug   constitutes   the   normal    method   by   which   in<ligcstih!e   sul>- 
btaiices  are  removed   from  thi?  stomach  ;  thus   l>irds   rwidily   reject  the 
cotiteDts  of  their  crop,  and  the  matter  so  rejected  is  often,  as  in  the  case 
j<>f  pigeons,  used  for  nounsbin*j  their  young. 
Fish,  amphibia,  and  re|jtiles 
rwulily  vomit  through  the  contrac- 
tious  of  their  stomachs,  and  by 
tliis  means    indigestible    matters 
\%K    removed.       In     fro<?s     this 
'  |jmee»s  occurs  frciiuently  in  June 
I  wkI  July,  aiul  then  is  of  less  fre- 
quent occurrence   as   the   winter 
«I>proaeheH.  and   when  they  jmss 
intotliHr  state  of  hibernation  in 
Jammry  and  February  is  entirely 
irjuiting.    Among  mammals  there 
i'liata  the  greatest   ditference   in 
tlie    degree    of     readiness     with 
wbiek  vomiting   occurs,  the  car- 
DtYora  and  most  omnivora  vomit- 
ing with  the  g^reatcst    reaciiness, 
nltlioiigh  the   pig   with   difliculty 
empties  itfi  stomacli  by  vomiting. 
The  monogastric  herbivora  vomit 
rery   nirely,  and    then  only  with  the   greatest  difliculty.      This   differ- 
ence in  the  degree  of  facility  with   which  vomiting  takes  place  is  due 
to  the   formation  of  the  stomach   and   the    character   of   the   aliments 
which   it  contains.      In   manjTiials,  which    vomit  readily,  aa  Colin    has 
pointed    out,  the  stomach    is   simple,  and    the   (esophagus    is    inserted 
toward  the  left   extremity  of  the  stomach   far  from  the  pylorus*     The 
(esophagus  has  thin,  extensible  walls,  wilh  an  infundilmlar  dilation  at 
it«  insertion    in    the    stomach    (Fig.    142),     In    animals  which    do    not 
vomit  the  stomach  may  be  either  simple  or  have  several  compartments, 
the  cardiac  orifice,  in  the  former  case,  being  near  to  the  pylorus,  and  the 
(esophagus  having    thick  walls  with   a  narrow  orifice  of  entrance  into 
the  stomach,  which  is  constantly  occluded   by  tlie  cdntractions  of  the 
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Fig.  142,— 8TOMACH  of  the  Doo.    {Colin.} 
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powerfkil  sphincteric  muscle  (Fig.  143).  In  animals,  such  as  the 
nivura  and  omnivom,  which  readily  vomit,  the  stomiicli  contains  sub 
stances  which  are  generally  soft  and  moist  and  frt?qiiently  finely  dividei 
and  when  subjected  to  pressure  readily  escape  into  the  dilatable  cartlia 
orifice  of  the  gullet.  In  herbivora  which  do  not  vomit  the  stomach  ii- 
usuftUy  filled  witli  imperiectly  divided  forage,  imperfectly  impregnAMl 
with  water  as  compareil  with  animal  tissues  and  closely  mixed  together. [ 
When  these  matters  are  subjected  to  pressure^  the  liquids  which  thev] 
contain  are  pressed  out  and  escape  into  the  intestines  through  the  large 


FiQ.  I'lA.— Stomach  of  titk  HimsR.    {C&iivt,) 

A,  wrdlftc  •itPtiuilj  of  tiM  ttADt^hai^u ;  /f,  fiji'loric  H«ff. 

and  generally  patent  pyloric  orifioe.  Pressure,  therefore,  simply  serves 
to  red  nee  tlie  viibime  of  the  gastric  contents,  while  small  ]K>rtions  only 
are  separated  from  the  mass  and  engage  in  the  oesophagus,  and  can  then 
only  move  upward  with  great  slowness. 

Vomiting  is  inaugurated  by  a  special  nervous  impression^  lerme^l 
nausea,  whicli  eflects  the  combined  action  of  the  stonmch,f esophagus,  dia- 
phragm, and  alidominal  muscles.  The  sensations  of  nausea  are  usually 
accompanied  by  a  copious  secretion  of  saliva  (by  a  reflex  stimidatioii  of 
alferent  fibres  in  the  gastric  branches*  of  the  vagus,  the  etferent  nerve 
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ting  the  chorda  lympani),  which,  togetht^r  with  nir  rontaiiied  in  the 
oiitb,  Is*  swallowed  and  «o  c{irrie<l  to  the  stamuch.  Voniitiii'^f  is  usimlly 
r«eedecl  by  a  series  of  iiiefleetuid  retehing  moveiiients,  which  arc  due  to 
Pto^odie  contractions  of  the  abdominal  muscles,  but  which  are  inefiective 
'dm  the  fact  tlmt  the  sphiticterie  muscle  of  the  a'Sf^jihag^iis  reiiuiiiis 
ontracted.  In  tgeeting  the  contents  of  tlie  stomach  into  the  gnllel, 
rhcn  vomiting  commences,  a  deep  inspiratory  movement  is  made,  and 
»y  this  means  the  diaphratim  is  dejiressed  and  by  its  contraction  forces 
►he  stomach  dow^n  intu  the  al>dt)niiii:d  cavity,  white  at  the  wanic  time  the 
le^ophagus  liecomen  partially  distended  with  air.  The  ^rlottis  is  then 
closed  ant!  the  abdominal  mnscles  again  Hpasmodk-ally  contract »  while  nt 
the  same  time  the  longitudinal  fibres  of  the  tesoplmgus  by  their  contrac- 
tion «erve  to  open  the  orifice  of  the  feBopliagns  into  the  stomach.  As 
long  as  the  diaphragm  remains  in  its  contraeled  position  and  the  glottis 
inclosed,  the  entire  force  of  the  contraction  of  the  abdominal  muscles 
ii<ex[M?^nde<J  on  the  abdondnal  contents,  and  as  aconsef|uencc  the  stonmeh 
infirmly  comijressed  between  the  abdominal  walls  luul  the  diaphnigm. 

The  longitudinal  muscular  fibres  of  the  tesophagus  radiate  from  the 
jrnllel  over  the  walls  of  the  stomaeli,  and  the  contractions  of  the  dia- 
phragm having  serveii  to  a  certain  extent  to  give  a  fixed  point  of 
»up|x>rt  to  the  oesophageal  ends  of  these  fibres,  their  contraction  under 
lhei*i^  circumstances  will  serve  to  pull  open  the  orifice  of  the  insertion  of 
the  pullet  into  the  stomach,  thus  overcoming  the  contraction  of  the 
carrliac  sphincter.  The  pressure  to  which  the  stomach  is  then  subjected 
hy  means  of  the  contraction  of  the  abdominal  muscles  forces  some  of 
•hfTon tents  of  the  stomach  into  the  gullet,  the  mouth  is  widely  ojjcned 
*'^'»d  the  neck  stretched  to  atiiird  as  straight  a  path  as  possible,  and 
^he  contents  of  the  stomaeli  are  forcil)ly  driven  through  the  cpso|>h- 
^us  and  ejected  from  the  month.  The  entrance  of  the  food  into  the 
**n'nx  is  prevented  by  the  closure  of  the  glottis  at  the  commencement 
^f  the  act,  and  toward  its  completion  by  a  forcible  expiration.  Ordi- 
'Warily  the  posterior  pillars  of  the  fauces  are  sufSciently  closely  approx- 
*niju*j4  to  prevent  the  entrance  of  the  ejected  matter  into  the  nasal 
^'haiiil>ers ;  but  when  the  vomiting  is  very  violent  their  contraction  is 
^vercf>me  and  the  matters  are  forced  into  the  nasal  chambers  and  escape 
")'  the  nostrils  as  wxdl  as  by  the  montli. 

Vomiting  thus  consists  of  two  distinct  operations^— the  active  dila- 
■ion  of  the  cardiac  opening  by  the  contraction  of  the  longitudinal 
Wi^  of  the  feaopliagus,  and  the  pressure  of  the  contracting  alniominal 
ttnscles  on  the  contents  of  the  stomach.  As  iong  as  the  cesophageal 
Dng  18  tightly  closed,  violent  contractions  of  the  abdominal  muscles  are 
entirely  ineffective  in  expelling  the  contents  of  the  stomach.  Without 
t^  coniraction  of  the  abdominal   muscles,  even   though  the  cardimc 
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sphincter  may  be  relaxeil,  the  staiiiach  cannot  entirely  empty  ii 
Tills  indicates  that  thi!  intrinsic  eun tractions  of  the  muHcular  walls  of 
the  «toinacli  are  oT  little  iniportniiee  in  ejeeting^  the  coiiteatj*  uf  tbt 
tttomach.  This  was  demonstrated  l^y  Majendie,  w^bo  showed  that  vom- 
Ittiit^  01  i gilt  take  place  in  an  aiiinml  I'roni  whom  the  stomach  had  fieen 
excised  and  a  bladder  Hidjstitnted  Ibr  it.  When  such  an  operutton  wi* 
performed  on  a  dog,  and  the  bladder  connected  with  the  fesophagr«»s  aufl 
small  intestine  inserted  in  the  alxlominal  canity  and  the  wound  tn  tbe 
abdominal  walls  cluscdj  injections  of  tartar  emetic  were  perfectly  capaljl<^ 
of  jirodacin^  vomiting,  thus  showing  that  the  contractions  of  the 
walls  of  tlie  stomach  arc  by  no  means  essential  to  the  act  of  vumitiug. 

Schitf,  however^  found  that  if  the  cardiac  sphincter  was  not  removed^ 
or  if  the  longitudinal  fibres  of  the  lower  extremities  of  the  a'sophagui 
were  dama^ani,  as  by  crushing,  this  experiment  of  Majendie  would  then 
be  inetlectual,  thus  showing  that,  while  the  eontractious  of  the  mu8ctilw 
walls  of  the  stamach  are  of  no  imi>orttyice  in  the  mechnnisui  of  vomiting, 
the  action  of  the  longituiltnal  (esophageal  fibres  in  overcoming  the  contrac- 
tion of  the  cardiac  sphincter  is  essentiah  This  contraction  of  the  laugi* 
tudimd  libres  always  precedes  by  a  few  seconds  the  act  of  vomiting,  ami 
may  be  recognissed  by  the  insertion  of  a  tiiiger  through  a  gastric  fistala. 
As  a  consequence  of  this  opening  of  the  sphincterie  muscle,  the  pressure 
within  the  stomach  falls,  as  maybe  recognized  by  the  connection  of  ^ 
luanometer  witli  the  interior  of  this  organ. 

In  the  normal  process  of  vomiting  the  contraction  of  these  libi 
is  en  a  tiled  to  open  the  resopluigeal  sphincter,  as  |>ointed  out  l>y  Fost 
through   the  support  which  descent  of  the   diaphragm  has  given  to  tb 
stomach :  consequently,  in   the  horse  the  iuiiiossibility  of  the  stomachi 
lieing  so  supported  by  the  diaphragm  will  largely  explain  tlie  difilculty 
of  vomiting  in  these  aninmls;  for  the  longer  the  portion  of  gullet  be- 
tween the  diaphragm  and  the  stomaeh,  the  greater  will  lie  the  etfect  of, 
the  radiating  fibres  in  i>ulling  down  the  cesophagus  and  the  lesn  ihei 
eapability  of  dilating  its  orifice. 

The  nervous  mechanism  which  governs  this  j process  of  vntniting  i* 
comjilicatetl,  and,  as  is  waU  known ^  it  is  a  rellex  action,  ami  the  nffcrenl 
impulses  which  excite  this  process  may  reaeli  tlie  vomiting  ci'ntrc  in  tbi 
nieiluila  oblongata  through  the  most  diverse  patiis.    The  vomitin  • 

lies  in  the  medulla  close  to  the  resfiiratory  eiirtre,  and  this  eoni»^ 
probably  partly  functional  as  well  as  anatoniieal,  since,  as  is  well  known, 
nausea  may  to  a  certain  extent  be  overcome  by  rapid  mn\  deep  re^pi 
tions.     Mechanical  stimulation  of  the  fauces,  irritation  of  the  stonmc 
obstruction  of  the  alimentary  canal,  may  all  serve  as  stimuli  which  I 
augurate  the  action  of  vonuting. 

Again,  vondtiug  may  take  place  by  direct  atimtdation  of  the  rellex 
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Centre  in  the  moiliilla  oblonjjjatu.  In  tiiis  way  oertfiln  enit'tics,  such  iia 
tartar  emetic,  probiiljly  act,  lV>r  thvy  nitiy  prucltiet'  vomiting  v\vu  wht^ri 
inJfL'lecI  into  the  blootl,  and  without  reiidHUg  tiie  stomach  at  all. 

Again,  vomit iiii;  uuiy  Ik?  [irorUicod  by  sensations  comiug  from  the 
central  nervous  system  hi*^licr  U[i  than  the  medulla  \  thus,olt'eusive  smells 
vr  histes  or  disturl»ed  cerebral  citvuhition,  as  in  sea-biekih\ss,  may  pro- 
iluce  vomitinn:.  The  efferent  pittli  of  ihii^  action  scenm  to  lie  luaiidy  in 
ty  piieiimogastric  nerve,  fur  when  thin  nerve  is  divided  the  cardiae 
sphincter  remains  tightly  closed,  and  vomiting  is  then  impossible.  *Sec- 
tion,  ikrefore,  of  these  nerves  will,  as  a  rule,  |>revent  vomitin<^.  The 
Hfereut  paths  of  the  nervous  impulses  passing  to  the  muscles  of  vomit- 
ing are,  of  course,  through  the  motor  nerves  supijlying  the  gullet,  the 
lurviix,  and  alxlominal  nuiscles. 

In  the  horse,  as  is  well  known,  vomiting  occurs  onl^'  under  \vvy  ex- 
ceptional eireumstances.  The  explanation  of  this  fact,  as  pointed  out  by 
Colin,  in  to  be  found  in  the  auatoraieal  relations  and  jjliysical  eonfonua- 
tionof  the  stomach. 

In  the  first  place,  in  the  horse  the  stomach  is  never  in  contact  with 
tk*  aTKiominal   muscles;  hence,  it  is  nut  readily  subjected   to  pressure 
when  the  ahdominal  mnscles  contract.    At^aiJi,  as  alreudy  mentioned,  the 
poniou  of  the  a^sophagus  between  the  diaphragm  and  the  stomach  is 
longer  than  in  eai*nivorous  animals,  and,  as  the  stomach  cannot  be  sup- 
ported hy  close  contact  with  the  diaphrngnij  the  longitudinal  fibres  are 
Unnble  to  overcome  the  permanent  cimtraetion  of  the  cardiac  sphincter, 
lu  carnivorous  animals  which  readily  vomit  the  Leso[>lmgeal  i>riJice 
*»atthe  left  extremity,  far  I'nun  the  pylorus.     An  anti|>erist!dtic  nclion 
tends  to  force  food  into  the  o|jening  tA'  the  (esophagus.     The  gidlet  has 
*lilata!»le   wnils   and   an   infundibular   insertion    into   the   stomach  and 
tiinrkecl   ravliating    fibres.     The   pylorus    is   narrow  and    nearly  always 
closeti,  while    the    stomach    is   large  and   directly   in  eontact   with   the 
^iittphragm  and  ahdominal  walls,  and  is  thus  in  the  best  possible  condition 
^^T  Wing  subjected  to  pressure  through  the  contraction  of  these  muscles, 
kile  the  opsophageal  fibres  are  supported  through  the  contractions  of 
tUiaphragm. 

In  the  horse,  on  the  other  hand,  or  the  hare  or  rabbit,  the  a*sophageat 
lire  is  ill  the  middle  of  the  lesser  curvature  of  the  stomach  and  ne:ir 
I  the   pylorus.     Its   orifice  is  always  closed   hy  a  powerful  sphincter 
cle.     It  passes  oblirpiely  through  the  walla  of  the  stomach,  and  is 
ther  obstructed  by  folds  of  mucous  membrane,  and  the  pylorus  is 
Je  and  nearly  always  patulous  (Fig.  144). 
Subjection  of  the  stomach  to  pressure  in  tlie  horse  will,  therefore, 
mo  re  ti  ght  1  y  e  k")  se  t  h  e  a?  so  i>l  i  ageal  o  r  i  1  i  ee ,  a  n  d  will  fo  ree  thee  on  ten  t  s 
of  the  stomach  into  the  small  intestine.    Occasionally,  howeverj  vomiting 
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has  Ijeen  noticed  to  take  plac^e  in  the  horse.  Under  such  circuB 
it  is  a  symptom  of  the  greatest  crnivity,  and  in  most  eases  it 
found  to  bt'  due  to  tlie  jnirtifd  rupture  of  the  walift  of  the  a^sophagus. 
Ruminants,  also,  hahitoally  do  not  vomit,  Imt  do  so  occasional 
When  the  structure  of  the  stomaeh  of  the  ruminant  jinimal  is  exaTniw 
all  the  conditions  would  at  tirst  a]jj>eai*  to  favor  vomiting.  The  gullet 
brsie,  dilatalile,  and  has  a  fiiuncl-shaped  opening  into  the  stomaeb;  t 
stomach  is  hir;ie,  is  in  direet  coutaet  with  the  ahdominal  walls  and  t 
diaphragm,  atul  tlje  pylorus  is  far  removed  from  the  cardiac  ori& 
Nevertheless,  vomiting,  even  when  intense  nausea  is  produced  by  emetk 
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«1,  Mctinn  'tf  th«  muxiiilar  fold;  P.  |»y1orxiN:  P||,  £jrlortc  c*Ttly  :  E.  (sadttnotioii  wfianitiiijc  p.Tli*«wp«»^ 


or  th«  bilti  fttid  innn'rvAtiu  dncli. 

will  liut  rarely  take  |>lace,  and  when  vomiting  docs  occur  iffl  M 
animals  it  is  the  eontent>i  of  the  rnuRMi  and  retieulum  alone  wMcti  I 
expelled^  while  true  vouiitiug  should  reipiire  the  escape  of  the  eootijfl 
of  the  fourth  stomach.  To  enable  tliis  to  take  place,  the  material  ftl 
the  fourth  storaaeh  would  have  to  pass  through  the  narrow  openings  ( 
all  the  three  preeeding  stoinaehs.  When  matters  are  ejecte^i  from  tt 
stomach  through  the  action  of  emetics  in  a  ruminant  animal,  if  it  I 
the  contents  of  the  rumen  alone  are  ejected,  and  these  may  be  ig| 
swallowed,  as  in  rumiiuition.  without  escaping  from  the  mouth. 
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Nearly  all  the  digestive  acts  so  far  considered  nre  purely  mechanical 
»ai]  solely  preparatory  to  digestion  in  tlic  sense  in  whieli  the  ternidige^- 
tioti  imphes  prodnction  of  etiange^  essential  to  absorption.  The  Ibod 
Wl^een  seized,  carrie<i  tu  the  month  and  appreciated  hy  the  sense  of 
tASle,  ma-sticMeil  and  impreginitcd  l»y  saliva,  swallowed,  iind  in  tl*e  ease 
ofTumiimnt  animals  ag^in  returned  to  the  month  for  further  preparatory 
change.  When  once,  however,  it  enters  the  stomach — nnd  it  must  he 
reinemk'red  that  in  the  strict  sense  of  the  word  tins  term  only  applies  to 
tlie fourth  stomach  of  rnniimints — it  is  sultjeeted  to  more  or  less  iiro- 

h  found  cliemicjil  and  physical  changes,  which  are  descTiLH.^d  as  res  id  ting 
ftoia  the  proeesscB  of  gastric  digestion  or  chymificatioiK  As  has  lieen 
nirearly  seen,  the  organ  in  whicli  these  dige&tive  changes  arc  injingnrntetl 
'« iiot  distinctly*  detined  in  tdl  Rpecies  of  animals,  its  lirst  appearance 
^ing  a  mere  swelling  of  the  alimentary  tuh€  withont  any  distinct  line  of 
*l«iD,irc!ition  at  either  extremity.  Snch  a  rudimentary  stomach  lii  found 
"J  nil  ftiiimals  lielow  the  snlikingdom  of  the  artienlutes.  In  the  inollusks 
*ii<l  urticnlates  its  separatifin  from  the  intestinal  tuhe  and  oesophagns 
'NH'omes  more  evident,  while  in  in;sects  the  stomachy  with  its  glimdidar 
'^I'lHiidfiges,  l>e comes  an  important  organ  of  digestion. 

In  the  (!sh  the  stomach  is  separated  from  the  intestine  by  a  narrow 

f^ylorlc  orifice,  but  still  lies  in  the  direction  of  tJie  longaxisof  the  body, 

^«is  also  the  case  in  many  reptiles,  though  in  the  higher  mendiers  of 

Bnis  fjiitiily  and   in  the  bird  it  acquires  a  considerable  degree  of  cora- 

^■kxity  and  tentls  now  to  occupy  a  position  at  riglit  angles  to  the  axis 

^V  llie  body.     The    highcf^t   degree   of  comi»lexity  of  the   stomach  is 

^Hntifi  in  the  ruminant  herhivora,  and   indiratc«  that  the  diversity  and 

^fttnftlexity  of   orgn nidation  of   the  gastric    jmrts  is  governed   by   the 

P^iilinr  alimentarv  habits  and  needs  of  the  ditlereut  species  of  animals^ 

Certain  genend  properties  and  characteristics  of  gaHtrie  digestion 

*l^e  common  to  all  the  higher  mammals,  while,  again,  certain  special  dis- 

^•iictive  points  are  found  in  the  nature  of  gastric  digestion  according  as 

*'ie  animals   are    cnrnivf»ra,    rnminfint    or    non-runnnant    herbivora,    or 

^tunivora.     These  gcncnd  characteristics  will  first  be  alludeil  to,  and  the 

iHarity  of  gastric  digestion  in  carnivora,  ruminants,  and  non-ruminant 

lirora  w^ill  subsequently  demnnd  attention. 

In  the  first  phiee,  we  most  consider  iIk-  mode  of  accnmulntion  of 

in  the  stomach,  the  ciianges  in  shape,  and  the  motions  thereby 

ajjurated  in  that  organ,     Tlien  we  must  study  tlie  secretions  poured 

It  tn  the  stomach  as  the  result  of  contact  of  food  with  its  walls,  their 

iposition  and  properties,  and  mode  of  separation   from   the  bbwd  ; 

the  changes  wdiich  the  food  undergoes  in  the  stomach  and  during  its 

23 
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gradual  pfissa^e  into  the  Rmall  intei^tine,  with  the  consideration  of  tht 
in  line  nee  of  the  nervous  system.  Tlicse  steps  in  the  process  of  dtges-l 
tion  often  heoonie  ehttracteristie  of  gastric  digestion  in  the  dilferejit  | 
domestic  animals. 

if  abstiiienee  has  continued  for  some  time^  the  stomach  will  hate  | 
emptied  itt^elf  of  its  contents  more  or  less  completely,  and  euntriietert  w 
as  to  obliterate  its  cavity  in  difterent  degrees  according  to  the  ditferaii 
species  of  ttie  animals.  In  tiie  dog  and  other  cnrnivora,  after  abstinemt 
h:is  continued  fur  twenty -four  or  forty-eight  hours,  the  stomach  will  k 
found  to  be  contracted  to  a  small  volume,  and  will  he  irregular  and  ovoid 
in  shape.  Its  mucous  membrane  will  l^e  thrown  up  into  folds  a«d  its 
cnvity  almost  obliterated,  wiiile  the  reaction  of  its  mucous  sec*retioii  will 
he  neutral,  or  even  alkaline.  In  omnivorous  anin»als,  such  as  the  pig, 
the  stomach  does  not  contract  so  completely,  nor  does  it  ever  become 
entirely  emidied.  but  will,  even  after  prolonged  abstinence,  lie  fomtd  to 
cojitain  a  bilious  U^juid  and  fettd  gases.  In  the  liorse,  atter  prolonged 
fasting,  the  distinction  l)etween  the  right  and  lelt  half  of  the  stomaeb  i 
1  becomes  more  marked*  The  right  half  of  the  stomach  behaves  in  tliesi 
respects  almost  like  the  stotnaf^h  of  t!je  carnivora  and  l^ecomes  hiirhh 
eoutractcd,  with  its  cavity  almost  obliterated.  The  left  [jortion  of  the 
stomach,  on  the  otlier  hand,  rerniiins  dilated  and  will  i»early  always  In 
found  to  contain  saliva  which  is  swallowed  <biring  abstinence.  Whcfti 
fiK)d  enters  the  stomach  al\er  prolonged  abstinence,  it  dihites  insensihl/| 
and  changes  its  positions  and  relations.  In  the  fasting  condition  tli 
pylorus  sinks,  and  the  stomach  temls  to  assume,  in  this  state  of  func 
tional  inactivity,  a  position  in  the  directirm  oftlie  long  axis  of  thebtMlyJ 
corresjK>ndiug  more  or  leas  with  what  is  its  normal  state  in  lower  gTfni|ii 
of  aninials,  in  whom  the  stomach  is  of  minor  im]iortance.  When  finwl ' 
accumulates  in  the  stomacli  the  pylorus  rises,  and  the  organ  now  occu- 
pies a  posititm  at  right  angles  to  the  axis  of  the  body,  while  it  rotate*  ouJ 
its  own  axis  so  as  to  cause  the  greater  curvature  of  the  8toma<»h,  which  ■ 
in  the  position  of  rest  is  directed  downwanl  and  to  the  left,  in  the  state  , 
of  repletion  of  the  organ  to  liecome  transverse  and  directed  anteriarlyS 
(or  downwHnl  in  quadrupeds),  ™ 

The  mode  of  accumulation  of  food  in  tlie  stomach  varies  nccorrhng 
to  the  character  of  the  mateWal  swallowed.  Soft  and  dirtbient  frKMis  an<l 
liipiids  will  ndx  at  once,  and  if  the  food  is  swallowed  in  voltirainons  ^ 
masses,  K9  in  the  carnivora,  or  dry  or  in  more  or  less  firm  IhiUiscs, 
in  the  herbivora  feeding  <u*  dry  fodder,  and  in  the  uon-ruminants»  tU«1 
first  portious  whieli  enter  the  emjity  stomrich  are  deposited  in  thecanb*.] 
Those  which  go  afterward  push  these  toward  the  greater  curvature  andj 
towiint  the  pylornsj  while  li<piids  and  softer  food  till  up  the  inter&tic 
between  them. 
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Tbe  capacity  of  tbe  stomacli  is^  of  course,  very  variable  in  different 

aiimiiils  in  proportion  to  their  size.     It  is  very  considerable  in  the  car- 

nivimi;  tb\i-5  tbe  clog's  stomach  may  contain  from  two  to  ten  litre*;  in 

the  bog  seven  to  eight  litres  will  represent  the  average  cajifiuit^  ;  wliile 

in  the  bors^e,  iu  proportion  to  its  size,  it  is  relatively  very  niueh  smaller, 

lh<*  ciipaeity    of  the  stomfit'h    of  the    horse    varying   from   sixteen  to 

rtghteeu  litres,  or  only  one-tenth  or  one-twelfth  of  that  ol'  the  intestines. 

In  the  ruminant  the  mean  cajiacity  is  stated  b}^  Colin  to   be  two 

hundred  and  ninety  litres*     It  must  be  remembered,  however/tliat  in  the 

klter  ease  the  stomach  of  the  ruminant  is  never  empty,  no  matter  what 

may  Ik?  the  dunition  of  abstinence.     Thus,  Colin  tbuiid  sixty-five  kilos 

'  dry  ftKKl  in  the  first  three  compartments  of  the   stomach  of  a  cow 

bicli  had  fasted  for  a  very  long  time;  in  another,  after  four  days* 

*ftlistinence,  furty-two  kilos  were  ffMinil,  while  in  a  third  sixty-six  kilos 

wer^  fountl  niter  a  fa::*t  of  two  days. 

In  the  horse,  as  tlie  stomach  fills  up  with  food,  the  constriction 
^ktween  the  right  and  lelt  halves  of  this  organ  disa|>pear8,  and  the  stom- 
cbtlieu  takes  the  shape  as  seen  when  distended  by  air  after  death.  In 
?  liorse*  no  matter  how  much  distended,  the  stomach  is  never  in  contact 
^vilhthe  inferior  alHlominul  walls,  but  is  always  separated  from  them  by 
theiafra-4*ternal  curvature  of  t lie  colon  and  a  portion  of  Ihc  gastro-^lia- 
fkkrKfinatic  curvature.  In  earniv<ira  the  stomach  is  in  contact  with  tl»e 
Inm liar  region  above,  and  with  the  alidominal  walls  in  the  epigastrium 
will  liy  poc l)o n d r i  u  m .  A  s  t  h e  s to m a c h  \yv eo ni e s  ex  pa ii d t^ I  with  food ,  t  he 
i-initac  and  the  p3  loric  sphineters  become  continue  ted,  and  the  alimen- 
tirv  matters  by  contact  provoke  contraction  of  the  muscular  walls  of 
tbi«  stomach ,  and  so  serve  to  mix  up  the  food. 

When  the  food  first  enters  the  stomach  these  movements  are  slight, 
but  they  gradually  l»ccomc  more  and  more  vigorous,  and  cause  a  sort  of 
dmniing  motion  in  the  stomach,  the  food  travelling  from  the  cardiac 
urifjee  along  the  greater  curvature  to  the  pylorus  and  returning  by  the 
k'n.^vr  curvature.     At  the  pylorus  the  circular  muscular  fibres  are  the 
seat  of  slow,  rhythmical  contractions,  which  serve  to  assist  in  the  pas- 
sage of  the  contents  of  the  stomach  into  the  small  intestine.     While 
these  movements  seem  to  he  started  by  the  contact  of  the  food  with  the 
mucous  membrane  of  the  stomach,  it  is  evidently  not  a  mere  mechanical 
limulation  which  produces  them,  since, when  the  stomach  is  fullest,  and 
ben,  therefore,  this  mechanical  stimulation  must  be  at  its  lieigiit,  the 
movements  are  the  slightest,  and  liecome  more  vigorous  as  the  stomach 
Apties  itself.     Apparently  these  contrsictions  are  started  up  hy  the 
imenclng  acidity   of   the  gastric  contents,  which,  at  first  alkaline, 
oroe  gradually  more  and  more  acid  as  digestion  progresses,  coinciding 
the  increase  in  vigor  of  the  muscular  movements  of  the  w^alls  of 
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the  stoniiich.  Tl»c  muscular  movements  of  the  storatich  are  not  so  irp^ 
larly  [UTiKtaltic  as  in  the  intestines,  on  account  of  tlie  want  of  sjmmetiy 
of  tbe  iliri't;tiimof  tlie  niiiseulur  fibres. 

The  nervous  nieehanism  of  tlie  gastric  movementB  has  not  been 
thoroughly  cleared  up.    Numerous  nervous  gany:lia  have  t>een  found  in  the 
walU  of  the  stomueh^  and  this  fautj  iu  aLklition  to  the  observation  which 
has  often  been  made^  that  these  movements  may  occur  in  a  stfimnch  whifli 
has  been  separated  from  the  central  nervous  system,  wouKl  indicate  that 
tlie  ganglia  start  up  these  movements  in  thi^  organ.    Nevertheless,  this 
movements  of  the  stomauli  are  dependent  on  autl  governed  by  theceiitml 
nervous  symptom,  since  the  moveujents  of  the  stomach  may  be  imluoecj 
by  stimulation  of  tlie  peripheral  ends  of  the  pneumogastric  nerves  when 
the  stomach  is  full     That  the  movements  of  the  stomach  are  not*  hut- 
ever,  solely  dependent  on  iin[)ulses  coming  through  the  pneumog^iatric^is 
proved  by  their  occurrence  after  these  nerves  have  been  divideti,    Stiaiii- 
lation  of  the  sympathetic  and  ca4iac  plexus  is  said  to  evoke  contmetioii* 
of  the  gastric  walls,  probably  through  changes  iu  the  lilood  supply  of  tlie 
stomach.     The  vagus  nerve  is  without  doubt  the  principal  path  througb 
which   the  movements  of  the  stomach  are  controlled  hy  the  cenlnil 
nervous  system. 

The  contractions  of  the  muscnUr  walla  of  the  stomach  not  oiih 
serve  to  mix  the  food  Cdntiiincd  in  this  organ,  fmt  also  to  bring  all  tllc 
contents  of  the  Btomucli  in  contact  with  the  sci-reting  portion  of  It* 
walls.  This  is  especially  important  in  such  animals  as  the  borse^whcrt 
only  one-half  the  organ  is  thu*3  active. 

The  feso[)lmgcal  sphincter  is  always  tiglitly  closed,  esiieciall)" '» 
horses,  where  it  is  very  firmly  constricted,  and  so  prevents  tl»e  relumof 
the  food  to  the  mouth,  even  when  the  stomach  is  strongly  comitWJ^wJ" 
The  pyloric  siihincter  is  not  so  powerful  and  its  contractions  are  not  po 
promiiK'iit,  but  are,  nevertheless,  well  marked  in  the  carnivom*  the  pi|i 
and  the  ruminant. 

In  soli  pedes  the  contraction  of  the  pylorus  is  only  faintly  mafk«<l» 
and,  as  a  conscfpicncej  the  ojieni ng  of  the  stomach  into  the  inte*»tim'*  i* 
these  animals,  for  reasons  which  will  lie  given  directly,  is  nearly  ^\^'^}* 
patulous.  Oser  has  found  that  stimulation  of  the  pneuraogaslrie  ucf*'** 
in  the  neek  leads  to  an  immedUite  contniction  of  the  pylorus,  the  intcii^itT 
and  durjition  of  the  contraction  depending  on  the  degree  of  stimulation 
Stimulution  of  the  thoracic  portion  of  the  symimthetie  nen'c  arrest*  th* 
spontaneous  contractions  of  the  pylorus,  the  influence  of  this  stitntiMioJi 
being  progressive,  attaining  its  maximum  in  one  or  two  minutes  aiwl 
then  slowly  declining.  After  the  conclusion  of  the  stimulation  th* 
spontaneous  contractions,  which  exist  even  after  section  of  the  v.ngi  9^ 
splanchnic  nerves,  at  first  are  feeble,  and  attain  their  noruial  degree  in 
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about  three  minutes.  The  iiihilntory  action  of  the  splanchnies  in  the 
thomx  is  less  raarketl  thnn  the  motor  action  of  the  vagi;  the  inhibitory 
power  of  the  lett  sjiianclmic  is  greater  thnn  that  of  the  right 

It  thus  would  appear  that  the  circnhir  musenlar  fibres  of  the  pyloric 
ritjjrare  innervated  by  two  antagonistic  sets  of  nerves,  the  vagus  being 
the  motor  nerve  and  the  splanchnic  tlie  inhibitory  nerve. 

When  the  Ibod  is  received  in  the  stomach  it  is  gradually  dissolved, 
ami  we  have,  therefore^  to  study  the  several  processes  which  are  e«vncerned 
in  this  action.  The  general  outline  of  the  ehnraeters  of  that  change  will 
first  be  given,  then  the  pro|>ertie8  of  the  secretion  to  wlioso  action  it  is 
cfne,  the  action  of  this  secretion  on  the  various  fuod-stntfs»  the  nature  of 
Itie  rt*s«lting  products^  the  conditions  essential  to  gastric  digestion,  and, 
limllyt  the  mode  in  which  the  gai*tric  juice  is  secreted. 

The  study  of  gastric  digestion  is  especially  a  study  of  chemical 
changes  It  was  seen  that  in  the  Tut>ulh  tlie  food  was  not  only  subjected 
to  the  chemical  changes  produced  by  the  saliva,  hut  that  throngli 
roechaiiical  changes  resulting  from  mastication  and  the  close  mixing  of 
the  food  with  the  saliva  tlie  niaterials  destined  to  nourish  the  body  were 
Wouglit  into  the  most  favorable  conditions  for  subjection  to  the  various 
solvent  juices  of  the  economy.  The  first  and  tlic  most  important  o(  these 
with  which  the  food  conies  in  contact  in  its  onw*ard  passage  through  the 
ulimentjiry  canal  is  t!ie  gastric  juice.  In  the  expenments  made  on  the 
wliva  the  precedent  was  established  of  i>crrorniing  acts  of  digestion,  or 
At  least  ticts  introductory  to  digestion,  outside  the  body,  the  natural 
c-oii(Iilicms  l>eiug  preserved  ns  far  as  possible.  In  the  study  of  gastric 
'liLjestton  it  will  be  found  that  this  step  is  not  unwaiTante<l.  All  the 
pbenomena  of  gastric  digestion  may  be  as  completely  and  conveniently 
studied  in  an  artificial  stomach  as  in  the  Hving  organ,  a  fact  demonstrative 
of  the  eiisentially  chemical  nature  of  the  process. 

Xot  only  may  such  experiments  be  conducted  outside  of  the  body, 
but  they  may  even  be  performed  with  artificial  gastric  juice. 

Such  a  fluid,  or  artificiid  ptstric  jnice,  of  ron5<HleniWe  pnrily  miiy  In*  obtmned 
bjmineiag  the  muoovis  niernbnine  of  the  HtMmiich  of  uhiiust  any  iiuinisd.  dryiiie 
lie  fmjjinents  between  layers  of  fllter-fmpcn  wnd  iilb)wm<f  I  beta  b>  remsna  for 
ttrcDty-foijf  bours  under  absolute  abobol.  Tbey  are  then  removed  f'rcim  the 
flicnbol  and  covered  with  Rtrons?  gly*^"erin.  In  a  tew  days  the  tziycerin  ^vill 
heeome  sironirly  impre*rnatrnl  with  p*rpsin,  llie  fenneiU  of  the  pistric  jniee,  and 
tmf  he  preserved  for  alnio&t  any  lent^tb  of  time  The  addition  of  a  few  drops  of 
tliiS  glycerin  extract  lo  one  bwodred  cubic  cenlimelens  of  bydrocblorlc  acid  of 
.02  per  cent:  will  produce  a  fiuid  of  bigh  digestive  power,  and  one  wiiicb  is  quite 
pcnniinenv. 

An  artffleJal  ptstric  Juice  may  also  be  obtained  by  rubbmg  up  the  minced 
mncou&  membrane  of  tbe  stonmcb,  from  wbicli  the  niueus  bus  been  removed  bv 
gentle  scraping,  in  a.  mortar  with  v\viin  Band  or  powdered  glass  and  water.  It 
should  then  Mand  for  some  hours,  beintr  occasioaady  stirred,  and  finally  flllercd. 
The  fiUrate  will  eontahi  pepsin  and  a  Rniall  amount  of  pt-ptones.  Addc<l  to  an 
equal  1«ulk  of  .03  per  cent,  of  liydroebloric  acid,  it  will  form  a  powerful  digestive 
lluid,  whieli  may  be  kepi  for  a  long  time,  not  even  losing  its  ijowcrs  when  mouldy. 
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1.  Chemistry  of  tue  Gabtiitc  Jutci:, — That  the  gastric  juice  mar  be 

olttiiimnl  })iire  for  annlysis  n.  fistulous  o[>eniiiti^  lias  to  be  mmle  into  the 
stoTiific'li,  since  the  various  othi^r  iiiiL'thods  etuiiloyed  by  Reaumur  and 
Spahinzaniy  of  allowing  animals  to  eiwullow  «i>onges  aud  then  withdrawinj 
them  aucl  obtainiiijj;  the  fluid  hy  pressure,  will  nc»t  succeed  in  yielding, 
ji  pure  irastrie  secretion^  as  it  will  evidently  l>e  eontanjinatc^l  with  Ihd 
fluids  of  the  mouth,  [pharynx,  and  oesophagus, 

Tlie  method  of  performance   of   fraslric   fistula   originated   in  tbe 
account  of  the  eelebrated  case,  reported  by  Br,  Beaumont,  of  the  Cana- 
dian trapiwr,  Alexis  St.  Martin,  in  whom  an  accidental  gunshot  wounU  J 
of  the  abdominal  walls  left  a  fistulous  tnict  cominuiucating  with  tk   ■ 
cavity  of  the  stomach.     It  waa  through  the  data  obtained  by  Beaumont 
fnnn  a  study  of  tliis  case  tluit  tlie  first  facts  as  regards  the  chemistry  mid 
physiology  of  gastric  digestion  were  obtained.     Led  by  an  account  of 
this  case,  the  production  of  a  similar  fistulous  opening  commuiiict»tm^ 
with  the  gastric  cavit)*  on  animals  was  first  shown  to  \n*  pnictieal'le  k 
Blondlot^  and  after  him  l>y  Bernard.    Blondlot^s  method  was  to  ujnkein 
incision  seven  or  eight  centimeters  long  in  the  linea  alba,  commencing »i 
the  xyijlioid  cartilage.     The  walls  of  the  stomach  w^ere  stitclie<!  to  ik 
woun<i,  and,  after  adhesion  had  taken  jilace  between  the  peritoneal  cover- 
ing of  the  stomach  and  the  alitloniinal  walh,  an  oi}ening  was  niadeiclo 
the  cavity  of  the  foi'mer,  in  which  a  tube  was  inserted, 

Bernard  has,  however,  shown  tliat  it  is  not  necessary  to  allow  the 
stomach  to  become  adlierent  to  the  al>dominal  walls  before  oi>euin^  >t 
and  the  methoil  which  he  recommended  is  one  which  is  now  geueTalh 
adopted. 

In  niaking  a  gaafHe  fistula,  an  nnimal  must,  of  course,  be  selected  la  whidiil'' 
gtoitiaeli  is  lur«je  iiad  lies  close  to  tlie  idMloniiiuil  walls.     The  horso  is  t!   '  '  " 
inHppropmie   Ihr  sncli   experimenis,   hIuvv  in   the  horse  Ihe  SHtomnch 
deeply  Hualed,  aad  not,  in  contact   wiih  ihe  ahdimiinal  parieles.     On  Ji- 
Imnil,  rjihliits  raimni  \m  cnii>hiycd,  sinfp  their  stomachs  are  nev».»r  rmptr;*"* 
eals  are  very  liable  to  die  of  iH^ntonitii^,  to  say  nothing  of  the  difficullv  iii  1^*"^ 
sabscnineal  munsiireinent.    In  soni&binls  with  a  umticular  stomach,  as.  for 
in  the  cTt>w,  gastric  fisiulse  may  hu  very  KaiiMtHrtonly  made.     The  Jiniu 
cvtir,  which  is,  on  all  acconats/most  suitable  is  the  dosf,     Dosrs  art'  eu- 
agedp  secrele  pure  gastric  juice  in  abundant  quantity,  and  are  not  very 
Iieritonitis. 

In  order  to  perform  the  operation  of  makini?  a  pnstnc  flstula  on  a  do?.  I** 
aniniul  is  well  fed,  so  as  to  distend  thcj  stomach,  or.  after  fasting  iweii'^  '"i^^""^ 
lliL*  Blomarh  may  ha  ilisteaded  liy  aa  iajeclion  of  air  tliroui^h  the  n 
is  then  fhloroformed  and  sctnridy  rasimed.  The  first  step  is  to  -t 
froai  lliL"  alKlominal  widls  in  thm*  epiijastric  rejiion,  and  lo  remove  nil  lUe  ^i^- 
earcfiilly  with  a  spootri-,  so  as  to  prevent  their  eiUrrin^  the  ahdoniinnl  cn^itf^  ^^ 
ineisam  is  then  nnide  throu^ri,  the  skin,  coinmencinit  at  the  lower  '  ^"% 

costal  cartihiires  and  uhout  an   inch  and  a  half  tti  the   k'f^  of  the  Hi 
extendins:  downward  panillei  to  this  line  fur  a  distance  a  liitlf 
diameter  of  llic  flaa<;e  of  tlic  cannula  whicrh   it  is  drsirt'd  to  use,     I 
layer  is  then  to  be  divided  in  a  direciioa  psvrallcl  to  its  fibres,  evcrj'^  !  -      - 
being  lied  ladorti  the  peritoneum  ia  opened,  so  as  lo  prevent  the  uainiaccuf^ 
into  thift  cavity. 
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Wb<?n  It  is  certain  that  all  iIjo  bleeding  has  stopped,  the  peHtoncum  is  to  be 
opened  m*on  a  director.     On  sirtncliing  opvn  the  wound  the  distended  stomach 
tf>mi'$  Into  view,  il5  oblique  muscubir  stnictyre  being  plainly  visible  through  its 
ieitius  ccivering:.     The  gastric  wall  slitmld  I  lien  be  seized  with  a  pair  of  artery 
I  forceps  at  a  point  where  there  are  nut  man  3*  vessels  and  drawn  tor  ward.     Two 
I «roD,i^  %ilk  threads  are  then  passed  into  tlie  walls  of  the  s1(*inaeli  with  a  eurA'ed 
(luwlie,  at  distiinees  tnjm  each  otht-r  about  equal  10  the  diameter  of  the  tube  of 
[  liie  cannula,  and  brought  out  again  at  u  similar  distaju-e  from  the  points  where 
*  lljfj  ^vTv  introdueed.     An  incision  is  tbrn  made  into  the  gastric  walls,  between 
Ihe'lwij  llir»*ads,  mthtT  shorter  than  the  diamuitT  i>f  the  tube  of  tlie  cannula.     Ini- 
nteilitttely  ^nue  bubbles  of  gas  esrape  and    some  of  tire   fluid    contt^nts  of  I  be 
MomAch'w^liich  must  bt*  sponged  oiW     The  opening  into  the  sitinmeb  is  now  to 
bf  stretched  with  a  pair  of  blunt  Imoks  nniil  it  Is  large  enough  to  pass  the  inner 
fliinge  of  the  cannula,  wliioli  is  to  be  tben  introduced 
nod  pushed  into  the  stomach    up  to  its  outer  phite. 
The  form  t»f  the  CJinnula  iLsmilly  employed  is  repre- 
senied  in  Fig-  145  ;  it  consists  of  two  tulWs,  facli  tcr- 
tuinaiing  at  one  end  in  a  circular  plute,  the  I  wo  lubes 
hfiflg  eui  with  A  Acn-w  thrifud.  on  Ibe  o\iiside  of  one 
uml  the  interior  of  Ibe  other,  so  Itml  the  distance  be- 
tween  the   two    plates,    when   the   tubes   are   joined 
rogf'ther,  may  be  altered  at  will.     Alter  the  insertion 
uf  llie  cannula   the  stomach  is   fastened  to  it  by  the 
llirtjiils  which  were  previously  inserted,   and  tbe  ends 
of  t!i*»se  threads  passed  tbrougli  the  abdominal   wjills 
in  ftich  n  way  as  to  fasten  the  sloniaeb  to  them,  and 
M  tittf  same  time  when  tied  together  keep  tbe  edges 
of  llie  wound   in  the  :duh»minHl  wjills    in  !i|ipnsitii»n. 
Thi'  Piittires  need  not  be   carried  tliroiigb  the  ]ieri(o- 
Deum,  and  no  additional  means  of  dosing  the  wound 
if  ijccrssHry.      After   the  animal  tias  recf>vered   from 
the  ana-si helfc,  the  cjinnnla  must  be  lell  uncorked  for 
»t  least  half  an  bt»ur  al\er  tbe  operation,  for  the  dog  is 
almost  certain  lo  vomil,  juid  were  the  cannula  ntit  «*pen 
tin  writcnt?'  of  the  stomach  would  be  sipt  to  he  forced 
past  the  side  of  the  cannula  into  ihe  abdominal  cavity, 
ttitd  cause  Itie  deulti  of  rhe  Eufmah 

Afler  the   ope  nil  Ion   the  animal  must  be  fed  on 

Dillk  tor  two  or  three  days  and  kept  in  a  warm  pbice, 

y^htn  recuvering  trom  the  anaesthetic  the  animal  will 

bf*  very  likely  lo  make  attempts  10  letimut  fbecunniibi 

with  his  teeth,  a  result  wbith  would  be  iipt  lu  lie  fatul 

to  the   dog.      The   only    way    tbrs   arcideiit    may    he 

^iianled  atrainst  is  by  "careful   watching.     It  wifl  no! 

(lo  to  nmst/ie  him  and  leave  him,  for  if  he  then  shoukl 

vomit  be  would   choke  to  dtNitli.     After  tbe  first  day 

the  wound  tw/eomes  so  tender  that  no  further  attempt  a 

it  tearing  out  tbe  cannubi  nre  usually  made.     On  the 

^rond  or  third  day  after  the  opcnuion  the  margin  of 

the   wound   becomes   much  swollen,    and    it   is   then 

necessary  In  lengthen  the  tulje  of  the  cannula  «io  as  lo  avoid  ulcemtion  of  the 
ikin  f'O  II  pressure  of  tbe  external  t^unge.  By  this  time  adliesions  have  been 
established  between  tlie  edges  of  tbe  wound  in  (lie  stomach  and  tbe  abdominal 
iTJillp.  and  the  wound  in  the  bitter  having  healed,  with  the  exeeption  of  the  space 
iK-ruptcd  tiy  the  tube  of  the  cannula,  the  cavity  of  the  sU>nvtuh  eommuniciues 
witli  the  exterior  by  means  of  a  more  or  less  elongated  fistulous  tract  (Figs.  J 46 
anrl  147).     The  cannula  may  be  closed  by  a  cork  or  it  may  be  fastened  with  a 

If  everything  goes  well,  the  dog  will  be  ready  for  experiments  in  aliont  a 
veek. 

In  niminant  animals  fistulous  openings  ma3'  he  made  into  anyone  of  the  four 
ftoniacbs  or  gastric  compart  men  Is,  although,  of  course,  an  opening  into  the  fourth 
•tomach  is  the  only  one  through  which  gastric  juice  may  he  coHected.     The 


FlO,    145.  —  CANXrLA     FOR 
ttAf*flUC       FiSTCl..!;, 

{Bcrntsrfi,} 

A  D.  HM-tHiit  r>f  the  ranitittft;^  r, 
iknite  or  th*  mDniilA,  C,  »mji#4.-tj><fi| 
OD  lti4B  ititsrtor  fir  tnl<  whicih  ftt  la 
k«r,  D.  tM  MA  lir  ItBtiKtlirti  ut  *hurt«a 


344 


PHYSIOLOGY   OF   THE  DOMESTIC   ANIM.iLS. 


method  of  opnrjxtion  is  the  same  as  that  employed  in  the  dog.  In  recent  tfinei 
R[ierial  irastric  tistulrtJ  Imvc  iM^en  pedbrrned  Ijy  Klcniensiewicz,  who  excised  in  the 
Ihin^  doir  tij<'  pyloric  jiortion  of  the  stomach,  and  utYerward  stitched  tog-ctliertlie 
diiodt^iium  aud  the  remaiuinu:  partof  IheslomacU,  thus  eaiablishing  the  coniinmtjf 
of  the  hater  organ.     The  excised  part,  with  its  vessels  intACt,  wad  stitched  to  tlie 


m^ 


mm 


Fra.  H6.^^  A  STRICT  Fistft.a.  Laid  Opkw,    {Ttemnrd.'i 

«  m*  mif  m'",  «Wtloti  uf  tlto  LUlftmkn&l  wi^lU;  •,  f«*ctiun  nf  th»i  wntls  tjf  the  *to«nju:ll;  <.  bJdi  of  tin  W 
iu«il3,bni&««  £;  i\  Diuitiioittl  tjaiue  At  the  ni-lfic«  u(  eii«  HoUtUk. 

nhdominal  wall  after  closinjjf  its  lower  end  by  sntnres,  Heidenhatn,  hTempbTiiiR 
the  iintiseptie  method,  was  able  to  pre'scrve  three  do^s.  out  of  seven  thn!io[»enit*^ 
im.  He  also  suceeeded  In  isolatiiii!  in  the  aanie  rnnnner  the  canliac  extremitTrf 
(he  stoniarh  by  meansof  this  opeiiilioii  ;  therefore,  it  is  rendered  jxjssible  loobwli 
pure  gastric  secretion  Iroui  eitht^r  the  pyloric  or  the  cjirdfac  extremity  of  thif 

orj2:nn»  and  the  elmnici4^r5«ftl»* 
secretions  from  tliese  iwrti  >W 
rendered  access i hie  for  finely 

In  order  to  coIleH  w^tric 
juice  for  analysis  the  do?  nm-*^ 
be  allowed  to  fa*^t  for  al  W 
Iwenty-rour  hours,  m  is  '^ 
empty  the  stomach*  *n*J  ^^ 
seereiion  of  pi«lric  juice  iw»J 
be  stimulated  by  tickling  ilij 
inner  surface  of  the  £toiJi»» 
with  i\  feiUber  tied  to  »  ?!**' 
rod.  The  L^aslrir  juice  wilHli'^^ 
How  nloni:  the  ^lass  rinl  aut«i 
I  hi"  ^loiuach,  and  may  b«  <*' 
leeted  in  a  frht^s  l>e>ikfr. 

Bernard's  method  of  sliai' 
ulatlnic  the  flow  of  ttt»tJ"icJni<« 
wj*5  to  give  a  doc:  which  1**'' 
been  fiistlnjj  for  some  tlm*'  > 
heitrty  meal  of  t1  -  ''  ' 
hotled  tripe,  which  i 
nonnal  stimulus  to  tl.,  , 
glands,  and.  being  almos".  ywi^' 
gestible.  does  not  contaminntft  the  gastric  juic^  to  any  jxreat  extent,  and  '\s  il*c^ 
tore  in  some  respects  prefemhle  to  meeliunical  stimulalion. 

That  the  irastric  juice  may  1ie  obtained  perfectly  pure,  the  eaUviiryottW 
should  he  tied,  otherwise  the  fluid  oblained  from  tlie  slointtch  will  b<?  mom  or  "* 
ojiJ^ed  with  the  saliva. 


Fio.  HT,— f?AftTRTc  Fistula 

£,  ftiotnAcli 


(BrmftrA.) 
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_^^  trie  jatee  may  also  be  olitaini'd  fmiii  man  either  by  wlthdrawinij:  the  con- 
ftuTrtf  ilie  e<toiimch  by  meiini^  *>!  the  stomnch-pump.  or  li  may  be  ohtrtiiiL'cl,  as 
'  I'll  dt»oe  in  Severn  I  instancest.  through  a  fisttiihius  ofH'ntni?  made  into  the 
U.  eilher  necideatally,  tt»  in  the  ca»eof  St.  Martin,  or»  as  in  the  ca&e  studied 
itrt.  m  which  the  operation  ot'  gastrotomy  was  i>erforiiied  by  Verneuil  lor 
Lvabtt  siricture  of  the  a»iJOphagus. 

Gastric  juice  collected  from  a  gastric  fistula  is  a  thin,  limpid,  altnost 

olorle^'^  liquid  of  strongly  acid  reaction  and  of  a  specific  {jravity  of 

out  1010,     It  has  a  peculiar  odor  which  is  trcucrally  chamcteristie  of 

*  animal  from  which  it  is  obtained.     The  ti Iti'red  gastric  juice  of  the 

liog contains  from   1.05  to   1.48  per  cent,  solids;  of  the  horse,  1.72  per 

lient,  aad  of  man,  1/27  per  i-ent    It  rotates  tJic  plane  of  polarized  light 

Itotiic  lert,  and  it  is  not  rendered  turbid  by  boiling,  and  resists  ptitrefac- 

on  r(>r  a  h*ng  time»     The  quantity  of  gastric  juice  seereted  in  twenty- 

Ifcnr  hours  is  only  with  dilficulty  determined,  and  the  great  discrepancy 

Ithieh  esLJsts  between  the  various  estimates*  which  hftve  been  ph^ced  on 

[tlii?  nnionnt  shows  tliat  it  must  vary  very  widely  under  ditfereut  con- 

[ditions,     Thtis,   Beaumont    estimated    lliat    one    huinlred   luul   eighty 

Ifraiajaes  of  i^astric  juice  were  secreted  daily;  Giiinewald,  from  studies 

(Iron  a  similar  case  of  gastric  fistula,  concluded  th^t  26,4  [ler  cent, 

lof  tbelM>dy  weight  represented  the  amount  of  gastric  juice  daily  poureil 

Ht;  while  Bidder  and  Schmidt,  from  operations  made  on  dogs,  esti- 

■inat«l  that   the  daily  secretion  of  gastric  juice  correspoiuled  to  about 

otit^teath  of  the  body  weight. 

The  gastric  juice  of  a  dog,  even  after  having  fasted  for  a  long  time, 

I      nn  never  l>e  collected   perfectly   pure   from  a  gastric  tistula,  since  it 

1      alwayg  i^  contominated  and  mixed  with  remnants  of  undigested   food, 

Hand,  and  liairs  from  the  edge.H  of  the  wound,  etc.     Fn  the  sheep  it  is 

eren  more  ditlkult  to  olitain  perfectly  pure  gastric  jnice,  si  nee  Bidder 

And  Schmidt  have  found  that  even  alter  tliirty-six  hour^  particles  of  food 

L^Rifre  still  contained  in  the  fourth  stomach.     When  filtered,  gastric  jtnce 

^%  always  clear  and  limpid,  almost  colorless,  or- yellowish  in  the  dog, 

brownish  in  the  sheep.     Gastric  juice  resists  putrefactive  changes  to  a 

remarkable  degree,  and   may  be  kejil    tor   an  almost  in<lefiuite   period 

iritbout  undergoing  change. 

Acids  and  heating  produce  no  precipitation  in  gastric  juice,  as  is 
also  the  case  with  lime,  chloride  of  iron,  snlpbate  of  eojiper,  and  ferro- 
cyanide  of  potassium;  alkalies,  on  the  other  hand,  produce  preeipitation, 
which  consists  of  calcium  phosphate  with  iron  and  magnesium  phosplmte 
and  some  organic  matter.  Corrosive  sublimate  always  produces  a  pre- 
eipitate,  which  consists  mainly  of  the  digestive  ferments.  Alcohol  and 
acetate  of  lead  give  an  abundant  precipitate,  which  consists  mainly  of 
the  ferment. 

The  gastric  juice  is  poor  in  solids,  containing  not  more  than  two  per 
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cent.  The  usual  suits  found  in  animal  fluids  are  also  here  present 
eblonde>?  of  sodium^  |>otassi«m,  calcium,  uud  amiuouium  being  in  exec 
FhnsjiliMtic  earLlis  with  some  iron  occupy  the  next  place,  while  tli#| 
snl[)lintes  are  eitijer  alisent  or  present  noly  in  niinute  traces,  Thecon^f 
stitnents,  therefore,  of  the  {gastric  juice  consist,  in  the  lir^t  place,  of  t«ar| 
soluhle  ferments,  pepsin  and  the  milk-curdliug  ferment,  which  represenll 
the  organic  coitstituentH  of  the  gastric  secretion;  second,  a  free  *cid,  ] 
which  is,  in  all  probahility,  hydrochloric;  and, third, the  minerai  salU. 

(a)  Pef^in, — Pepsin  belongs  to  the  category  of  soluble  fermenti^j 
As  3'et  it  has  been  impossible  to  obtain  it  in  a  state  of  abisolul^?  purity. 

The  prorotbire  which  f!:\ves  the  hest  res^ults  ifl  tliat  of  Brilcke.     The  mucoui 
menihrniie  of  the  stomnch  in  dij^estccl  at  4iP  V.  with  tlihne  hvuntchhiric  acid.    Il 
is  then    neutniliyA^d  wiih  lime,  which    is  thus   prcc.ipitiitcMi,   siuil    ciirrics  down 
liiechanlcally  with  il  llie  ferment,  pc|isia.    Tliis  pructniUite  is  washrtl  nrnl  ilis^otved 
ill  rlihile  hyflmchhiric  ucitl,  Jiad  to  this  is  mlded  a  Bolution  »)!'  I'hiilfSterin  in  fiMir  ! 
purls*  ofalcfiljctl  j\u(l  onr;  imrt  of  ether.     TIjc  choh'Hieriii  throwt*  the  pepitiii  out  of 
soliUioa-     It   is  then  wanlied  witli   wtvter  ivtnl  wiiti  L'thcr.     Tlie  eUicneal  layer  if  i 
jioured  off,  nad  pei>sin  remains  in  waTerj"  sokuiun,  fmm  wliirli  it  may  he  obt.di0ed  i 
liy  evuporalion.     Von  Wittieh  trciits  Nie  mucous  mendirame  vvtili  irlycerin.  ftlkt 
lisrving  ullciwed  it  to  remain  for  tweniy-foiir  liours  m  rUcolnd,  hi»  ah  Ut  precipitate  * 
rlic  proleiils  m  the  tinsue  of  the  stomach,  und  at   the  end  of  a  wetk  or  two  ibe 
glycerin  is  tilieretl  otf.  tint!  pepsin  may  be  obtaintd  l)y  precii»iiaiin.t  the  j^lyeeriji 
Boliition  of  pepsin  with  absolute  alcolioL 

Obtatncd  by  cither  of  these  processes,  pepsin  is  a  yellnwish  powder, 
which  is  soluble  in  water  and  glycerin  and  insoluble  in  ulcohoL     Wlaiti 
precipitated  by  alcohol  from  its  nqueous  or  glycerin  solutions  it  docf  I 
not  lune  hs  solubility  in  witter,  thus  diirenni;  from  the  pn^teids;  it  i« 
not  ditrnHible,     When  dried   it   nuiy  be  warmed  up  to   llll-  C  without 
losing  its  activity.     Whih)  in  sulutiuu  it  lany  be  tnineformcil  into  a  snl*- 
stnnco  which  is  le*^s  active,  nii<l   which  haw  Wen  tcrnu^d   isopepsin  by] 
Fiuekler.     At  80'-^  it  becomes  entirely  inactive,     reiisiii  is  also  solaiikj 
in  diUite  acids.     If  puie,  pepsin  should  not  give  proteid  rcactiona.     Ill 
should   yield    no  preci(>itute  with    nitric   acicl,  tannic   acid,   i«idine,  ofi 
Jiiereurie  cliloride.     It  is   precipitated  from  its  solutions  by  acetate  of] 
lead  attcl  phitinimi  chloride. 

The   proportion  of  |K^psin  in   the  gastric  juice  varies  at  dilferent^ 
periods  of  di^^estion.     At  the  coinnjcncement  of  digestion  it   ia  [»reiieut 
in  the  sTniillest  amount,  and  acquires  its  maximum  between  the  fciurthj 
and  liftli  hours  of  digestion.     In  man  it  is  said  to  be  preserjt  in  amount 
varying  from  0.41  to  1.17  per  cent. 

Without  the  atbbtion  of  dilute  acid  pepsin  manifests  no  ppceifi^ 
action,  and  the  characteristic  test  of  the  presence  of  this  ferment  ri 
known  as  the  pepsin  test  with  fibrin.  If  a  little  fibrin,  obtained  bjp 
whipping  the  blood  as  it  flows  from  a  divided  vessel,  is  washed  iititU 
perfectly  white  and  placed  iti  a  test-tube  with  a  little  gaNtric  juice,  and 
warmed  up  to  35°  C,  the  fibrin  will  entirely  disappear.     Then;  will  \m 
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no  precjpitfttc  upon  boiling,  and  hut  bYv^XiI  precipittttion  on  neutral iza- 
tiiiiL  Since  no  other  substiinee  will  prodtioe  this  result  with  fibrin,  it  is 
characteristic  of  the  presence  o^  pepsin  with  a  dilute  aciiU 

:/>)  Milk-Curdling  Fermeni, — As  is  well  known,  when  milk  is 
tit  into  contact  witli  the  iiiiico»m   iuenil)rane   of  the  stomach,  or 

M  an  infusion  of  tlie  nincunyi  nienil^raiie  of  the  stomach  is  added 
tcmiilk,  it  coagnlates.  This  process  is  made  use  of  in  the  manufacture 
of  clievse,  and  was  formerly  attributed  to  the  aeul  of  the  gastric  juice 
i»r  to  the  proiluction  of  acidity  in  the  milk  from  the  development  of 
bdic  acid  from  milk-sngnr.  It  bus,  however,  been  shown  that  milk, 
uliile  completely  netdral,  ma^'  l)e  coa^uLnted  by  an  infusiiin  of  gastric 
juice, or  by  a  nentrut  infusion  c»f  the  mucouH  membrane;  ami  since  this 
s|ie(Mlic  action  of  the  gastric  juice  in  curdling  milk  is  destroyed  by 
lioiling,  it  also  is  attrilmtjibU*  to  a  specific  fenneutj  which  is  termed  the 
miik-cunliing  ferment,  or  rennet. 

This  ferment  ]>roiluces  eongulation  of  the  casein  of  milk  without 
exiling  in  in  an}'  wa^'  the  action  of  the  neitl,  and  will  produce  its  char- 
fitieristie  results  in  solutions  of  casein  which  are  entirely  free  from  milk- 
sugnrand  which  are  jjcrfectly  neutraL 

Solutions  of  the  milk<"urdling  ferment  may  Ijc  obtained  by  digesting 
Uicinneous  membrane  of  the  stonnich  with  glycerin.  A  few  drops  of 
this  glycerin  extract,  which  also,  of  course,  contains  pepsin,  will  cause 
Ji  linmlretl  cubic  centimeters  of  fresh  milk  to  coagulate  within  a  few 
liKiments  if  heated  up  to  40^  C. 

Severiil  other  methods  have  been  proposed  for  the  extraction  of 
ailk-eurdling  ferment,  but  in  all  jiejisin  is  nearly  always  j»rcscnt. 

HntnmarMen  bus  found  ihat  by  preeipitsitinir  with  carhtiniite  of  niap^nei^ium  or 
nmuie  of  lead  solution,  a  solution  of  milk-runlHnR  fennent  mitihr  h«  ohtjuned 
whuh  h  perfectly  free  from  pe|isin  ;  fr>r  although  IhiIH  ft mieiits  ure  camed  down 
I'jr  I  hilt  precipitate,  till  llic  pejism  remahis  ia  tlic  precipitjite,  while  i\  fxmBiderablo 
«moiint  of  the  milk-cnrdliiip  ferment  passes  throaph  the  fiUen  By  this  nieims 
Hamumn^len  wa^  enabled  to  r»ljtain  sf^hilions  whieli  would  coatrulate  fresh  milk  in 
one  to  three  minutes  at  the  temperature  of  the  ]mi\}\  even  in  neutral  ftukls,  while 
whtrn  acidulated  they  were  entirely  ineapitble  of  diasolviug  the  .snmlleKt  piirticlea 
of  fibrin. 

Little  is  kn<iwn  as  regards  the  eliemical  reactions  of  the  milk-curd- 
ling ferment.  It  does  not  coagidate,  when  in  watery  solutions,  by  boiling, 
nor  is  it  precipitated  by  alcohol,  nitric  acid,  iodine,  or  tannin.  It  is 
precipitated  by  the  l>asic  acetate  of  lead  ;  it  docs  not  give  a  yelloir 
color  with  hot  nitric  acid ;  it  does  not  diffuse  through  parchraent- 
papcr,  and  onl\"  with  diincuity  thrtjugli  uuglazed  earthenware,  Milk- 
eiirdling  ferment  is  a  less  stable  substance  than  pepsin  and  is  destroyed 
ftt  ft  lower  temperature  than  pepsin ;  thus,  if  a  solution  which  contains 
jioth  pepsin  and  milk-curdling  ferment  is  heated  about  forty-eight  hours 
37^  or  40^  C.  in  a  M  per  cent.  HCL  solutioD,  it  loses  all  power  of 
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coagnktinfir  milk,  while  the  |x^psiii  remains  unaffeetecl.     In  netitml  soIiK 

tious,  on  till'  other  hand,  thi*  milk-<^un31iu*^  feruierjt  may  Vie  heated  u|)toTO^ 
C,  or  evtni  may  be  l»oikHl  for  a  moment  without  being  entirely  destroyed. 
Alcohol  only  slowly  interferes  with  the  milk-ciirdliug  ferment;  caustic 
alkalies  rapidly  tlestro}^  it.     Even  ,02  per  cent,  of  caustic  sndii  is  s«fli. 
cient  to  cause  a  previously  active  ferment  solution  to  l>eeome  entirely 
inactive.     Salicylic  acid  does  not  interfere  with  its  action.     In  conimoii 
with  the  other  ferments,  an  almost  infinitely  small  amount  of  this  fenaent 
will  coagulate  an  immense  volume  of  milk.     Ilummarsten  jireeipitaterU 
glycerin  extract  of  milk-tnudlinj^  ferment  with   alcohol,  di8s*>[vt?d  tbe 
resoUing  precipitate  in  water,  and,  since  the  percentage  of  solid  mihh 
solution  cotild  Ijc  readily  determined^  was  able  to  estimate  that  one  piirt 
by    weight    of    milk-eurdling    ferment   woidd    coagulate   at   lea^t  fnM 
four  hundred  thousand  to  eight  hundred  thousand  piirta  of  ca.sein,    Tli« 
milk-curdling  ferment  is  entirely  without  action  on  sugar  solutions  aii^l 
is  withtmt  intluenee  in  the  digestion  of  allnimen.     It  !ias  been  found  tlint 
milk-curdling  ferment  is  prineipallj'  secreted  by  the  glands  of  the  fuiidui 
of  the  stomach,  while  the  pyloric  region  furnishes  but  a  small  amount  rf 
this  ferment.      Milk-uurdling  ferment  may  almost  invariably  lie  found 
in  watery  extracts  of  the  stomach  of  the  calf  and  sheep,  while  in  otkf 
mammals  and  birds  it  is  usually  absent^  anil  is  scarcely  ever  to  lie  ^l^ 
tected  in  the  stomach  of  the  fish,  even  although  watery  extracts  of  tl>« 
stomachs  of  these  animals  liecome  elluctive  after  being  first  aeidiiUtf<I 
and  then  al\er  twenty-four  hours  again  mnitralized.     This  would  seem  to 
show  that  t!ie  acid  serves  to  duvclop  uiilk-cnrdling  ferment  out  of  i«<>nie 
previously  inactive  body.     The  coagulation  of  milk  by  the  milk-tninlltn? 
ferment  is  more  analogous  to  the  process  of  coagulation  of  tlie  h^^^^^ 
than  to  our  generally  acce|Jted  ideas  as  to  the  processes  of  ferinentMU'n: 
for  the  casein,  a  soluble  albuminoid  body,  through  the  action  of  i"etiriet 
simply  l»er(uues  insoluble  witliout   undergoing  any  other  ehnnjje.    l^* 
action  is,  therefore^  direetly  opposed  to  that  of  jjcpsin,  which  eouvcrt^ 
an  insoluble  albuminoid  into  a  stdnble  body. 

A  dilferenee  also  exists  in  the  result  of  coagulation  of  milk,  ac<^or<i* 
ing  as  this  coagulum  has  l>een  produced  through  the  action  of  iti* 
ferment  or  by  the  development  of  juid,  In  the  hitter  case  the  preolpi* 
tate  is  ?tiil  casein,  in  the  former  case  it  is  cheese.  In  the  former  inntAn^ 
the  casein  is  preeii>itated  in  llne^  tender  llocculi,  which  are  readily  s^oluM* 
in  dilute  acid,  but  solutions  that  are  coagulated  by  rennet  are  very  mfl<^ 
less  solidde. 

The  process  differs  still  further  in  that  the  casein  precipitated  l>y 
acids,  if  carefully  washed,  may  be  obtained  perfeetl^v  free  from  asli. 
Casein  jireeipitated  by  a  milk-curd!ing  ferment,  on  the  other  hand,al«^^^* 
contains  phosphate  of  lime,  and  this  salt  seems  to  be  essential  to  the 
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^ioiL  of  the  milk-curdling  fei*meiit;  for  rennet  is  entirely  ineflective 
wlien  the  earthy  phosphates  are  absent.  Thus,  if  easeln  is  precipitated 
l»y  an  acid  and  dissolved  in  ii  small  ainotint  of  alkaii,  after  careful  wash- 
ing rennet  is  entirely  incapable  of  producing  a  coagulum;  so  also  milk, 
wlitMi  subjected  to  dialysis^  l»y  which  meium  the  salts  are  removed,  is 
mcajjiible  of  coagulating  uniler  the  influence  of  rennet*  As  to  whether 
itteru  is  a  chemical' association  of  the  phosphates  in  the  production  of 
Uic  coagulum  by  the  action  of  rennet  or  not,  or  whether  it  acts  merely 
mecbanieally,  is  not  known. 

In  aiUlition  to  the  railk-curdling  ferment,  which^  as  already  stated ,  is 
to  l»e  entirely  inert'ective  on  milk-sugar,  there  appears  to  be  still 
rand  third  ferment  in  the  gastric  juice,  <liH'ercnt  from  both  pepsin 
mA  milk-curdling  ferment,  and  which  has  for  its  action  the  conversion 
ol  milk-sugar  into  liK'tic  acid  ;  for  both  pepsin  and  rennet  may  be 
destroyed  by  the  action  of  a  dilute  caustic  soda  solution,  antl  the  result- 
ing fluid  will  still  be  able  to  convert  milk-sugar  into  lactic  acid. 

(c)  The  Aeid  of  Gtutrie  Juice. — The  greatest  controversy  has  for  a 
long  time  existed  as  to  the  nature  of  the  free  acid  of  gastric  juice.  The 
contnidictfons  on  this  subject  are  evjilently  due  to  tfie  fact  tluit  in  the 
]m»ces8  of  analysis  the  hydrochhrric  aeid  usually  found  might  tiossilily 
ori«rinate  from  the  breaking  up  of  the  metallic  chlorides  which  are  con- 
5Uintly  found  in  this  secretion. 

l*rf»ut  first  separated  hydrochloric  acid  from  gastric  juice  by  distil- 
lation, and  Lehmami  suggested  that  when  metallic  chlorides  are  distilled 
wiih  kctic  acid,  hydrochloric  acid  will  always  pass  into  the  distillate; 
»nil  on  nccount  of  this  objection  it  was  for  a  long  time  believed  that  the 
acidity  of  gastric  juice  was  normally  clue  to  the  presence  of  free  lactic  acid. 
Schmidt's  analysis  of  gastric  juice,  however,  overcame  this  objection 
mise<l  by  Lehmann,  as  he  found  in  the  secretion  more  hydrochloric  acid 
Ulan  CO u Id  sat i \  rn t e  al  1  the  base s  p r ese n t .    N  u  m c ro u  s  p ro o fs  h a v e  s i n c e  t  hen 
bti'D  brought  forward  which  all  tend  to  demonstrate  that  hydrochloric 
add  in  a  free  state  is  the  cause  of  the  acid  reaction  of  tliis  secretion  ;  thus 
Richet  proved   bj'  the  degree  of  sulubility  in    ether,  according  to  the 
method  pointed  out  by   Bertholet,  who   found  that  while  mineral  acids 
were  soluble  in  ether  organic  acids  were  insoluble,  that  the  acid  of  gastric 
,l»iee  must  l^e  a  mineral  acid,  and  from  what  he  terinetl  the  coefficient  of 
fiartage  with  ether  that  acid  was  hydrochloric.     Still  another  proof  is 
found  in  the  fact  that  gastric  juice  behaves  like  minernl  acids  in  giving 
the  coh»r  of  sul[ihocyanide  of  iron  when  added  to  a  solution  of  sul|>hc>- 
n'anide  of  potassium  and  citrate  of  iron  and  quinine  (Reoch);  while, 
still  further,  the  addition  of  gastric  juice  to  starch-mucilage  containing 
iodide  of  potassium  will  develop  the  blue  iodide  of  starch  by  libcraling 
the  ioiliue  from  the  |>otassium« 
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In  additiou  to  these  tests,  a  nimil^er  of  refig^ntf*,  stich  as  trojieolin, 
methyl-violet,   Congo-paper,   etc.,   have    l>cen   proposed    to   distingniib 
mineral  from  or^^anie  acids.     The  i>est  of  the  more  recent  t€*sts  h  pMarO' 
glHcin-^^Janillin,  de8cril)ed  hy  Wiesner  and  GunElmi^g*     Two  grammes  af 
phloroghicin  and  one  gramme  of  vnnillin  ftirm  a  re<!  dish -yellow  **)Iution 
with  thirty  granimea  of  absolnte  aicohoK     A  drof)  uf  this  solution  lu  tbv 
presence  of  a  traee  of  a  free  mineral  acid  fonns  a  brilliant  red  rolnr.it 
the  same  time  depositing  bright-red  crystals.    On  the  other  band, organic 
iw;ids,  such  as  lactic  or  iieetic  nt?ids,  or  even  chlorides  mixed  with  th^ 
Acide^  produce  no  ehanjxe  in  eoloration. 

There  is  no  tlouht  but  that  laetie,  butyric,  and  other  organic  acidi 
may  l*e  present  in  gastric  juiee,  bnt  .  leir  origin  is  to  he  ex)4iiiaDj  hf 
tiieir  respective  fermentations,  from  tides  of  food,  or  from  dt^^^umf)*' 
fiitiou  of  their  salts.  The  amount  o  ec  acid  found  in  fjrastrlc  jnire  iiii 
state  of  health  may  vary  from  O.OS  r  cent,,  as  »tate<l  by  Bifhier  tod 
Schmidt,  which  is  probably  a  low  esLimnte,  to  0.5  per  cent.,  as  eiittmaU%l 
by  Heidenhain,  in  the  gastric  juice  of  the  dog. 

The  degree  of  acidity  of  tlic  gastric  juice  differs  in  different  amnial* 
and  under  different  conditions*  In  the  dog.  Bidder  and  Sehmhlt  foun^ 
that  one  hunt^red  imrts  of  filtered  gastric  juice  required  0*3510  jjmniiwy 
potassium  hydrates  for  neutralization  ;  in  the  sheep,  one  hundred  psuiiof 
gastric  juice  required  only  0.*2fi4  j^ranimes  i)otasi*ium  hydrate^  ia^lcAtinf 
in  a  general  way  that  the  degree  of  acidity  of  this  secretioii  is  hh^htit  lo 
the  carnivora  tlian  in  the  herbivora, 

Tf»e  degree  of  aculity  varies  also  with  the  stage  of  gastric  digie^tion- 
Rothsehild  found,  after  the  administration  of  iifty  grammes  of  nrn* 
meat  and  three  hundred  and  twenty-eight  grammes  of  water  throu^^h  iIj!* 
oesophageal  sound  in  healthy  iudividuals,  that  hydrochloric  acid  wa^ttn? 
only  acid  jjrcsenL  Tbe  degree  of  acidity  was  detexmined  by  woioving 
the  contents  of  the  stomach  by  the  8tomacb-pnmp,  The  following  tabfe 
ihows  the  results  of  his  investigations:^ — 


After   i  hour, 
'*      ]|  hours, 

"    a 


0,74  per  mille,HCL 
0  84 

L44) 
2.40 
stomach  empty. 


g^stn&J 


There  seems  to  be  certain  reiisons  for  supposing  that  hvtli 
acid  is  not  entirely  free,  but  in  a  stiite  of  partial  combination  with 
substance  which  does  not  entirely  destroy  its  free  acidity.    Th*i: 
juice  has  been  found  to  dialysc  differentlj^  from  a  solution  of  hydro*.' Iil*^' 
acid  of  the  same  percentage. 

Numerous  theories  have  been  proposed  to  explain  the  formati<wi 
the  free  acid  of  gastric  juice.     No  one  of  these  views  has  reached 
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ffignity  of  a  demonstration.  It  is  known  that  the  acid  is  formed  only 
by  tbe  parietal  cells  of  the  gastric  tubules,  and  the  free  acid  is  found  on 
tbe  tne  surface  of  the  gastric  mucous  membrane.  An  experiment 
devised  by  Bernard  serves  to  demonstrate  this.  For  the  production  of 
Prussian  blue  through  the  union  of  potassium  ferrocyanide  and  a  salt 
of  iron,  an  acid  reaction  is  requisite.  Claude  Bemanl  injected  potassium 
farocyanide,  and  afterwartl  a  solution  of  lactate  of  iron  into  the  veins 
of  I  dog.  When  examined  after  death,  the  blue  color  was  found  only  in 
tlie  npper  layers  of  the  gastric  mucous  membrane,  showing  thus  that 
this  locality  was  the  sole  seat  of  the  acid  reaction.  As  to  the  origin  of 
this  acidity,  it  appears  that  the  parietal  cells  of  the  gastric  glands  form 
hydrocliloric  acid  from  the  chlorides  which  the  mucous  membrane  takes 
vp  from  the  blood;  for,  if  sodium  chloride  be  withheld  from  tlie  food, 
the  formation  of  hydrochloric  acid  ceases.  The  active  agent  in  this 
splitting  up  of  the  chlorides  is  probably  lactic  acid,  which,  hy  splitting 
np sodium  chloride,  forms  free  hydrochloric ncid,  while  the  Imses,  forming 
ilk&line  salts,  are  excreted  by  the  urine.  The  renal  secretion  is,  there- 
fore, less  acid  during  digestion  than  in  the  intervals  of  digestion. 

The  following  tables  represent  the  quantitative  composition  of  gastric 
jaice  m  different  animals  : — 

Water. 

Or^nic  matter  (especially  ferments),  . 

Sodium  chloride, 

Calcium  chloride, 

Hydrochloric  acid,  .... 

P6ta.s8iiim  chloride 

Ammonium  chloride,     .... 
Calcium  phosiihiite,  ) 
Mag:nesium     "  >     . 

Ferric  "  ) 

2.  The  Actton  of  Gastric  Jiice  on  the  Food. — The  gonornl  solvent 
effects  of  the  jrastric  juice  on  food-stntt's  nuiy  be  rouglily  illustrated  by 
means  of  an  experiment  devised  by  Schilf,  in  which  the  stomach,  removed 
from  the  l)ody  and  placed  in  an  acid  medium,  is  capable  of  digesting 
itself.  If  the  stomach  is  removed  from  a  dog,  minced  into  small  pieces, 
and  infused  in  four  or  five  hundred  cubic  centimeters  of  IICl  of  0.02 
per  cent,  in  an  oven  at  40^  C,  at  the  end  of  eight  to  ten  hours  the 
fragments  of  tlie  stomacli  will  be  found  to  be  almost  entirely  liquefied. 
In  the  structures  of  the  stomach'  are  found  the  principal  animal  sul)- 
8tanees  which  serve  as  nutriment.  Albumen  and  fibrin  of  the  blood  are 
present,  muscular  tissue,  and  connective  tissue.  Tliese  substances  tlien 
lx?ing  dissolved,  as  may  be  demonstrated  by  the  fact  that  the  licpiid, 
^hit'h  ni.iy  be  filtered  off  from  the  small,  pulpy  and  yellowish  residue,  is 
free  from  soKul  material,  it  remains  only  to  determine  in  what  form  these 
albuminoid  constituents  of  the  tissues  are  present  in  the  solution. 


Man. 

I>og. 

Sbeep. 

994.40 

973.06 

986.14 

3.19 

17.13 

4.05 

1.46 

2.50 

4.37 

0.06 

0.26 

0.11 

3.19 

17.13 

4  05 

0.55 

1.12 

1.53 

. 

0.47 

0.47 

(1.7:5 

1.18 

0.125 

<  0.23 

0.57 

^0.08 

0.33 
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As  lias  been  nlreailj  stated,  nlbiimeTi  is  precipitated  from  iU  solutious 
by  boiling  or  by  a  (jonetmtnited  mi  rubral  acid,  IT  tliO  IlltrHte  from  t\m 
autodigestion  of  the  storaacli  is  boilud  no  eoagnlum  will  be  fonm-ii.  nor 
will  an  addition  of  nitric  Rcid  cause  any  precipitate.  If  albamen  is 
present  in  tlii^  solution,  it  must,  therefore,  exist  in  a  modified  fortn. 

Milloirs  teKt  and  tlie  xjuitliopmteic  reaction  Avill  indie»*ite  in  this 
filtrate  the  presence  of  au  albimiinoid  bod)*.  If  the  filtnite  be  netitr!ilfj5«4 
by  the  earefnl  addition,  dn>p  by  drop,  of  a  little  liquor  pota^sfe,  wbcn  the 
tbiid  is  perfectly  neutral  a  prei-ipitate  will  be  formed.  These  tests  shot 
that  while  albuminoid  bodies  do  exist  in  the  filtrate,  they  have  lieen  trans- 
formed by  the  gastric  secretions  into  other  members  of  the  proteid  2roii|>. 

Keeollectiug  the  Btatt*meiit  made  in  a  pz-eceding  chapter  a*5  to  tlie 
effect  of  dilute  acid  on  albumen,  it  was  found  that  if  a  dilute  acid  wju 
added  to  a  solntion  of  albumen,  the  nlbumen  totally  lost  its  p>wt»r  of 
coagulating  by  heat  and  was  rendered  insoluble  in  water.  It  was  lliere- 
fore  thrown  out  of  solution  by  nentralizfition,  Wlien  such  a  snlntionof 
acid  albumen  was  exactly  neutralized,  the  filtrate  was  ft»und  to  Ix-entirelT 
free  from  proteid  in  solution.  If,  on  the  othur  hand,  in  this  experfnKtot 
of  autodigestiou  1>y  tlu^  f^tomach  the  ]>recipitate  pro*biceil  by  neu1rali»- 
tion  is  filtered  off,  the  filtrate  will  still  show  the  presence  of  proteid  in 
hirge  amounts.  The  resnits  of  gastric  digestion  are  not,  therefore, eutiwly 
identical  to  the  action  of  a  dilute  aciti,  for  we  find  a  portion  of  proteid 
which  is  still  soluble  in  neutral  solutions  and  is  nevertheless  not  c<wjja^ 
lated  by  boiling;  consequently,  the  modifications  of  albuminoids  prmluc^J 
by  the  action  of  the  gastric  juice  are  not  due  solel}'  to  the  acid  alone. 

This  fact  can  be  still  further  demonstrated  by  a  simple  ex[>eriment 

In  four  test-tubes  may  be  placed  some  fragmenti;  of  boiled  blood •flhrin.  h 
one  tube  are  plnccd  ten  cubic  centimeters  of  bydmchlonc  acid  of  ,03  per  renl.; 
in  No.  2  lire  placed  ten  eubfe  cfntimeters  of  nrtificiul  gastric  juice  rna^l*?  ^ 
Bilding  t\  few  drops  of  jrlyceriii -pepsin  extract  to  dilute  hydrochloric  flnd^  «* 
already  deseriVtcd  ;  in  No.  II  are  placed  lea  cubic  centimeters  of  the  ^me  Arti- 
ficial giistric  juice  carefully  neutralized;  and  in  No.  4  ten  cubic  ceutimcttrt 
lit  jrastric  juice  tliorootrbly  boiled.  All  of  these  tubes  are  then  to  he  pljicwl  ia 
an  oven  heated  l>y  4;J  dej^rees  eenti^nide.  At  Ibe  same  time.  dupliaite<*  of  inhe 
No.  3  are  to  bt^  prepared,  one  hein^^  tiurmiinded  with  ice  and  the  other  kept  »i  tk* 
tcaiperutnre  of  ihe  room.  On  cxaminiition  of  fhcRe  tubes  after  four  or  firi*  hom 
it  will  be  found  that  fn  lube  No.  1.  which  contained  acid  alone,  the  fihrta  i» 
Bwollen  up  iiitti  a  stitf  jelly,  but  has  not  been  dis^solved.  In  No.  2*  which  coi* 
lained  Eiiiitlcial  i^Eistric  juiee,  the  fibrin  will  bavi*  entirely  disappeared.  In  K*  t 
wliich  contained  ptstric  juice  neufmlized,  or,  in  other wordi*,  pepsin  tn  folulioit.the 
fibrin  will  he  unaltered,  while  in  No.  4,  which  contained  the  boiled  pn^inc  \nl(% 
the  appcEirances  will  be  identical  with  those  of  No.  1  It  mtvy  be  lenrrailfron 
this  tliat  fibrin  is  not  dissolved  by  acid  alone  nor  by  pepsin  alone,  but  thai  their 
coiiibinaliim  m  aecessary  for  its"  solution,  while  it  is  also  seen  that  pe|isin  »* 
dentroyi'd  by  bcsit  My  referring  to  the  other  two  tubea.  it  will  be  seen  tlcit  tlif 
fllirin  will  present  the  Ranu*  appearance  ahuost  as  Bvtm  in  lube  No.  I,  >hoirmi 
therefore,  that  cold  prevents  the  action  of  t^nRiric  juice.  If,  however,  the  tube 
which  wiiH  in  the  ice  is  placed  in  a  warm  oven,  the  fltirin  will  be  nipidly  (b!?e*tt*ii, 
shnwini;  that  ita  solution  waB  simply  f^uspended  by  cohb  The  solvent  ftCtiatJ"f 
the  gastric  juice  ia,  however,  loul I y  destroyed  by  boiling.    If  tube  No,  \  becnc^lj 
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Iltra1i2fd«  thi*  fibrin  will  rcfalE  its  onginftl  aj>i>eEininre.  If  tube  No.  3.  winch 
lied  the  ntuitruHzed  eastrit'  juic*.',  be  ariflMhiini  th  proper  de«^r«jt\  the  llbnn 
nli.^?olv<nr  ITluhe  No.  '3  is  neutnilizt'd.  lliert'  wiU  he  a  precipitate  vtirymi? 
rout  with  the  duration  of  the  digeiition.      Jf  tiint  preeipitAti*  Vm  liltered  ott, 

Btlimie  will  still  show  the  presence  of  a  proteid  liody. 

The  resiults  of  gastric  fligestioiis  aro,  thus,  not  <le[K'udeiit  upon  the 

cidity  of  the  gjistric  juiee  aloue,  for  we  ttiul  tliut  whuu  the  iifutmliza- 

prcnluft  is  filtered  otf  there  still  reniaiuH  in  solution  in  the  filtrate 

ilanre  tiuantity  of  prviteid  mnttrr.     This  snlistjinee  is  termorl  i>eptone, 

1  has  the  siinie  elementary  er>in[H)sition  tm  jillnnueu  iiiul  gives  nio^t  of 

proteid  reaetiong,  it,  however,  ditfering  frum  the  ordinary  proteids 

iseveml  rt*8|>eet».    In  the  fir^t  place,  solutions  of  pt'ptuneditfu^e  remlily 

I  art*  readily  lilterL^d,     Tlu^y  itrt*  not  precipiintt'd  l>y  huiling  and  nitric 

tid, actaic  acid  and  potassium  furroeyauidc,  and  saturation  with  cora- 

uQsalt.      They  are  precipitated  from  neutral  or  faintly  acid  Rolutions 

Ikinereuric  chloride,  tannic  acid,  bile  acids,  and  pliosphowolfrnnuc  acid; 

jtTwill  jield  the  Millou  s  and  xanthoproteic  tc.sts,and  withcaustje  soda 

rjM^tash  and  a  small  ipmntity  of  cupric  sulphate  they  ^rive  a  beautiful 

urjik-red  color  instead  of  the  violet  yielded  brother  fdhuiniuous  bodies 

[(Biuret  test).   They  rotate  tht*  plane  of  polarized  lij^ht  to  the  left.    When 

f  InjtKJtcd  into  the  blood  they  do  not  appear   in  the  urine,  sx^  \i^  the  case 

with  eg^-allnimen.but  when  injected  in  lar^re  amolnits  produce  the  symp* 

toin?»of  a  narcotic  poison  and  i>revent  connrulation  of  the  blood.     When 

^ried,  peptones  are  amorphous,  Iransparcnt,  yellowish-white,  hyt:;:roscopic 

powders,  while  when   freshly  precipitated  they  closely  resemble  coagu- 

lati'tl  cai^ein  in  appearance. 

u  V\'lien  proteids  are  subjected  to  the  action  of  gastric  juice,  the  acid 

^hfr^  transforms  the  albuminous  bodies  into  a  substance  analogous  to  acid 

allnimen,  termed    parnjtejjtone,  this   substance   thus   stand innj    midway 

U^tweeu  the  allnimen  and  ]>eptone.     By  the  contiiined  etfectof  the  action 

'the  gastric  juice,  principally  through  the  inlinenee  of  the  pepsin,  the 

apeptone  passes  into  a  true  soluble  peptone,  its  formation  being  due 

Hbe  taking  up  of  a  molecule  of  water.     Under  the   influence  of  the 

Jroh^tic  ferment  of  pepsin,  the  greater  the  amount  of  pepsin,  within 

stin  limits,  the  more  rai>idly  the  solution  takes  place,  although  it 

ieeniB  that  the  pepsin  is  not  nsefl  up  in  the  process  of  gastric  digestion  ; 

if  the  degree  of  acidity  be  kept  uniform,  almost  unlimited  amounts 

!  albumen   may  he   digested    by   a   small    anuiunt   of   pepsin.     Large 

Dunts  of  peptones  apfK^ar  to  interfere  with  the  tUgestion  of  albuminous 

j;  but  if  the  peptones  are  removed  as  ra|>idly  as  formed,  digestion 

^'^o  on  until  all  the  albumen  is  converted  into  peptones,  or  until  the 

lity  has  disappeared* 

The  gastric  juice  only  digests  the  albuminous  eoustltucnts  of  food, 

etabk  albuminoids  being  digested  in  the  same  manner  and  with  the 
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ertme  proiUtets  ns  albuminoids  of  animal  origin.  On  carbohydrate tbi 
fermirnt  of  gawtrie  juiee  i:^  without  ctteL-t,  tho  cases  rej>orteti  m  wlikrli 
btnreli  liiis  [jroniptly  tjet^u  con  vert  e<l  iuto  sugar  in  I  he  stomorli  h&og 
ftttrihutableto  the  actiou  of  i^aliva  which  had  been  swullowetl  Tlii'sqili- 
vary  ferment  is  not  dei^t  roved  iu  the  stoma  eh,  since  saliva  mft)  W  l^p^ 
for  days  together  iu  contact  ivith  gawlrie  juice,  suid  if  the  aviil  In'  thru 
neutralized  the  diastatie  power  of  the  saliva  may  still  be  exerliKi,  Tlw 
ehatiirc  of  starch  into  sugar  in  the  stomach  will  vary  in  inteiwiU 
Bcctirdiug  as  tlie  auiuial  i.s  csiniivorous  or  herbivorous.  In  the  forimr 
ease  the  saliva  posseBges  but  little  tliastatic  power,  and  the  food  K^tiig 
swallowed  without  uiasticatiou  no  ctmversion  of  starch  into  su^iir  mj 
be  said  to  f>ccur  in  the  moiith^  while  the  high  degree  of  acnrbty  of  tlie 
gastric  juice  will  almost  entirely  \  n-ent  the  action  f>f  saliva  b  l^ 
stomach*  Carbohydnites,  therefoi^^,  when  given  to  cAnuvpn^  pu^ 
through  the  J^tomaeh  jdniost  unchanged,  and  are  only  coavurtd  i»ti' 
sugar  when  brought  iuto  contact  with  the  panercutictind  iute«tinaistpenv 
ti  o  n  s.  I  n  t  he  case  o  f  rum  i nan  t  h  e  r  1  u  v  o  ra  the  food  a m  1  saJ  i  va  urt*  carrtBi 
together  to  the  rumen,  where  the  high  temperature  and  alkidiue  mietiof 
fiivor  the  eon  version  of  starch  iuto  sugar.  In  the  non-runiiniiiit  ha- 
bivora,  as  in  the  horse  and  rabhit»  the  sojourn  of  the  foo<i  in  tht?  meulfc 
is  muck  more  prolonged  than  in  other  animals^  and  time  is  givi'n  for  ^ 
partial  conversion  of  starch  into  sugar  to  take  place.  When  thv  ««€(* 
verted  starch  and  aidiva  reach  the  stonrach  the  prt^eess  may  i^till  pf  f^^^ 
for,  in  the  first  place,  the  acidity  of  the  gastric  juice  is  much  lefs  i» 
these  animalH  tliau  in  carnivora,and,  in  the  second  place,  as  will  be^lio** 
directly^  the  acid  of  the  gastric  -  secretion  iu  these  animab  iu  tk  6*^ 
stage  of  digCHtiou  is  hictic  and  not  hydrochloric  acid,  and  the  oftioti  rf 
ptvalin  may  still  take  place  in  a  lluid  containing  2  percent,  of  thefora^ 
acid,  wdiile  it  ceases  in  0.5  |>er  cent,  of  the  latter.  By  the  timc^  i^^ 
fore,  that  liydrocblorie  acid  has  been  substituted  for  lactic  acid,  it  twji 
be  eonclude<l  that  the  starch  has  beeu  mainly  converted  into  siigan 

Again,  cane-sngnr  is  slowly  converted  in  the  stomach  iulo  invert' 
sngur,  apparently  through  the  intlnence  of  hydrochloric  acid,  Fnts «« 
but  slightly  digested  by  gastric  juice^  it  ap[)earing  that  a  small  part  ^ 
the  fat  is  broken  up  iuto  glycerin  and  fatty  acids.  When  adi|Mi*e  ti^«* 
is  subjected  to  the  action  of  gastric  juice,  the  albnminourt  eelk-nvel^p* 
are  dissolved  and  the  fat  lil>e rated  in  the  form  of  free  oil-globulp^.  fdj 
a  small  portion  of  which  is  broken  up  into  fatty  acids  and  glycerin,*!* 
the  remainder  escapes  into  the  small  intestines  to  be  acted  upon  bv*^ 
pancreatic  secretion.  When  milk  is  introduced  into  the  s^toajftch,  ^ 
casein,  through  the  action  of  the  milk-curdling  ferment  together  vMi 
the  acid  of  the  gastric  juice,  is  coagulated  and  forms  the  curd,  in  i 
the  oil-globules  are  held.     In  a  subsequent  stage  of  digestion,  the  ck 
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dis^lved  and  converted  into  ]R'ptunt%  mimI  Ihe  oil  is  npiiii  lilifniU'il. 
liLii,  Ujeret'ore,  artificial  ijrasirit' jiiiee  i^  added  to  milk  uuniRd  to  the 
tii^H^rtkturL'  of  tbe  bi>dy,  Uie  raseiii  in  rajiidly  eougiihdud  mid  a  Uiler- 
»l|  lirm»wbite  curd  is  To  rmed,  floating  hi  tiieeleur  tluid.llR*  wlun,  which 
y\\£Lim  the  »alt4*»  uillk-iiUtiar*  water,  and  aUiumi'ij  of  the  milk.  Aa 
L^t'stion  pmgrestjeti,  llic  casuin  tn^nif  torned  into  peplttnc,  Uie  oil  is  set 
Mffiiifl  the  whey  a^ain  becomes  milky,  from  the  oil  ngnin  imHsing  into 
f  *tate  of  partial  enudsioiK 

iielutin  and  conuective  tissues  are  dissolved  !ind  i>ei>toiiij5ed  by  the 
strie  juice.     When  gelatin  has  l>een  subjected  U)  the  action  of  gastric 
•felion,  its  Hidutiouis  iio  longer  Holidify  when  cold,  Iput  a  gelatin-pep- 
HMs  formed  which  i?*  soluble  and  ditlnsible.  althoun;h  it  dilferH  from  a 
U' iM'pttine.     When  omf^eular  tissue  is  suljrctt'd  t<>  the  action  of  gastric 
IV,  tlif   sarcolcmma   becomes   dissolved,   the  miiscledibre    breaks  up 
«isver&ely  into  disks,  which  become  dissolved  and  converted  ultimately 
oa  true  jkcptone.     Ilorn3^  tissues  are  tuichanged  by  gastric  juice,  as 
tbo  am^doiil   substauee.     Red    blood-corpuscles  are  dissolved  in  the 
uniich,  the  hiemoglobin  Ijcing  deeom|>ose<i  into  hjematiu,  and  the  glob- 
is  tiltimatcly  transformed  into  pe[>tom%  while  the  lucjnfitin  is  partly 
nged  and  partly  converted  into  bile-pigment. 
^bat  the  stomach  is  able  to  digest  albuminous  bodies  of  the  most 
!ntr  naturi*,  and  yet  csca|K^  digestion  itself  by  its  own  secretion,  i»  a 
fwhiJ  h  cxjtlanation  has  as  yt^t  never  been  ulenrly  determinetl.    It  has 
attributed  to  the  alkalinity  of  tl»c  blood  in  the  tissues  neutralizing 
Sttstric  juice  and  so  pn»tecting  the  tissues  of  the  stomneh  ;  if  that 
»f».  we  would  expect  that  the  i^aiicreatic  secreticm,  being  must  active 
alkaline  mcflium,  wouhl  be  aided   b^^  the  alkalinity  of  the  blood  in 
Ktirig  the  walls  of  the  iiitestine.     The  ] infection  of  the  walls  of  the 
K^li    ihiring  digestion    has    beeu   attrilmTed    to    the   uiueus   or   the 
thdinui    lining   the    stomach;    Ijoth  may,  however,  be  mecliauically 
lovecl  through  a  gastric  listula — and    both  are,  undoubtedly,  at  least 
illy  removed  in  the  use  of  the  stomach-souud — and  yet  without  the 
of  the  stomach  Ivcin^  digested. 

the  obscurity  is  rendered  still  more  iutenge  by  the  fact  Hint  under 
1  cireumstimces  the  stomach  does  digest  itself.  If  toi  rinimrd  lie 
during  active  digestion,  nnd  the  body  kept  at  an  elevalid  tetu]>er- 
the  walls  of  the  slimitu'h  will  Ite  digested  ;  or  if  the  stoiii;ich  Im? 
K1  from  an  animal  and  (H)vered  with  dilute  hydntehloric  acid,  it  will 
D»t  completely  dissolved.  These  facts  have  been  attributed  to  the 
Ce  of  vitality;  but  if  the  leg  of  a  living  frog  be  inserted  through 
lla  into  the  stomach  of  a  dog  It  will  be  completely  digested,  and 
maint'enanee  of  a  gastric  fistula  in  dogs  it  will  often  be  noticed 
|ie  edges  of  the  wound  become  ctirroded  from  the  escape  ofgastr'^ 
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juioe  along  the  aides  of  llit?  faiimila.  The  subject  must, therefore^ be  l«lt 
where  we  HiMi'tei] :  thu  stoiimt'li  duriiii^  life  <U*es  not  digest  itself,  butil* 
imniunity  eaiinot   be  satisfMctorily  exphiint^)!. 

8.  Ttie  8eckkti(»n  of  Gastric  Juiue. — The  walls  of  tlie  stonuujbtit 
constitutecl  by  four  einits,  eoniijosed  externally  of  the  peritcmeuin  Of 
serciUvs  hi^'or ;  ,^<'rf>^M/,  the  iniisseiiliir  layer,  eomposeil  ot*  [ongitmliimliCir- 
cuinr,  and  oblique  unstriped  muscular  fibres  ;  third ^t\i^  submucons  lft\«r 
oreunnective  ti^sue^  in  whirh  are  fuund  numerous  blood-vessels, lyraphat^ 

ics,  and  ^rlands;  xiud^  fourth,  ibe  iiil^ir- 
nal  inueous  coat,  in  which  are  km^ 
the  glands  of  the  stomach.  Tlie  mu- 
cous mend>rane  is  covered  tbroughotrt 
its  entire  extent  by  ii  single  lavef  of 
narrow,  cylindrieal,  epithelial  i^ll« 
similar  to  the  ordinary  mueus-S4?cn;rini{ 
goblet  cells.  The  tnbulur  glands  <>f 
the  .stomach  are  of  two  disitinct  kintls. 
traversing  the  mucous  meiul/f«ne  yvx- 
tically  and  diirering  greatly  as  ikv 
are  localed  in  tlie  cardiac  or  |>jlorM' 
jiortinns  of  the  stomach.  The  ebwl* 
foniul  in  the  cnrdiHC  portion  of  ill* 
sloraach  or  fun  dun  are  called  thepefdic 
glands,  and  e<»n!sist  of  several  «b«ii 
tidiules  u  pen  ill  g  into  a  broad  «1d^'^ 
wliich  is  lined  liy  ei>itheUal  cells  ^multr 
to  those  fui  the  free  muco«s  mewbww 
of  the  stuTuach,  The  [*jwer  p*>rliomof 
the  tulies,  those  ]K>rtions  which  ai<^^ 
form  the  gastric  secretion,  are  liiinl  t>T 
a  layer  of  small  granular,  eoluaiiMfi 
undented  cells  (Fig.  \i%).  TW 
cells  Ikirdcr  the  lumen  of  tlic  ?i«J 
..^.u.hnu^f  ^^  an<l  are  termed  the  chief  or  eeutrtl 
cells.  At  various  places  hiHw«« 
thesi*  rells  and  the  mendprann  projiria  arc  large,  oval  or  angulwr  ^'"^ 
lateiU  nucleated  eells,  which  are  termed  luirietal  cells.  These  celbtJ* 
most  tHiinerons  in  the  necks  of  the  glands  and  less  so  in  the  lower  end*w 
the  tubules  (Fig.  149).  They  are  st^iined  deeply  by  osmic  acid  «» 
aniline  blue,  and  bulge  out  the  membrana  projiria  opposite  to  where  Ui^ 
are  placcil,  and  arc  thus  readily  recognized. 

The  pyloric  glands  (Fig.  150)  are  generally  branched  at  thtir  !«»<» 
ends,  severtd  tul>es  opening  into  a  single  duct»  which  is  long  lujti  wiite 
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t  duct  is  lined  bj  epitlii^liiim  like  tlmt  linini^  the  staniiLi'h^  while  the 
eper  i*art  is  Uiieil  hy  a  single  hiyer  uf  short,  fine,  gmnuliir,  eoJymnar 

It  is  thus  seen  that  the  glands  of  the  fiimlus  and  jj}  loniH  are  histo- 

gically  (liflerent,  and  it  has  been  found  l»v  tin'  method  of  jmrtial  fistnla, 

I Uy  excising  certain  portionn  of  the  stomneh,  that  the  chnnieter  of  the 

Iiecretions  formed  by  these  cells  is  altio  diirerent.     Here  also,  as  in  the 

iilbary  glamb.  changes  occur  in  the  interior  of  the  cells  itccording  as 

\kt  gland  is  active  or  has   heen  exhausted.     During  faslinf^  the  chief 

cells  of  the  fundus  and  all  the  cells  of  the  pyloric  iilnuds  are  clear  and 

t>f  muilemle  size,      Dnrini;:   dijrc!^tion  the  clnet'  cells   l>eeotne  enlarged 

orturind  and  jjranuhir;  the  pariehd  cells  also  enlarge,  while  the  jijloric 

Icdls  remain    unchanged^  and    only   become   enlarged   toward  the  ter- 


Fi®.  y9.—CnoBM-BmcrTtos  or  the  Glands  of  the  Fundcs  op  the  Stomach. 

illeidrnhttht.) 
A,  ihrangik  tSe  bodj  of  the  gland  ;  B^  ihrt-ui^h  the  neck. 

mination  of  digestion.  Often  during  the  last  hours  of  digestion  the 
chief  cells  again  become  larger  and  clearer,  the  parietal  cells  diminish, 
and  tlie  pyloric  cells  decrease  in  size  and  hccome  turlud.  We  thert^fore 
see  that  there  are  three  dillerent  forms  of  anatomical  elements  found 
in  the  stomach,  and  these  ditl'erent  cells  furnish  different  forms  of  gastric 
secretion  (Figs.  151  find  152).  When  the  siomfich  is  empty  its  reactitui  is 
ftlkaline  ami  its  mucous  snrlace  is  covered  with  a  layer  of  mucus  which 
k  formed  from  tbeeydindrical  epithelial  ceils,  which  line  the  free  surface  of 
the  mucous  membrane  ami  di[>  into  the  ducts  of  the  glands.  The  gastric 
juice  proper  comes  from  the  tubules  which  line  the  entire  strunach  with 
the  exception  of  tlie  cardiac  and  extreme  pyloric  ends.  Gastric  juice, 
as  has  been  seen,  contains  pepsin,  hydrochloric  acid,  and  the  milk-curd- 
liag  ferment.     The  pepsin  is  formed  by  the  chief  cells  found  throughout 
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all  tbe  tubular  t^fl-uuls  of  the  slomach.  When  these  cells  are  clear  i 
hxf^e  ilwy  ihtn  cHmtaiii  thuir  muxiniuiii  amount  of  |x*p6iu.  After  til 
secretion  of  *;Msirir  juice  has  IiistiHl  for  souu*  tiuut,  these  eell*  lwco<^ 
contracted  aud  turlnd  and  ihtui  coutaiii  luit  a  J^mall  amount  of  jit-ji^" 
According  to  certaiu  nutliorities,  pep^iu  is  not  directly  formed  in  the ea^ 
of  these  tuhuhir  srhiuds,  but  results  from  the  trans formatitui.  bv  menus  i 
liydnH-blorie  acid  or  sodiuiu  elih>nde,  of  a  mother-sulifttnuce  or  zyumg 
which  linH  been  termed  pefisinogeu. 


ii"3 


,v^'s 


Fio.  1G(L— PvLoior  r}f,Axr»H  of  the  Stomach. 

{/It  i*ft  ithfttH.) 


Fia.    15J.  —  pYUoHic     flf.^M 

TIOX,   AFTER    EllSTKI3f. 


TbeHe  statenieutss  as  to  tbe  formation  of  pepf^in  ure  Imsed  u\n)U^ 
fact  tluit  tbe  secretion  witlidrawn  from  the  isolattMl  ciinliae  or  |n'lfln( 
extremity  of  the  stunineli  cimtains  pepsin  in  abundance,  allhonirb  tH 
(puuitlty  is  more  marked  in  the  secretion  formed  by  the  glands  of  ^ 
fundus.  80^  also,  in  the  fr<»ir,  Lrlnnds^  siniilar  in  character  to  those  ec 
tainin*^  chief  cells  arc  found  in  the  liiliulcs  locateil  in  iJie  lower  l»ofti< 


GA8TKIC   DIGESTION. 


101  Uie  Ofsophatzus,     Here,  tilso,  the  serretioii  [K>art'*l  ani  by  the  ^ilsiiids 
fit  lUU   locality   is   alkaline,  :iu(l  yet  contmns   jiopHiiu  while  n   wjittTV 
usi'jri  oT  this  part  of  tlie  frog's  stomach  in  itlsu  hi^^hiy  pt-ptit?.     On  the 
lianil*  the  hydroi'hloric  acid  is  formed,  aoeoriHiiLT  to  Jleitlfiihain,  by 
(mrietal  or  assfK^iat*^  cells*  which  are  found  oi»ly  in  the  t:l!UHLH  of  the 
ndu^.     This*  >*tatcineiit.  also,  ha^   heeii   prt)Ved   hy   thi*  ileLcrmiuation 
,  Ihi!  8e<Tetion  alone  of  the  fmnlus  ilurintr  active  diijrestion  has  an 
pdreacttotif  while  that  of  the  jiylorus  never  ae^iiires  any  ticidity.     So, 


A' 


B 


Fro,    lt)5L—<i LANDS  fiF  THE   FPXDUa  OF    TRB  STOHACH.      {lifitltmhaiiU) 
\  A^t  4iirfn^  fiuttnc;  B,  Qrtt  itMce  of  fli^Rtixii:  *n]arg«(n«iit  af  the  clii«f  ccllt  itnd  iMiminenclMfr  turbldltj  ;  €  Mid 
D,  tvmti  fftag*  nf  d(^«tM<ti :  ttiii  «htrr  <-«[h  biMx>nie  iiinnller  ia  fiie  and  mure  aikI  iui^m*  uiHii^. 

iti,  ill  th<^  frog  these  associate  cells  arc  fuuml  in  the  stomiich.  nrul  not 
UT  the  tnlmlar  ^lantb  of  the  icsophairns,  and  it  is  known  that  in  the 
nfltpumeb  alone  frtte  acid  is  fonned.  Ae-ain,  in  hibernating^  aninnds  the 
^■pf  eells  disappear,  i\m\  in  these  animals  the  secretion  of  jsrastric  juice 
^Sver  neqinres  an  acitl  reaction.  The  milk  cnrilHii^r  fennent  is,  protjably, 
abo  formetl  by  the  central  cells,  esiH-cially  those  of  the  pyloric  extremity, 
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since  it  has  been   foinul   ihui  it  is  tliia  locality  of  the  stomicli  wbjcb 
yieltls  tbtj  milk-ciinlli»g  iVrtwnt  in  largt'St  tiinoiint8. 

As  regiirdH  tbe  action  of  tlie  oi^rvijus  Hysli^ni  on  the  secrtfl 
gastric  juice,  very  little  is  known.     U  seems  clear  that  this  »ecT*tioa^ 
like  that  of  the  saliva  and  of  othur  glands^  is  a  reflex  process;  furwheJi 
the  stomach  i;*  ein[>ty  there   is  no  secretion  of  gastric  juice,  which  unl| 
takes  plaee  when  proper  stimuli  are  applied  to  tlie  mucous  tjjeiiihramH>l! 
the  stomach.     Such  «tiuuili  may  lie  either  mechanical  or  cbemitiftl,  iiii4 
tbe  iinmetlirtte  result  of  ilieir   contact  is  to  cause  an  increast^  in  till 
activity  of  tbe  cireulatiiHi  throuub  the  walls  of  the  stomach,  with  ncol 
sequent   increase   in    temperature  wbieb   ma}'   amount   to  tks  much  iA 
1°   C.     The  mccljaiHsm   of   secretion,  therefoix\  is,  in  all  pnrbabilltf 
identical  with  that  of  other  glands.     The  nerves  whieh  inlJiience  tki 
secretion  are  almost  totally  imknown^  since  no  nerve  has  been  fop^ 
whose  stimulation  leads  to  the  secretion  of  gastric  juice  in  a  mnnocf  d 
all  analofxons  to  that  which  results  from  tbe  stimulation  of  the  elioidl 
tympani  in  prorlnein*^  the  secretion  of  stiliva.    It  seems  probable  that  ttl 
centres  whose  reflex  stimubition  leads  to  the  How  of  gastric  jnice  »rt 
located  in  the  stomach,  for   both  tbe   pneunuiLraslric  and   syajputbeli^ 
nerves   may  he  divided,  and    local  stininlatiun   of   the  g^astric  mu»nii 
membrane  will  still  lead  to  a  flow  of  gastric  juice,     Tbe  pneumogastfici 
nevertheless,  beside?*  bein*!;  the  sensory  nerves  of  tbe  stomach,  seem  lo*^ 
concerned  in  the  iu*oduction  of  tbe  vascular  dilatation,  which  isof  sadl 
importance  in  tbe  production   of  the  secretion ;  for,  if  l>oth  |«j<?ujW> 
gastrics   are  divided   during  dio;estion,  tbe  mucous   membrano  of  IN 
stomach  becomes  pale.     The  secretion  of  gastric  juice  is  also  umlooU 
edly  in  some  way  connected  with  tlie  central  nervous  system,  for  KM 
has   noted   the  fact  that    in   a  case  of  complete   oesophageal  stricturt 
observation  of  the  stomach  through  a  fistubms  opening  into  this  «r|5* 
proved  that  tlie  secretiiui  of  gastric  juice  followed  the  introducti<*tt « 
acids  or  sugar  into  tbe  mouth. 

4.  Gastluc  DiGKSTtoK  IN  Carnivoeia — The  importance  of  the  st^ 
ach  in  the  operation  of  digestion  varies  greatly  in  ditfereat  luiinw^ 
In  the  carnivoi-a  the  actitm  of  the  stomatib  is  less  constant  thj^n  io  t^ 
herbivora,  but  is  of  greater  importance.  While  its  action  is  intermithiiiil 
the  intervals  lietweeii  its  periods  of  activity  and  the  duration  of  i* 
activity  arc  nnjre  prolonged,  Caruivora  swallow  their  food  in  large  ft«l 
ments,  torn  only  small  enough  to  be  swallowed,  and  in  M»iny  f^ 
swallow  their  prey  entire.  Their  mastication  is  of  slight  importance. ft 
they  feed  on  substances  rcjnlily  soluble  in  gastric  juice,  tbe  only  ftUH'f^ 
of  the  saliva  being  to  render  the  t*ood  easy  of  deglutition,  it  Uivil 
scarcely  any  digestive  function  to  fuHilL  In  carnivora,as  already  st*M 
the  conformation  of  the  mouth,  pharynx^  and  gullet  enables  large  n^ 
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aniiuAl  matter  to  be  introduced  into  the  stomach.  The  grastrie  mucous 
etDbrane  secretes  gastrii'  jtik*e  thrtKii^bont  its  t'ntire  exti-'iil,  and  tl»e 
tion  in  the  stomach  in  cainivora  is  the  mo&t  importLint  ftliige  in  the 
epamtion  of  food  for  absorption.  The  secretion  is  rapidly  poui-ed  out 
er  taking  a  meal,  the  activity  being  in  accordance  with  tlie  degree  of 
kimulation  which  the  aliments  exercise  on  this  viscus.  Thiis^  there  is 
secretion  formed  when  gelatin^  gum,  starch,  and  other  indigestible 
ibstMices  are  swallowed,  while  the  secretion  is  copious  wlicn  meat,  bone, 
I  other  nUKuninous  bodies  are  introduced  itito  the  t^tonuich.  The  total 
aount  of  gastric  juice  secreted  by  carnivora  can  only  be  determined 
tith  dirtictdty.  It  has  been  stated  as  one  hundred  prnmmes  for  each  kilo 
'  bfxly  weights— an  amount  which  is  evidently  too  hirgc  ;  pmlmbly  one- 
buith  the  amount  would  be  nearer  the  truth.  As  the  gastric  juice  of 
lie i-arnivoni  is  obtained  with  the  greatest  readiness,  it  is  the  secretion 
Ifhieh  has  l*een  most  studied.  It  contains  a  larger  percentage  of  acid 
J. pepsin  than  that  of  omnivorous  and  herbivorous  attiuiiils,  and  in 
l.time  will  digest  four  times  as  much  cooked  albumen  as  the  gastric 
f  juice  of  the  sheep.  It  has  been  statetl  that  a  dog  is  able  to  digest  one- 
fiftli  of  bis  ow^n  weiglit  at  one  meal.  Nevertheless,  the  gastric  juice  does 
■  not  convert  all  the  food  taken  into  the  stomacU  into  peptones;  a  large 
^piiri  is  merely  disintegrated  and  passes  into  the  suiall  intestine  to  be 
^  acid  upon  l)y  the  pancreatic  juice.  When  excessive  amounts  of  meat 
ire  tjiken,  as  is  occasionally  the  case  in  3'Oimg  dogs^  it  will  escape  entirely 
f  unaltered  through  the  intestines.  Considerable  time  is  requirecl  for 
(JA*tric  diiiestitm  in  canilvora.  Thus,  albumen  given  to  dogs  has  been 
iminl  still  coagulable  by  heat  after  a  sojtniru  of  three  hours  in  the 
kitomaeti,  indicating  that  in  a  certain  portion  digestion  had  not  com- 
Imcnced.  Again,  coagulated  alliumen  has  I»een  found  unaltered  after  a 
«?rio(i  of  four  hours ;  filirin  has  been  found  swollen  and  transparent, 
|lmtnot  dissfdved;  while  gluten,  after  iuiviug  remained  four  hours  in  the 
omach,  b:is  been  found  almost  unaltered. 

Sfmllanzani  states  that  masses  of  meat  inclosed  in  tubes  were  found 

irtially  undigested  after  eleven  hours,  while  Colin  claims  that  at  least 

irelve  hours  are  required  for  a  carnivore  to  digest  the  amount  of  meat 

wliieh  it  would  take  spontaneously  at  a  single  meal.     Thus,  Colin  gave 

to  a  eat  which  had  fasted  for  twenty -four  liours  two  h  rind  red  grammes  of 

liorse*meat,  and  found  that  five  hours  atlerwnrd   the  stomach  contained 

one  hundred  and  fifty  grammes  of  unaltered  meat;  but  fortj^-flve  grammes, 

erefore,  or  only  about  one-fourth,  having  been  disintegrated.   To  another 

two  hundred  grammes  of  horse-meat  w^ere  given  after  fasting  twenty 

hours,  and  after  twelve  hours  sixty-four  grammes  could  still  be  reeog- 

Similar  data  were  also  obtained  in  the  case  of  the  dog.    It  Is  not 

:>aishtng  that  the  food  remains  so  long  in  the  stomach.    Time  is  given 
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for  the  digestion  of  ligaments,  ten ilons,  an«1  often  eartlla^eA  aitd  bona, 
ami  siK'h  mibiRtauees  will  often  renmiu  in  the  t^toumt/b  Turd^yRi  tit&ttititf^ 
The  cUgestibiJity  of  cerL*iin  kmdn  tif  niijmiLl  food  ai>|>L*ars  to  lit'ak*?!^ 
aeeonling  as  the  gubstsinces  are  cookcnl  or  mw ;  gt*lAttnuti!!t  li*Hue*,  »uffli 
as  tendons t  are  more  readily  digestrd  w\h*u  rooked,  i^vitlenily  dm  Uithc 
conversion  of  the  collagenous  Imdies  into  gelatin,  Alhnniinous  tbsuw, 
on  the  other  band,  especially  the  gkndular  stnK*tiirr!#,  such  nA  Imu 
kidney,  ete.,  lose  in  digestibility  when  eooked,  unless  the  rookinir  i*  vm' 
l>rohjiigeil,  when  a  fttage  of  peptonizution  nmy  l>e  inangumted,  Miwpiiiar 
tisftne  seems  to  be  et|ually  dit*e&tible  when  raw  asa  when  cooke*l  Fad- 
ing on  raw  meat  is  tiie  natural  normal  diet  of  the  pure  cjiririvora.ajul 
exvn  carnivonms  animals  in  a  stale  of  domeiitication  appear  to  digwt 
raw  meat  mon^  regularly  and  with  lej^s  dlarrhiua  than  when  fe^i  im  viHik^\ 
meat*  whieSi  is  often  followed  by  a  fetid  diarrha*a;  thus,  a  little  mw  ineit 
given  to  dogs  will  keep  their  skin  liupple^  the  hair  soft,  and  tht^ir  gwttrai 
GondUion  will  be  improved. 


Pmin  wliftt  hm  been  said,  it  is.  then*  clear  that,  f^nlinary  honni*  tufi 
that  (hi«j^  iiHjtnri'  for  tbod.  When  a  niiudier  uf  ilo*^  are  kept,  lh1»  will  nrrt.  nt 
nikv  hi5  i!!alTlt*k'iit  i  so,  then,  it  m  nee<.*iiiiaTy  i«  ghx*  somt*  funhcr  idi^aiy*  W(J^ 
he^t  and  moM  erunoiiiieal  phia^  of  iV-eciing  n  ketirud  of  doi^s  For  orditnuif  f««d 
in;?  in  town,  im  reeoininttadud  by  Dink^and  Mnyhew,  heefdieflds,  «heriv!Mt*J*.IW. 
and  i^lFal  e^hould  lie  eleanedp  chopped  up,  boiled  in  waler,  HlUag  uptheti-utew 
the  Wilier  holU  nway,  until  all  the  metU  sopamttia  in  shreds.  To  Uiiii  nirr  !«• 
added  a  Htile  j^ali  and  any  cheap  vej^a^uhle.  such  as  eahhRge,  par8ui[»«,  i* 
or  turnips.  Pat  tlm  ^ou[»  asidc\  and  ihtn  boil  oid  lm\hn  meal  til)  ft  Ik  qn  • 
let  it  mlmt  get  told.     When  required,  take  as  much  meal  as  may  be  renttimL  »"<' 


eaoutEh  Ijnith  to  liqaery  il. 
In  Ihe  coimlry,  diirini!, 
whey  nuiy  Jw  used  in  place  of  the  bnalu     la  the  winter  the  »o\ip  shfMdd  Iw  *i«r^ 


cr>imlry,  during^  the  fliimmer,  skimmed  milk,  eoiir  milkt  biitlermilt^ 


nme'd  with  meal — never  use  aew  IndhLH  meal,  it  scours.  Altliough  I(jdbnii»»l 
hiiH  not  as  much  aus^ar  or  albumen  as  oats*  it  does  tolemldy  well ;  bat  wli^fiRCr*^ 
amount  of  work  is  (expected  of  the  dogs,  nf-  in  h  monUrs  f^hootiag  exeur*ma,  w«i 
m*^sil  should  always  he  u«ed,  aa  a  less  bulk  ia  more  nourish  rag  thao  IndljiiJ  tn^l 
and  olil  menl  eaunot  always  be  obtained,  or  meat  to  make  soup,  Oaluiuitt^pOTTi^gi 
and  milk  are  i-apitul  under  §«(*h  ciren  mis  lances. 

In  a  bou??e  there  ii  real  way  fi  houea,  potalo-pcelinjn^,  and  poldiquor:  bydfin 
lag  all  the  potsitoi-s,  lunl  tb rowing  all  into  tbe  dogpt^t,  the  dotrs  are  gfoilh 
beneflli-d.  Hatalmgas  are  j^ood  lM3(led  in  MHtp.  Boiled  meal  alone  sreau  1^ 
destroy  tht!  st^ent  of  dogs ;  so,  also,  greasy  subaiaaces. 

Alimentary  substances  introdneed  into  the  stomnch  are  changi«lift 
the  way  already  indicated.  All  albuminous  bodies  are  coiivert4id  M 
peptone.  Starch  may  be  slightly  converted  into  sugar  through  the  wctioti 
of  lite  salivary  fernjcnt,  or,  after  passing  into  tiie  intestine,  tbr^uijli  tbc 
action  of  tbe  pantrreatic  fermenL  Herbaceous  matters  are  not  dig^steid 
by  dogs,  even  though  often  t-aken  in  great  quantitlea,  and  they  are  t^tht^ 
again  vomit*?d,  pa.«^s  in  the  fteces,  or  may  cause  intcatinjil  ol><^trin'ti<^n' 
Wlien  raw  vegetable  substances  are  swallowed  by  carnivorom  aniniJii^it 
is  only  the  salts  of  vegetable  acids  which  are  cxtracte<l,  while  the  skifli^ 
tona^  containing  sLarch  and  albiiminona  matters^  rcsmaiu  behind.    U  i 
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"piobAbly  the  need  of  the  extraction  of  these  vegetable  acids  which  leads 
dogs  so  often  in  the  spring  to  eat  grass. 

As  the  substances  contained  in  the  stomach  are  liquefied,  they  pass 
gruLually  by  the  contraction  of  the  walls  of  the  stomach  and  relaxation 
of  the  pylorus  into  the  small  intestine.  Indigestible  substances  may 
icmuB  in  the  stomach,  either  to  be  vomited  or  finally  to  pass  into  the 
iMtestine. 

5.  Gastric  Diqestion  in  Omnivora. — In  the  omnivora  gastric 
digestion  otters  similar  characteristics  to  those  noted  in  the  ease  of  the 
cuiiivora,  though  it  is  slower  and  less  complete.  Thus,  Colin  states  that 
•fter  giving  one  thousand  grammes  of  raw  meat  to  a  hog  six  hundre<l 
gnunmes  were  found  in  the  stomach  six  hours  after  feeding,  while 
uidigested  pieces  were  found  in  the  small  intestine.  In  another  case  a 
)iog  wbich  had  received  three  kilos  of  meat  with  one  litre  of  water  had 
(mlj  digested  three  hundred  grammes  in  six  hours.  We  thus  see  that 
while  the  hog  is  an  omnivorous  animal,  it  is  not  less  capable  of  digesting 
animal  matters  than  are  the  pure  carnivorous  animals.  While  this  is, 
however,  the  case,  from  their  imperfect  mastication  they  are  less  consti- 
tuted for  the  extracting  of  nutritive  principle  from  the  vegetable  matter 
than  the  purely  herbivorous  animals. 

The  stomach  of  the  hog  is  generally  descril)ed  as  a  simple  stomach, 
but  it  really  represents  a  stage  of  transition  Iwtween  the  8inii)le  stomach 
of  camivora  and  the  complex  stomachs  of  ruminants.     Even  on  external 
examination,  by  the  presence  of  a  constriction  nt  the  cardiac  nnd  pyloric 
extremity   the    presence    of  well-marked    diverticula    is    evident.      On 
in3i)ecting  the   interior,   Elienberger  and   Hofnieister,  who    have   been 
mainly  followed  in  this  description,  show  that  the  organ  may  be  divided 
into  five  distinct  regions:     1,  The  (esophn(jeal  por/io/?,  which  is  coated 
with  a  mucous  membrane,  cutaneous  in  character,  similar  to  that  lining 
.    the  (Bsophagus,  and  which  is  separated   l)y  a  distinct  border  from  the 
secreting  membrane.     It  contains  no  glands,  but  is  papillated,  though  to 
a  Jess  degree  than  the  left  half  of  the  horse's  stoniaeh,     2.  The  cardiac 
diverticulum^  lined  with  a  white,  thin  mucous  membrane,  which  is  sepa- 
rated by  a  fold  of  mucous  mem])raiie  from  the  fundus  of  the  stomach. 
The  mucous  membrane  of  this  portion  of  the  hog's  stomach  is  coated 
with  cylindrical  epithelium  and  contains  tubular  glands,  which  are  shorter 
than  the  fundus  glands,  and  composed  of  small,  transparent,  granular 
cells,  different  from  those  found  in  any  other  region.      Lyniph-follicles 
are  numerous,  and   in   some   places   so   close  together  as   to  resemble 
Pe^^er's  patches.     3.  The  left  zone,  or  fundus,  constituting  one-third  or 
one-half  the  stomach,  lined  with  a  glandular  membrane,  similar  to  that 
of  the  cardiac  diverticulum;    it  contains,  however,  a   smaller   relative 
number  of  follicles.     4.  The  central  zone  includes  the  greater  cui  vature, 
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and  extends  toward  the  pjlorus  :md  oesophageal  portion,  i^  estremilleft 
being  triangulfir.  The  mucous  membmne  in  this  region  is  very  tlikk 
and  bniwnish-red  in  color,  and  con  talus  tlie  so-calied  fundus  gbiJii, 
These  are  tubular  in  structure,  longer,  but  subdivided  to  a  less  <lcgri>a 
than  the  pjioric  glands.  The  ducts  of  these  tubules  are  lined  with  rvt- 
theliuni  Bimilar  to  that  lining  the  cavity  of  the  stoniaeh,  while  the  fuiulu* 
eon  tains  chief  and  associate  cells  similar  to  tlioi^c  found  iu  the  stomacbi 
of  cnmivora,  with  the  exception  tli^it  the  associate  cells  U€  in  group* 
external  to  the  cyHndrical  cells,  6,  The  rigM  or  p^hrw  zone  ItieliKitf 
the  pylorus,  as  much  of  the  lesser  curvature  as  does  not  ijehuif  lu  llit 
ossophageul  portion,  and  a  small  portion  of  the  grejiter  curvatun^  It» 
mue<nis  niembrane  is  white  eolor,  and  in  the  pylorus  very  thm* 
though    much    thielcer  tit  L*e  to  the  pyloruji ;  the  s»jlinui('<>s* 

IB  ii|>firscly  developed.     Alit-r  c  tbe  pyloric  gone  is  generally  ffMiwI 

coated  with  a  thick  layer  of  mucus,  stained  ^'ellowisb  from  the  h\h*  Tl» 
glands  of  this  portion  are  conshlendjly  lontror  than  those  found  ekowkre, 
are  sulHlivided  and  convtduted.  Associate  celb  are  entirely  wautiiigiu 
the  pyloric  xofio.the  cells  being  cylindrical  and  granular  or  hyaline. 

As  Ellenl>erger  and  Hofmeister  pointed  out,  the  stomachs  of  m»fl»* 
mals  may  be  divided  into  two  ditrerent  groups^  in  one  of  which  fv^oifh* 
ageal  divortienla,  and  in  the  other  diverticula  of  the  stoinflcb  it^flC 
represent  the  mode  of  deviation  from  the  simple  gastric  form.  Wlit?a 
both  forms  of  diverticula  are  present,  the  true  compound  stowmfh  ii 
rej^resented.  The  gastric  formation,  with  a  diverticulum  fonued  froia 
the  glandular  stomach  itself,  is  met  with  in  many  berbivora  and  onuiiv- 
era,  and  such  earnivoraas  live  on  highly  indigestible  animal  substancei. 

In  its  simplest  form  the  part  near  the  p3doru8  is  dilated  into* 
pouch-like  expansion ;  such  a  form  is  met  with  in  the  hog,  but  is  still 
further  complicated  by  a  saccular  expansion  at  the  cardiac  extremity. 
Such  a  formation  evidently  lengthens  the  period  of  retention  of  tlie 
food  within  the  stomach,  and  by  an  increase  in  the  internal  surface  of 
the  stomach  permits  of  a  more  continuous  action  of  the  gastric  juice, 
since  it  corresponds  to  an  increase  in  the  secreting  surface. 

In  the  development  of  the  compound  stomach  through  the  formfr 
tion  of  esophageal  dilatations,  the  stomach  of  the  hog  represents  the 
first  stage. 

The  second  stage  is  found  in  the  stomach  of  the  horse,  where  tlie 
entire  left  half  of  the  stomach  may  be  regarded  as  an  CBSOpluig«>l 
expansion  ;  and  while  the  stomach  of  the  horse  from  external  viet 
resembles  a  simple  stomach,  internal  examination  shows  that  it  i* 
practically  a  compound  stomach. 

The  highest  degree  of  development  of  the  oesophageal  pouches  bH 
of  course,  seen  in  the  stomachs  of  ruminants. 
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The  gastric  juice  of  the  hog  contains  the  same  ferments  as  are  found 

in  the  secretion  of  other  mammals;  it  dissolves  albuminates  and  eon- 

Terts  them   into  peptone,  parapeptone,  and   syntonin,   and  coagulates 

vdlk,  and,  to  a  slight  degree,  as  in  the  case  of  other  mammals,  splits  up 

fKts  into  glycerin  and  fatty  acids. 

The  secretion  obtaine<l  from  different  portions  of  the  stomach  differs ; 
that obtainerl  from  the  greater  curvature  contains  more  mucin,  more 
teid,  and  more  ferment  than  that  from  the  other  ]>ortions,  while  the 
seeretion  from  the  oesophageal  portion  is  free  from  ferment. 

In  the  secretion  from  the  greater  curvature,  as  obtained  by  the 
making  of  extracts  with  common  salt,  the  degree  of  acidity  varies  from 
0.08  to  0.07  i>er  cent. 

The  portion  of  the  stomach  supplied  with  the  associate  colls  con- 
teioB  all  the  ferments  in  the  greatest  quantity.  Small  amounts  arc  found 
m  the  pyloric  region,  and  a  still  smaller  amount  in  the  cardiac  diver- 
ticolum. 

These  ferments  in  the  hog  are  with  difficulty  extracted  with  glycerin, 
hot  are  readily  removed  by  means  of  dilute  hydrochloric  acid  and  salt 
flolations. 

Ellenberger  and  Ilofmeister  further  claim  that  there  is  a  diastatic 
ferment  in  the  mucous  membrane  of  the  hog's  stomach,  and  they  have 
proved  by  carefully  controlled  experiments  that  the  conversion  of  starch 
into  sugar  by  means  of  artificial  gastric  juice  from  the  hog  is  actually 
doe  to  the  presence  of  the  ferment.     It  does  not.  however,  seem  clear 
as  to  whether  this  ferment  is  actually  produced  in  tlie  irastri(^  mucous 
membrane,  or  whether  it  enters  that  membrane  l>y  imbibition  from  saliva 
which  has  been  swallowed.     The  gastric  juice  of  the  fundus  of  the  stom- 
ach of  the  greater  curvature   produces   coagulation    of  milk,  both  in 
alkaline  and  in  neutral  conditions  ;  this  power  is  not  possessed   b\'  the 
mucous  meml)rane  of  the  cardiac  sac,  and  only  to  a  slight  deirrce  b}'  the 
pjloric  i)ortion.     No  lactic  acid  ferment  exists  in  the  hog's  gastric  juice. 
The   progress  of  gastric    digestion  in   the  hog  has  l)een  carefully 
studied  by  Ellenberger  and  Hofmeister,  by  administering  definite  amounts 
of  ${)ecific  foods  to  hogs  in  whom  the  stomach  had  been  emptied  by 
lasting  and  clciinsed  by  copious  administration  of  water.     The  animals 
were   then   killed,  at  specific  intervals  after  the  administration  of  the 
food,  and  the  gastric  and   intestinal  contents  subjected    to  a  chemical 
examination.     These  authors'  experiments  were  restricted  to  the  cereals. 
The  largest  number  of  experiments  were  made  with  oats,  given  dry,  so 
as  to  produce  the  greatest  (juantity  of  saliva.     In   other  instances  the 
food  was  given  moist,  so  as  to  reduce  the  secretion  of  saliva  to  a  min- 
imum.    To  those  who  received  the  dry  food  water  was  always  given  to 
drink.     The  animals  on  whom  these  experiments  were  made  were  for  a 
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few  tlnvs  previfius  to  the  expenmeiit  fed  on  such  food  a^eoukl  Ih»  readily 
recognized  in  theintestiiiftl  tube.  For  tliirty*six  huurs  before  llieM*xjHif- 
imeiit  no  food  whatever  was  given.  The  iminmls  were  then  killed,  tfU-T 
the  ad  mini  St  ration  of  a  weigJied  qimiititj  of  food^  at  otte,  Xv,'o,  tlim, 
four,  six,  eight,  ten,  und  twelve  hours  after  the  terniiuatiou  of  the  inr$l, 
an  attem[>t  being  made  t«>  isohite  the  iKirliouR  olitained  from  the  i\iU 
fereiit  [larts  of  the  stumaeb,  the  eanliac  and  pyloric  buhes  being  ktp^ 
separate.  The  res  id t  of  these  exix^rimeuts  din^eted  attention  mpe^\$\\j 
to  the  pro^^ress  of  digestion,  to  the  b>eation  of  the  gastric  oonteiiy, tl)f 
nature  of  tbe  acid  and  quantity  of  the  ferment  present,  tlie  ibamtHja 
of  gastric  digestion,  the  source  of  i^fafttnc  jince,  and  the  character  of  tk 
gastric  movements.  Their  experiments  teach  that  tbe  gastric  ib^tioa 
of  grains  in  tlie  hog  may  be  diviih^l  into  two  periods.  Ihirlng  tk 
meal  and  for  one  or  two  hotirs  mn^i  4rd,  digestion  of  starch  almie  uli<» 
pb*ce,  the  starch  being  converted  intc  soluble  sUireh,  dextrin,  and  mpr 
Simultaneously  with  the  digestion  ol  he  starch,  lactic  acid  fcnat  nlnttun 
occurs,  a  considerable  qnantitj  of  th<  sugar  being  in  this  way  coarrmd 
into  lactic  acid*  It  does  not  appear  from  their  results  as  to  wlidlief 
cellulose,  also,  at  the  same  time  undergoes  fermentation  or  not-  DirrtS^ 
this  period  the  food  becomes  sofbcned  and  swollen  from  maeeratum  in 
the  lluids,  and  a  great  part  of  the  soluble  matters  of  the  fooil  j«is*i«l^ 
sohition,  the  digestibility  of  the  vegetable  albuminates  being  £»cilit»tftl 
by  tlic  presence  of  lactic  acid, 

Tbe  conversion  of  the  starcli  into  sugar  occurring  in  thi«  jieri^ 
is  due  to  the  saliva,  which  the  authors  have  found  in  the  hog  to  |w^ 
ficss  amylolytic  power  in  a  high  degree.  It  is  strongly  alkalimi,  *nd 
tlierefore  neutralizes  whatever  acid  was  first  pres^ent  in  the  stoiuai'b- 
Later,  t!ie  earrliac  contents  become  acid,  due  at  first  to  the  presentx^  of 
lactic  acid,  which,  aa  is  well  knowu^  does  not  interfere  with  theactumof 
the  amylolytic  fenuent.  It  is  also  prolwible  that  a  certain  amount  of  ti^i^ 
amyhjlytic  ferment  comes  from  the  cnrdiac  sac  of  tbe  hog's*  stoiwct, 
which,  as  already  mentioned,  contjiins  a  8]>eclal  cbarncter  of  gli 
who.Hc  extract  alwayri  yields  diastatic  ferments, 

As  regards  the  degree  of  digestion  in  this  period,  the  followii 
figures,  taken  from  one  of  Elienberger-s  and  Hofmeister's  exiM-Timetl 
serve  as  an  example  : — 

The  animal  had  received  Bf>0  grammes  of  oats,  representing  *S 
grammes  of  celluh>3e,  557  grammes  of  carbohydrates,  and  ^3  gramiW* 
of  albuminoids.  As  a  consequence,  22,5  |ier  cent*  aulublc  nutritive  ftHl^' 
sbmces  consisted  of  albumen-  On  analysis,  only  47  gmmmes  of  na^ 
solved  alburai'Ti  were  found ;  hence  34  {wv  cent  of  the  insoluble  albumiikBll 
bodies  had  passed  into  solution. 

In  feeding  with  animal  matters,  naturally  this  first  stage,  wk 
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:Ul  Ih?  calle*!  the  amylolytic  period  of  digestion,  is  absent.  This 
>loIvlie  tMjriod  lasts  for  about  tliree  or  four  hours,  itieluding,  uf 
,  tbe  half-hour  or  hour  accupied  by  tlie  raerd.  The  duration  is, 
iwerer,  longer  in  the  cardiac  sac  tliaii  in  the  fundus  and  jiylorie 
^lortions  of  the  stomach »  u  lie  re  it  becomea  grndurdly  eonvertetl  into 
»bat  might  be  termed  the  proteolytic  period,  iji  which  the  ]>roteid8 
ime  converted  into  peptones. 

Tbe  di'^estion  of  proteids  in  tlic  hopr  is  first  rendered  possi!^le 
through  the  presence  of  lactic  acid.  During-  this  stage  of  proteolysis 
tbt  digestive  processes  ditler  in  the  cardiac  and  pyloric  portions  of  the 
itoiDAcbf  indicatin»4  that  for  several  hourn  a  wvlbmfirked  diUcrenee 
aists  between  the  cotitent^  of  those  diil'erent  reirionH  of  the  stomach,  in 
tiM?  funner  of  which  only  lactic  acid  antl  in  the  latter  both  hydrochloric 
9tn\  luetic  acids  are  present.  This  fact,  for  which  we  are  also  indebted 
ia  EUenWrger  and  Hofnieister,  is  in  opjiosition  to  the  generally  accepted 
iirsns  to  the  rapid  dilfusion  and  mixing  of  the  gastric  contents. 

Tbe  second  digestive  period,  in  which,  while  the  cardiac  extremity 
§t;ll  digesting  starch,  the  |»yh»ric  half  is  digesting  albumen,  begins 
4l  ftkMit  the  third  or  fourth  hour  of  digestion,  and  may  continue  from 
niue  to  twelve  hours. 

In  the  third  {wriod  the  digestion  of  starch  ceases^  from  the  great 
llevdopuient  of  hydrochloric  aei<l,  although  it  fihouht  be  remembered 
iliat  ttp  to  the  fourth  hour  of  gastric  digestion  the  cardiac  fluid  is  still 
'eajjflMe  of  converting  starch  into  sugar. 

It  thus  would  appear  that  digestiim  in  the  stomach  of  the  hog  con- 
timics  from  one  meal  to  tlie  other,  although  in  a  moderate  mctd  part  of 
the  gastric  conte!its  may  pass  into  the  intestiue  three  or  fonr  hours  after 
ejiling;  but  part,  nevertheless,  remains  in  the  stomach,  and  nuiy  ij« 
foiitifl  there  even  tidrty-six  luuirs  nflterwjird. 

These  rtjsults  furttier  show  that  the  degree  of  mixing  of  the  con- 
tent%  of  the  stomach  prutbice^l  by  the  gastric  movements  is  Ity  n<j  menns 
coni]>!t?te,  the  first  quantities  l^eiug  gradnallj^  pushed  on  tt^waril  the 
pylorus  h}*  those  coming  afterward.  The  degree  of  acidity  of  the  gastnc 
contents  gradually  increases.  While  nt  flrst  alkaline,  it  gradually 
increases  in  acidity  so  that  three  hours  after  tiie  meal  0.07  per  cent,  acitl 
may  l«e  recognized  in  the  left  half  of  the  stomach  and  0.2  per  cent,  in 
right  half.  The  acid  within  the  left  luxlf  of  the  stomach  then  com- 
ces  t<>  increase,  until  finally  it  may  amount  to  0.3  per  cent.  When 
the  meals  i*apidly  follow  each  other  gastric  digestion  is  interrii]4ed,  and 
Ihc  undigested  portion  is  forced  into  the  intestine,  undergoing  digestion 
there  by  means  of  the  intestinal  digestive  fluids.  As  a  eonsctiuence, 
large  meals  the  amyh^lytic  period  is  incrensed  and  the  proteolytic 
iod  decreased,  while  the  degree  of  acidity  more  slowly  approaches  a 
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maximum.  The  degree  of  mftstieation  it*  furtlior  of  iDfluence  on  tiii 
compli'tituess  of  tlie  amylolytie  change.  Wln*ii  dried  food  is  pjinta 
rnsK^ticalion  is  more  prolonged,  and  the  conversiiou  into  st^ircli  is  more 
complete  than  wlien  sollt,  watery  foodi^  are  given. 

6.  Gastric  Dioestioh  in  Solipkdes, — The  simplicity  and  ^mutlatsa 
of  the  stomach  in  thes«  animals,  the  vast  size  and  valvuh^r  chamt- iifr  of  the 
colon,  anil  the  importance  and  liii^h  degree  of  development  of  Uie  tmmM 
fir©  the  peculiarities  which  chameterize  digefition  iu  this  group  of 
herlnvorousi  animid^.  The  type  of  dig<^slive  parts  seen  in  the  liomud 
other  85olipcHies  nre  represw^nted  al§o  in  the  [Miehydenns  and  ttDQ0$ 
rodents,  where  the  intestinal  tulie  is  construete*!  on  a  similar  plan.  Tlwff , 
therefore,  possess  many  points  in  common  in  the  mode  of  aetioti  of  thr 
digesti\^e  part^.  As  iruUeate'l  hi'  i^'^oliii,  Uie  followiiig  points  chfinu:trfije 
diijeetion  in  fiolipedc^,     ]     st  wnrss  of  tin*  miH*hani«d  prt|?Mi» 

tory  stage  of  digestion  ;  ipidity  with  whirh  tUv  workof  rl« 

etomaeh  is  etfected  ;  tbihi  ty  of  the  paajs^ajr©  of  ltq*jid«  bU> 

the  Iiite?*tinew,  and  their  aee,»-*.  n  the  ca?cnm  ;  fourth^  Ihr  liiintn«?» 

and  gh^inhir  form  which  the  re&i"-       '  alimentary  matters  assnmuifll 
posterior  parts*  of  the  large  intes 

Mastication,  which  was  foam  the  earnivora  to  l»e  in^hroii 

becomt-^s  in  the  hcrhivora  an  act  of  tlie  grinxtest  iuiportanee,  for  gfl 
hay,  corn,  or  Oiita  can  only  \m  di,  ifter  the  most  perfect  commioHti 

and   trituration,  fur  the  vege  itritions  matters   are  iiielosfd  1 

eeliulo^e  envelopes  which  are  imir^  jUS  to  gastric  juice*  In  tlie  ! 
pedes  rumination  does  not  take  pui^-e;  hence,  mastication  issbiri 
[tcrfect  and  completed  once  for  alh  A  horse  cannot  ordinariiy  t'Jit  tf 
thousand  Jive  hundred  grammes  of  hay  in  less  than  one  honr*  (»r  ^vdi 
two  if  Ihe  teeth  are  at  all  defective,  while  twenty  to  forty  miiuiiH  aJt 
required  for  tlic  mastication  of  the  same  quantity  of  oats.  PrfHma}»f5 
chup[>iuf^  of  food  docs  not  help  digestion  in  suirnd  animals,  ami  ctftny' 
replace  the  process  of  mastication  in  animals  in  which  the  leetb  a« 
defect! ve»  fur  it  is  impossihle  to  carry  the  process  far  enough  awto  lM| 
euhstanees  are  actually  milled  or  ground  to  a  powder*  This,  of  i 
wiU  lihi'tate  the  nutritive  matters  from  their  indigestible  cells,  siad  Pif^ 
aasjst  digestion  in  animals  in  which  maBtteation  is  iraperfecth^  perroiiiW' 
Choppcil  food,  in  fact^  niay  prove  harmful  by  reducing  the  dnratbsi  w 
mast  lea tirui,  and  so  decreasing  the  amount  of  saHva  poured  out  M»^  j 
cation  in  solipedes  is  slow  and  prolonged,  not  only  from  the  necewi? 
for  comminuting  the  food,  but  also  from  the  fact  that  in  the  moulbt^ 
principal  action  of  the  saliva  on  the  food  commences. 

As   tire  foods  enter  the  stomnch  they  push  to  the  riirlit  the  »• 
already  present,  and  as  the  capacity  is  only  fifteen  to  eighteen  litret^ 
organ  cannot  contain  an  entire  jingle  meaK .  Thus,  when  a  horse 
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ixt  kiloB  of  hfl}%  representing  one-half  its  daily  ration,  requiring  two 
botir*  for  its  consumptioiK fintl  impiegnates  it  with  twenty  litres  of  saliYii, 
Ibe  muss  woiittl  occupy  a  sjmce  of  twenty-eight  to  tliirty  eubie  deeiiueters, 
Astiiestemacli  is  funetiomtlly  most  active  when  only  two-tliirds  distended, 
ilwtb,  while  contaiQirig  nboiit  ten  litres,  the  stomach  must,  therefore, 
till  and  empty  itself  two  or  three  times  during  one  meal.  It  is,  therefore, 
wen  that  the  small  capacity  of  the  stomnch  haa  the  etfeet  of  redneingthe 
(Uimtion  of  gastric  digeistion,  and  the  greiitev  the  A'ohime  of  tbcxi  the 
li'sswill  he  thetimt*  thiit  food  will  reauiin  in  the  stomach.  Con.seqneiitlyi 
onto,  taking  up  oidy  one-fiftli  the  volume  of  an  equal  weight  of  bay, 
▼oiild  muain  in  the  stomneh  four  or  live  tiaies  as  long,  Thii!  difference 
in  tiiue  (hiring  which  dillerent  foods  retuain  in  the  Btonraeh  is  necessi- 
tatiti.ns  indicated  hy  Colin,  hy  the  ditfercnt  compomtions  of  the  food. 
Thus,  fi  liorse  fed  on  hny  receives  in  this  food  44  per  cent,  of  crirho* 
liydnites,  which  have  hcen  already  ])arl:iidly  inoililk'tl  by  tlic  fc^aliva 
a»il  wliosif  further  ti*an*?rormation  i»  completed  in  the  iutuBtine,  Fonr 
percent,  of  fots  is  present,  which,  as  has  been  «een,  are  not  acted  on  by 
tk  gastric  juice,  while  oidy  7  |>er  cent,  of  albnminoiis  matter  is 
^tfmwt.  It  is  the  albuminous  matter  alone  which  is  digestetl  hy  gastric 
jnke,  and,  since  we  have  only  7  |>er  cent,  of  albnniitious  matter  pres- 
et in  Imy,  it  is  evident  that  hut  a  short  time,  connmratively  speaking, 
^oukl  he  required  for  the  digestion  of  this  albuminous  matter,  which  is 
8fi«ly  divided  and  in  the  most  tavorable  condition  for  being  su Injected  to 
^solvent  action.  So, also,  the  horse  fed  on  green  fonige  receives  in 
f  food  ^  per  cent.  oT  carbohydrates,  barely  1  per  cent,  of  fat,  and  only 
ercent,  <d'  nitrogenous  matters  whii-h  are  digestible  in  the  stonmch. 
efore,  in  green  fodder  but  a  short  time  is  required  for  gastric  diges- 
Ou  the  otiier  haml,  oats  contain  about  11  jier  cent,  of  nitrogenous 
ter,  and,  consequc*utly,  we  find  tliat  tlic  small  relative  volume  of  oats, 
ontrasted  with  other  forms  of  vegetable  foods,  enables  them  to  remain 
pr  in  the  stomacli. 

In  the  horse  the  performance  of  gastric  flstnhe  is  impossible  on 
tHrttoraical  grounds,  and  various  attempts  have  been  made  to  collect 
gnstric  juice  by  performing  (pso[tli!igotomy, — passing  a  Rjwnge  through 
*tnbe  into  the  stomach,  killing  the  animal  after  a  certain  time,  tying 
pylorus,  and  collecting  the  contents.  This  method,  hcnvt.'v*  r,  fails 
cure  a  g:tstric  secretion  which  is  free  from  hile  anil  pancreatic 
So,  also,  the  use  of  the  stomach-pum[)  is  rendered  ditficnlt  or 
sible  on  account  of  the  long  and  pendulous  sotl  palate  ,Mnd  the 
omforts  and  struggles  which  it  causes  in  animals  w^hen  attempts  to 
oy  it  are  made. 

By  means  of  the  method  referred  to  a1)ove,  the  fluids  obtained  from 
^stomach  will  always  contain  saliva  and  various  food-p rod  nets,  a.s  well 
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as  the  true  gastric  secretion  ;  but,  since  tlieee  snlmtfttices  are  alwajg  mixe 
in  actuiil  digestion,  they  will  answer  for  the  stiitly  of  the  process  ordiijt* 
tioii,  even  altliougli  they  will   prevent   accurate  statementa  as  to  t£i«| 
ehemicul  constitution  of  this  s<eeretion.    The  gastric  juice  in  the  horse  I 
is  secri'ti'd  only  liy  tlie  gin  in  Is  of  the  fuuclus  IVom  a  f^iirface  about  two 
Ijaud-breailths  m  extent.    Extracts  from  this  portion  of  the  mucous  mem- 
braiie  contain  more  acid,  more  ferments,  ami,  what  i«  remarkahle,  rorin 
nine  in  thnii  cxtnirtH  made  from   the  pyloric  portion,     Kllen  Writer  and 
lIofniei?^ter  fotmd  tliiit  the  deg^rce  of  acidity  immediately  after  eating  wjm^ 
In  the  horse^  onl^^  0.084  per  cent.     After  an  hour  the  acidity  i*o»f  to 
0.1   per  cent.,  and  still  later  to  0:2  pt^r  cent     Iniinediately  after  eatini? 
no  hydrorhlurie  iiciil  was  jiresontj  hnt  only  appeared  four  or  (ivt»  ho«w 
after  the  commeuccment  of  the  meal     Lactic  acid  was  always  pr^^eut, 
apparently  even  in  excess  of  hydroeh!oric  acid.    This  ma}*,  perlmps,sem 
to  exi>lain  tlic  tact  that  in  the  horse's  st<jmach  tlie  change  of  starch  into 
gugar  may  go  on  even  in  the  presence  of  0,2  per  cent,  of  acid,  as  orgnnie 
acids  interfere  less  than  mineral  acids  with  this  process.     The  rhnnic- 
teristics  of  the  ariil  of  the  gastric  jniee  have  l>cen  funtul  to  dej>end  njKm 
the  food.     Thns,  these  authors  have  found  that  the  distribution  of  acid* 
was  as  follows  : — 

Hydrr>chlDHeAc?!<l.    Oreanie  Adds. 

1 .  Oats  and  chopped  straw,    ,        .    0. 103  p«r  cent.    0.387  per  cent 

2.  Ojtts, uAm     "  o.eio 

3.  Hay 0,023      '•  1.71W       *' 

It  in  thus  seen  that  when  the  food  consists  of  oats  the  raaxiroutn 
percentage  of  hydrochloric  acid  is  fonnd  in  the  gastric  juice,  while  wk-n 
hay  is  given  the  mineral  acid  fails  to  a  minimum,  while  the  organic  jicidi 
nre  in  excess.  The  importance  of  these  facts  is  evident  when  it  is  reincia*  | 
Ixned  that  oats  contain  12  per  cent,  of  nllmniinons  matter  and  05  i^r 
cent,  of  carbohydrates,  including  cellulose,  while  hay  contAins  only  0  jier 
cent,  of  proieids  and  70  per  cent,  of  en rbohyd rates.  Hence,  when  mti 
are  given,  the  excess  of  hydrochloric  acid  is  es]»ecinlly  favorable  f*»r  llie 
peptonizati^m  of  the  f^roteid  constituents,  while  it  interferes  with  tbu 
tligestion  of  the  carbohydrates.  On  the  fither  hand,  when  hay  ie  givea» 
the  excess  of  organic  acids,  as  already  mentioned,  does  not  interfere  with 
the  action  of  ptyalin  on  starch,  while  still  permitUng  the  peptonizatioii 
of  the  (iroteids. 

The  watery  extract  of  the  in  neons  membrane  of  the  fundus  differs, 
ns  already  tuentifuied,  from  that  of  the  |»ylorns.    It  contains  more  miira«t 
more  aciil,  and  more  ferment.     The  fundus  extract  contains  a  fennenl  * 
which  converts  casein,  fibrin,  albumen,  and  gebtin  into  peptone  in  media  ■ 
containintr  0J5  to  0,5  per  cent,  of  liydrocldoric  acid.     While  0.0  per 
cent,  of  hydrochloric  acid  arrests  digestion,  in  the  case  of  organic  acids 
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found  that  iho  percentai^e  raiii^ht  be  considembly  incrensed  al»ove 

point  and  yet  digestion  go  on.     Thus,  the  gaHtric  extmct  apiicared 

posses;?  al>out  the  same  tleirree  of  activity  when  lactic  acid  wa&  present 

;S  per  cent,  as  witli  hydrochloric  acid  present  in  0.2  per  cent.     The 

i%»  only  diffusible  with  "jreat  dillicnity^  and  resistH,  to  ii  higli 

putrefactive  and  alcohoiie  fermentations.     Lactic  acid  fcruicnta- 

does  not  interfere  with  its  activity. 

The  ferment  is  sohihle  in  water,  ^Ij'cenn,  dilute  acids^  alkaline  and 

liiK*  suhitions,  and  loses  its  activity  at  HO'-'  C,    Such  an  artilicial  gastric 

extracted   from  the  niucons  membrane  of  a  horse's  stomach  will 

t  nnini.'d   tissues  in  tl»e  same   way  as  extracts  prepared   fr(»ni  the 

:ous  menibmne  of  the  stoniHcljs  of  eaniivorii.      Extracts   prepared 

im  inflamed  muCoiia  membrane  are  totally  inactive.    In  a<1dition  to  tlie 

psln^the  cfastrie  juice  of  the  horse  alsu  contains  the  milk-t^yrflling  fer- 

inj'iitand  halts,  hietic  acid   fernjcnt,  and  truces  of  a  diaslsitic  fcrnuoit,  all 

of  wliich  may  be  precipitated   by  alcohol     The  distribution  of  these 

fcrmt'iits  and  of  the  acidity  of  the  gastric  juice  is  the  same  as  in  the  dog, 

Willi  the  exception  that  no  secretion  lakeii  place  in  the  membranous  car- 

(lijw  portion  of  this  organ. 

(instric  digestion  in  so! i pedes  is  more  important  than  one  might  \m 
to  »npjK>se,  and  continues,  to  a  certain  extent,  from  one  meal  to  the 
fit'Xl,ns  the  resiflne  remains  in  the  stomach  until  the  next  one  is  taken, 
Jiml  llierefure  the  stomach  does  not  completely  empty  itself  alter  twenty- 
four  hours.  The  chanieters  of  tliis  residue  will,  of  course,  vary  with  the 
nature  of  the  food.  Tims,  tlie  contents  of  the  stomach  after  feeding  with 
it*  is  a  dried,  crnmbiing  mass,  containing  CO  to  70  per  cent,  of  water. 
T  feeding  with  hay  the  iiercentage  of  water  may  be  as  much  as  80 
tctmt.  The  reaction  is  always  acid. 
Gastric  juice  obtained  as  alwve,  by  the  method  of  Ellenl>erger  and 
Hofmeister,  rapidly  converts  starch  into  sugar,  although  the  feruient  is 
I  Ot»ldi*rive<l  from  the  stomach,  bnt  from  the  swallowed  saliva. 
^^  The  change  of  starch  into  sugar  goes  on  in  the  sttmiach,  as  is  proved 
^B|r  the  fact  that  gastric  juice  outside  of  the  body  will  turn  starch  into 
^W}?ar,  and  by  the  fact  thjit  after  feeding  starch  large  quantities  of  sugar 
^^Ky  Ije  found  in  the  contents  of  the  stomach.  Tlic  digestion  of  stiirch 
istnost  active  in  the  first  two  hours  of  digestion  and  stops  after  live  or 
911  hours,  when  tlie  |X!Tcentage  of  hydrochloric  acid  is  most  marked. 

When  dry  food  has  been  given,  the  conversion  of  starch  into  sugar 

UMty  continue  much  longer,  from  the  large  quantity  of  alkaline  saliva 

•'allowed,  and  may  go  on  in  the  left  half  of  the  stomach  even  while  the 

idos  is  digesting  proteids,  the  acidity  being  due  to  lactic  acid.     After 

inp;  witii  oats, as  much  as  tliirty-nve  grammes  of  sugar  have  l»cen  found, 

Jvc  to  eight  and  one-half  grammes  of  sugar  have  been  found  after 
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feeding  with  Imy,  Of  course,  tUU  does  not  represent  the  total  araoim 
formed,  as  a  prent  deal  will  have  heen  iibsr>rbed»  some  eonvert^tl  inl 
lactic  n€id^  and  some  will  have  passcnl  into  tlie  small  intestine,  ( 

Ellenherger,  Hofmeister^  and  Ooldsehniidt  found  that  the  natnrjiH 
mixed  Siiliva  of  the  horse  possessed  a  stionirer  aniylolytic  action  tin 
the  artiricially  combined  separate  salivary  seeretions;  and  tliat  ea^ 
s^eparate  salivary  secretion,  thoujirh  highly  amylolytic,  was  less  so  tin 
the  mixed  secretions;  and,  finally,  that  the  conversion  in  the  horsfi 
stomach  of  starch  into  dextrin,  sun^ar,  and  lactic  acid  oi^urred  to^ 
i^reater  degree  than  oonld  be  attribntalile  to  the  fermentative  action  l 
the  saliva  alone*  The  conclusion  is,  therefore,  drawn  that  in  the  horsn 
stomach  aniylolytic  digestion  is  aided  by  ferments  develo[>e<l  in  t| 
alimentary  canal  and  in  the  food  itself  This  latter  statement  is  co( 
firmed  b}'  the  fact,  alreaily  mentioned,  that  Hol'meister  has  found  in  ad 
an  amylolytic  ferment,  which  is  destroyed  at  the  temperatnre^of  Mlii 
water,  hut  which  is  active  at  the  body  tt-mperalnre,  thus  explaining  t( 
fact  that  more  starch  is  converted  into  sngar  in  the  stomach  tliwi  ^ 
attributable  to  the  action  of  the  salivary  ferment  alone*  Finilll 
Goidschrnidt  has  found  that  the  dij^estion  of  stivrch  in  the  horse  I 
aided  b}^  aniylolytic  ferments  derived  from  the  air,  which  lire  t^kh^ 
with  the  saliva  in  the  month,  and  which  rapidly  develop  in  Uie  art 
mncns  ' 

In  the  horse *9  stomach  vegetable  albumen  is  mpidly  digeflteil  til 
turned  into  peptone,  which  increases  in  amount  wnth  the  dunition 
digestion.  After  a  larire  meal  the  peptonization  is  at  first  sUgbl, 
the  glands  cannot  form  acid  and  iicpsin  fast  enough  to  digest  n 
racal  raiiidly.  If,  then,  another  meal  is  taken  l*efore  the  firwt  is  d\^f^^ 
the  former  food  is  forced  in  an  undigested  state  into  the  intwtiii^ 
After  a  moderate  meal  the  digestion  reaches  its  nuiximum  in  thrwfl 
four  honrs ;  in  other  words,  digestion  is  then  complete.  The  htp 
quantity  of  pc[>tone  is  found  in  the  stomach  after  oats  have  l»eeii  p^ 
than  after  feeding  with  hay.  Five  to  forty  grammes  of  peptone*  ^ 
been  fotuid  after  oats  have  been  given,  while  only  at>out  six  ^rm^ 
were  found  six  hours  after  fccrling  with  hay.  Of  course,  these  few* 
do  not  indicate  the  total  amount  of  peptones  formed,  since,  pro^Wy* 
large  portion  would  he  absorbed  almost  as  mpidly  as  formeti  A«  M 
absorbs  four  times  its  weight  of  saliva,  it  is  readily  digesteil  ul  ^ 
w^itbout  water,  but  the  digestion  then  becomes  slow.  Colin  *dmii»i«W* 
twenty -live  liundred  grammes  of  hay  to  a  horse,  and  then  killc<l  N 
On  13^  seven  thousand  gnimmes  of  material  were  found  in  the  ^0^' 
representing,  therefore,  but  little  more  than  one-half  the  amount  p^ 
since  the  two  thousaml  five  hundred  grammes  of  hay  would  havcibsorl* 
ten  kilos  of  saliva.     Of  this  residue  only  one  thousand  grammes  wtn^ 
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lie  remainder  bad  passed  into  the  intestine.  Other  animnls  killed 
!er  iH?riotlH  after  inenh  showed  tlic  passage  of  the  food  IVom  the 
L^stoiuiu'li  into  the  iiitestiue  was  not  as  rapid  toward  the  end  of  tlie 
^kl)ist  as  at  the  eoiamencenient-  There  appears,  tberefore.  to  l»c  two 
^^penotis  ill  the  digestion  of  hay  in  the  hurse:  In  the  first,  the  niateritdw, 
^^  wtftouiK.ilmost,  as  they  enter  the  stomaeb,  are  nipidl3*  pushed  into  the 
^ktestitie  by  the  food  that  comes  later;  iu  the  second  period,  towanl 
i^tkeinl  of  the  meal,  the  sojourn  is  more  prohm^ed,  and  ehymirieation 
^  i*,  therefore,  more  perfect.  The  gastric  digewtion  of  hay  a[ipearB  to  lie 
^■Ibbreviated  by  the  ingestion  of  water,  as  the  water  carries  into  the 
^^Imestine  a  good  deal  of  food-  Digestion  of  Ijay  does  not  ajjpear  to  lie 
uioditii^d  l>y  i»revioos  chopping* 

W lien  oats  n re  given  as  ibod,  at  tlic  commenx^ement  of  the  meal,  a 
urt  always  passes  into  the  intestine,  but,  as  oats  only  absorb  a  little 
ore  tliuii  their  own  weight  of  saliva,  the  volume  never  becomes  as  high 
iwlii'ii  fmy  is  eaten.  Colin  reports,  also,  the  following  ex[)eriments  : 
iionse  which  had  received  two  thousand  five  bundrL*d  g  run  lines  of 
uras  killed  two  honi-s  after  the  commencement  of  the  meal.  The 
omaeb,  which,  logetln'r  with  the  oats  and  saliva,  hsid  received  live 
oiisand  grammes  of  material,  was  now  found  to  contain  six  thousand 
md  evenly  grammes,  the  addition  btnng  derived  from  the  gastric  juice 
lid  tlie  i^aliva  which  hud  been  swallowed  during  the  mcah  Here,  also, 
*o  {inn  logo  us  periods  may  be  made  out,  but  less  accented  than  when 
Iv  is  the  fo*xL  It*  therefore,  »eeni9  evident  that  small  meiUs,  frequently 
^Jfattnl,  wi>nld  serve  to  render  the  gastric  digestion  in  soHpedes  more 
rfect.  Thus,  in  Paris,  according  io  the  statcincnt  of  Colin,  the  horses 
I  Ihe  omuilnis  service  make  six  meals  from  4  a.m,  to  9  r.M.,  and  en  eh 
PtLese  meals  has  three  hours  for  digestion,  with  the  exception  of  the 
.  wliirh  has  six.  Water  is  only  given  when  hay  is  incbnle<b  and  not 
(other  tinK'S.  It  follows  that  gastric  digestion  is  not  of  equal  iniixjr- 
ee  for  all  kinds  of  food,  and  it  is,  therefore,  possible  so  to  distribute 
leonstitiients  of  a  rneid  as  to  allow  of  a  longer  gastric  digestion  of 
wliich  have  a  greater  ]iereentagc  of  albuminous  bodies  uud  enrbo- 
Imtes  than  bay.  Therefore,  in  the  feeding  of  a  horse  es[>ecial  atten- 
I  should  Ihj  given  to  t!je  sequeiice  or  to  the  order  in  which  the  ditierent 
rjfeititnents  of  the  horse^s  meal  follow  each  other, — a  faet  which  is  of 
fti^nter  importance  for  the  horse  than  for  man,  the  earnivora,  and  the 
[Ittninants,  in  which  all  the  constituents  of  a  meal  may  be  kept  in  the 
Nfjnmch  until  tlie  digestion  is  completed.  Experience  has  shown  that 
l^'oats  are  given  first,  subsequent  eating  of  hay  forces  the  oats  into  the 
it^tiries  liefore  the  digestion  of  the  latter  is  complete  ;  conse(iuently, 
'If  l^vcn  after  hay,  the  sojourn  in  the  stomach  is  much  more  prolonged, 
lliie  the  hay,  containing  a  minimuui  of  albuminous  mutter,  niay   be 
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paitially  digested  in  tlic  stomach,  and  its  subsequent  changes  completd 
in  the  intestines.  Consequently,  oats  should  always  succeed  the  admin- 
istration of  hny  in  the  tee<1ing  of  horses.  So,  also,  water  slitjuld  iiotl>e 
given  ftllter  a  meal  of  oats  to  the  horse,  or  else  it  will  wash  the  oats  out  of  I 
the  stoniaeli  before  digjestioii  is  completed.  Consequently,  the  wfiler 
should  jircccde  hay,  and  both  hay  and  water  should  precede  tbe  adtDifi- 
istration  of  oats. 

Tlu^  short  time  that  food  remains  in  tlie  stomach  is  pmhabljthe 
i*eason  that  the  horse  does  not  readily  digest  animal  food,  aitliougb  in 
the  Tartar  stepi>es  it  is  stated  that  horses  become  accustouied  to  a  mart 
diet. 

In  addition  to  true  digestion,  fermentative  processes  also  occur  in 
the  stomaoh,  especially  in  the  earlier  stajjes  of  gastric  digestion,  wheo 
the  hydrochloric  acid  is  absent  or  present  only  in  small  amouats.  It 
has  lK«en  shown  that  hydrochloric  acid  is  always  in  small  aroonntin 
the  a'so|>lirigeal  sac,  ami  in  this  lorality  lactic  acid  fermentation.  «s  well 
as  ferniuntation  of  cellulose,  undoubtedly  may  occur,  though  tlie  time 
which  the  food  remains  in  tliis  part  of  the  stomach  is  too  short  to  permit 
of  any  exttMisive  change  of  this  character.  It  will  l»e  ssubscqneidly  sliown 
that  till'  coiiilitionH  for  the  ft'rmenlation  of  cellulc^se  are  much  more  IjiVi ar- 
able in  the  intestinal  canal  of  tl*e  horse  than  in  the  stomach. 

7,  Gastric  Dksestion  in  Ritmi.vants, — Gastric  digestion,  which  b^ 
been  found  to  he  much  the  same  in  cnrnivora  and  solipeiles,  takes  <»ti 
a  new  form  in  the  ruminant  animals^  and  although  the  general  result ^^f 
gastric  digestion  is  the  same  in  all,  siieciid  means  are  concerned  in  l^'^' 
accomplishment  of  this  result  in  the  ruminant  that  are  not  seen  innin- 
nuds  with  a  simple  stomiieh.  This  complication  is  practically  due  to tlic 
preliminiiry  and  accessory  changes  which  occur  in  the  food  Wlbre  it  •* 
subjected 'to  tlie  action  of  gastric  juice.  Hence,  the  changes  in  i\iif^ 
three  compartments  of  the  stomach  are  without  an  nnalogue  in  tlicintstn'' 
digestion  of  monogastric  animals,  while  the  fourth  stomach  rfprrwiiK^ 
exactly  the  process  that  takes  i>lace  in  this  viscua  of  the  latter  class  of 
animals. 

Although  the  four  gastric  reservoirs  of  the  ruminant  are  anat^n*'* 
eally  connected,  they  are,  to  a  certain  point,  functionallv  isolakni,  ^ 
one  of  them  having  tolerubly  distinct  functions  to  fulfill.  The  fir^lt1»i^ 
are  concrnicd  in  tiie  storing  of  footls  and  liquids  in  rumination,  wliil'^"' 
the  fourth  alone  true  digestion  takes  place.  This  may  occur  duri^ 
rumination  or  during  inaction  of  the  first  three  stomachs. 

The  rumen  receives  almost  all  of  the  aliments  when  swallowed  ft* 
the  first  time,  the  greater  pnrt  of  liquids  drunk,  and  a  cons^idcTiW' 
portion  of  the  results  of  the  second  mastication  (Fig.  153).  li  fc<*P 
them  stored  up  for  a  certain  time  in  its  interior,  where  they  become  that" 
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ly  maeerated  and  soaked  in  fluid,  jind  from  wlikdi  tliey  are  forced 

i  the  cBdophagus  during  ruaiinatioii  or  into  the  houey-eomlj  bag  dur- 

\Qg  the  intervals  of  rumination.     It  is  evident,  tlierefore,  tlmt  t!ie  food 

contniued  ui  tlds  pouch  may  undergo  changes  due  to  the  movements  to 

wuich  it  is  subjected,  the  temperature,  and  the  action  of  saliva  and  other 

duiUs.    Tlie  ehanges  are,  then-fore,  jihysieal  and  cbemicul.    The  walls  of 

>Uit  rumen,  by  their  contnietions  and  resulting  movements,  nmy  exert  a 
Hfou^ide ruble  amount  of  mechanical  force  on  the  alinieiUs  contain lhI  within 
h, illbougli  this  has  l>eeii  greatly  exaggerated.  Nothing  like  trituration 
ffkti  place,  but  s  leu  ply  thorough  mixing  of  the  new  and  old  food  together 
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w<i  with  fluid ;  consequently,  it  is  not  necessarily  the  portion  of  food 

^■*liitvli  first  enters  the  jiauneh  which  is  the  lirst  to  leave.    The  maoemtion 

flitch  the  food  undergoes  in  the  fluid8  of  the  paunch  is  esjiecially  marked 

intiiecase  of  grain  and  drj^  fodder,  and  is  greatly  aissisted  by  the  tem- 

fcperature  of  the  organ, 

™  The  fluids  contained  in  the  rumen  consist,  in  a  great  part,  of  water 
*liieh  has  Ijeeii  drunk  and  a  large  quantity  of  saliva,  which  is  swallowefl 
witlithe  lirst  mastication  and  in  the  intervals  of  the  act  of  rumination. 
Tlieminen  has,  however,  no  secretion  of  its  own,  since  no  secretory 
g^ods  are  found  in  Its  walls.   Its  reaction,  a^^  already  stated^  is  generally 
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alknline,  and  is  derived  from  tlie  saliva.  Occasionally^  the  reliction 
the  riinieo  may  he  foinul  to  he  rici<i.  This  may  be  due  to  rermeiiUtioil 
oecuri'inir  in  the  eon  tents  of  this  organ  ^  and  is  especially  seen  in  mir>iu| 
calves^  in  antnmls  fed  on  routs^  and  in  eases  uf  faulty  dige^tiou. 
nearly  alwa^  s  occurs  in  animals  fetl  on  green  fodder,  where  the  coDditiam 
are  favorable  to  the  fermentation  of  8iiu;ar  Oeeasionally,  also,  the  r*«^ 
tion  of  the  rnmen,  whieh  may  1h?  found  to  lie  arid  after  deaths  is  dut?  tut 
the  re<2:urgitfUion  of  the  contents  of  the  fourth  Btomach  intu  the  firit 
three  coinpartraents.  In  the  rumen  the  con<litiuns  are  especially  (krof-^ 
able  for  tire  tligestion  of  €arbohv<l rates,  for  the  conditions  are  favumlilf 
for  the  action  of  saliva,  which  is  thus  enabled  to  convert  starch  inU* 
sugar.  Cellulose,  also,  is  said  to  be  digested  in  the  rumen  througb  fer- 
mentative |)rocesse8  to  as  mucii  at*  <T0  to  71>  i*cr  cent.  Salts,  sugar,  id uciv 
lajje,  gum,  and  other  sohible  substances  may  be  dissolved  out  of  the  f«Kid 
while  in  tlie  rumen,  and  so  prepared  for  absorption.  No  peptonizHtioii,.( 
however,  oecurs  j  for  all  the  varitMis  Imses,  salts,  and  albuminoids  wjiicli 
may  be  detcctetl  in  the  contents  lA'  this  organ  come  solely  from  the  fixMl 
and  the  secretions  and  liquids  which  have  been  swallowed,  ami  not  from 
any  secretion  ponreil  out  by  the  rumen  itself.  The  function  of  the  ruuiefl^ 
is,  therefore,  simply  to  act  as  a  reservurr,  in  which  the  food,  after  Umf; 
swallowed,  is  collected,  undergoes  maceration,  and  is  again,  from  time  la 
lime,  returned  to  the  mouth  for  a  second  mastication.  In  this  organ  t lit 
food  I>ecomes  sortenc<l,as  the  result  of  impregnation  with  licjuids  wanQt*iI 
to  the  temperature  of  the  body. 

The  funetioual  imt>ortance  of  the  rumen  is  not  equally  marked 
all  periods  of  life.  This  is  especially  seen  in  suckling  animals,  sneh 
calves,  in  whom  the  runieu  is  eajjable  of  containing  one  thousand  oxm 
hundred  an<i  sevcuty-rtve  gramnics,  the  reticulum  one  hunclreiK  til 
many] dies  one  hundred  and  sixty,  while  the  cubic  c-a|iacity  of  tin 
aboinasum  may  amount  to  three  thousand  five  hundred  grammes  f Colin 
Hence,  digestion  in  the  suckling  rtnuinant  is  accomiilisheil  almost  solely 
by  the  fourth  stomachy  and  tlie  rumen  does  not  acquire  its  gr^mt  prd 
portionate  sijtc  seen  in  the  adult  ruminant  until  the  animal  conuueueeft 
live  on  a  solid  vegetable  diet. 

Altbougli  the  reticulum  may  be  regarded  as  an  appemlage  to  tl 
rumen,  with  which  it  communicates  In'  a  large  opening,  it  also  has 
Sfjeclal  function  to  fullill,  which  appears  to  Ijc  uniform  in  all  rnmiiiantJ 
It  constantly  contains  tlnid,  since  its  base  is  on  a  much  low*er  level  tliai 
the  openings  into  the  Urst  and  third  stomachs.  Fluid  can,  tlierefon 
only  leave  this  compartment  as  a  result  of  its  own  vigorous  eontrnctionj 
Buch  as  precede  the  insertion  of  the  end  into  the  a^sophagus  for 
nation. 

The  function  of  the  a?sophageal  canal  is  to  assist  in  the  transfer  oJ 
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the  contriits  of  tlie  reticulum  into  the  man3*i>lies.  Tlie  entrance  of  tlie 
fouu-nls  of  tbt*  rumen  thnjugb  t!ie  t'ontnt€ti<iii  of  its  wnlls  into  the 
rt'ticitkim  leadn  to  a  eontmction  of  the  inuseular  wulls  of  tliii?.  coiii|i:irt- 
roent,  and  the  materials  contained  in  it  are  tlirown  up  against  the  edfjea 
of  tlni  ffisojdiageul  ^rutter,  Throngli  this  contact  the  a^sophatjeal  pillars 
shorten  so  as  to  draw  op  the  o[»euing  into  the  niauy^dieH  nearer  to  the 
wtiLuiltim,  at  the  same  time  tnrning  sjii rally  on  their  own  axes,  the  left- 
lintul  pilbr  heing  extended  downward  and  to  the  right,  Tlie  eontents 
of  tlie  retienlum  thus  lind  a  means  of  reaih^  entrance  into  the  manypiies, 
large  )iartiele8  tieing  straijieil  oil'  l»y  tlje  ]m|)illa*  at  the  oriliee  of  the 
niftnyjilie*.  and  falling  liuek  into  the  reticulum. 

Although  the  relietilum  receives  all  the  matter  swallowed,  its  small 
size  prevents  it  from  retaining  more  than  a  small  portion,  the  remninder 
Iwing  forced  into  the  rumen  and  nianypHes^  the  fluid  and  linely  divided 
wikls  alone  entering  into  tlie  latter  on  account  of  the  small  size  of  the 
<?oinniuijicnting  orilice.  Itsi  fnnctit>n,  therefore,  is  to  assist  in  rnmin»tion, 
|wrticiilju*ly  hy  supplying  tlie  Unids  which  ascend  the  lesophagns^  nnd  hy 
•is ctHitraction  aiding  in  the  ascent  of  the  cud  and  in  keeping  np  the 
ciftnlation  Wtween  the  contents  of  the  first  and  second  stomachs.  It 
«lNf)  has  no  secretion  proper,  ami  the  fluids  fountl  in  it  have  the  same 
source  and  same  functions  as  tliose  found  in  the  rnmen. 

If  one  could  judge  of  the  importance  of  iin  organ  hy  its  comiilcxity, 

*^»e  fimctions  of  the  p^^alter  would  phiy  an  especially  im|>orttujt  role  in 

'    the  gaatric   digestion   of  the   rumiimnt.     In   this  compartnient  of  tlie 

^p<»inacli  the  o])enings  are  always  narrow,  are  alwa^^s  close  together,  and 

^pt'l'othon  the  uppermost  portion  of  this  organ,  while  the  free  borders 

^^^V  its  folds  are   directed   downward;    consequently,  the  man3  plies,  liy 

^Bbiiit  of  its  folds  and  the  narrowness  of  its  openings,  the  one  into  the 

^pnrtb  stomach  l)eing  closed  hy  a  powerful  muscle  and  numerous  large 

T**pflhe,  like  a  sieve,  strains  otrsolitls  and  flelays  the  passage  of  aliments 

*^to  the  true  stomach.     The  mnscnhir  flhres  which  run  in   the   larger 

*oHs  are  inserteil  into  the  borders  of  the  orifice  between  the  many  plies 

^nd  reticulum.     When,  tlierefore^  the  sphincter-muscle  of  tins  opening 

*^Orjtraets,  after  the  entrance  of  the  contents  of  the  reticulum,  the  folds 

•'^ftimaltaneonslv  drawn  up,  and  the  food  is  thus  forced  up  to  the  base 

^f  these  |»artitions.     At  the  same  time,  through  the  contraction  of  its 

^sills,  the  posterior  extremity  is  drawn  forwanl  so  that  the  pr<»longation 

*^f  the  cesophageal  canal  Ijecomes  almost  |>erpendieular  to  the  opening  of 

V*e  third  into  the  fourth  stomach.     By  this  process  not  only  the  fluid  in 

Mie  <P8opliageal  canaK  but  a  portion  of  the  food  previously  in  the  mriny- 

PUe»  mnv  enter  the  rennet.    The  contraction  of  these  folds  does  not  take 

Waee  only  during  rumination,  l>nt  alse  during  its  intervals  ;  the  water  in 

|b%  contents  of  thi^  compartment  is  then  pressed  out,  and   the  residue 
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foiiiui  ill  tills  stouiaeh  nfter  deatii  is  alwaj-s  dry,    TLie  mucous  membmne 

is,  however,  entirely  incnpable  of  absorption,  and   tho  dryness  of  it» 
coil  tenths  cainiot,  therefore,  be  explained  as  due  to  tlie  eiitnince  of  tiie 
lliild  from  its  contents  into  tlic  blood.     Tbe  psalter  likewise  rurnisUe^  no 
seeretioti  of  its  own,  and  the  cUiuiges  which  oeour  in  its  contents  n re  due 
siiujily  tu  tiie  intlneuce  of  the  siiliva  and  the  fennentative  proeess  whidi 
occurs  ill  the  two  preceding  stoinachs.     Its  reaction  is,  ho\Tevt*r,  ofl*^ 
aeid,  evidently  due  to  the  regurij^itation  of  tlie  duids  from  the  tmrik 
stomach*     It  is  worthy  of  note  that  In  the  Hama,  the  camel,  and,  lo  i 
Jess  extent,  in  tiie  sheep  the  folds  of  tlie  membrane  in  tiie  third  itomach 
are  but  slightly  developed,  and  there  is  no  constriction  betweea  the  tliini 
and  fourth  stomachs,  while  the  opening  into  the  retieuUitn  i**  partieniarlj 
narrow.     Tliis  nmy  |>ossibly  serve  to  jjrevent  too  great  *lrvnesa  of  ik 
coutents  of  this  eomiiartment  in  these  aninmis,  wUicli  arc  so  freijUi^ntif 
deprive<l    of  water.     Where   obstruction  of  the  Btoiuach  occurs,  iS  li 
nearly  always  to  be  found  in  this  eompartmcut. 

The  action  of  the  first  three  stomneiis  is  raereh'  preparatory  to 
dijrestion.  It  is  only  in  the  fourth  stoumch  that  true  dlgestlou  IaI^^^ 
place.  Its  «eeretin«^  membrane  is  four  or  five  times  as  extensive  aiW 
of  tlic  right  half  of  the  stomach  of  the  horse,  and  is  rehitivt4y  lessiiitltc 
llama  and  droinedar3^  than  in  other  rnminauts.  The  gastric  setTctiog 
membrane  is,  api>arently,  in  all  resjpects  similar  to  what  baa  alreaii}' to 
descrilied  in  other  aninmla,  although  the  amount  of  pepsin  and  iicM  io 
the  gastric  juice  of  ruminants  is  less  than  that  found  in  tliis  set^retitiiiof 
carnivora.  Paiili  sti\tes  that  extracts  made  from  the  glandular  iK^nio^ 
of  the  fuudus  of  the  fuurtii  stomaeh  of  tbe  ox  possess  a  nnich  ^tqaH^ 
digestive  power  than  similar  extracts  nuide  from  the  pylorie  poftbn! 
in  other  words,  the  amount  of  acid  added  being  the  same  iu  l>oll»  i"*^ 
that  the  glands  of  tlie  pylorus  are  poor  in  pepsin,  the  glands  of  liie  toJw* 
rich  in  pei>sin  ;  und  that  the  small  amount  of  pepsin  in  the  (tyloric  (Kif^ 
tiou  is  alnnmt  incapable  of  extraction  with  glyc^^rin^  but  is  removed  bf 
hydrochloric  ncitl  and  hy  common  salt  solutions.  Patili  would  inA^ 
from  these  statements  that,  the  histological  strneture  of  the  rumimttit^ 
stomsich  being  similar  to  that  of  other  inammab,  the  so-i*alled  eltit?f  c<?lJ* 
are  not  the  peptic  cells,  but  perhaps  are  concerned  in  the  elalnvnUbfl <»' 
other  ferments,  while  the  associate  cells  are  tl»e  true  peptic  eell^.  "* 
have  already  in  another  place  discussed  the  grounds  for  atiributiuijl'i* 
acid  of  the  gastric  juice  to  the  action  of  the  associate  eelii*. 

Since  tlic  aliments  enter  the  stomach  but  slowly  and  gradually**** 
some  already  in  a  fluiil  state,  digestion  in  the  stomach  occurs  under th* 
most  favorable  circumstances,  and  is  rapidly  completed.  The  pvloriisi* 
narrow  and  guanlcd  by  a  powerful  sphincter,  thus  resembling  tbto' 
carnivora  in  contradistinction  of  what  has  been  noticed  in  theborsc^*» 
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res  to  keep  back  the  aliments  that  are  not  thoroughly  digested     In 

btT  respects,  gastric  digestion  in  nnpiimnts  is  Biiiiibr  to  Unit  seen  in 

lit^rammals.    In  otlier  wurds^  albuminoids  are  convetlL'd  into  jieptones; 

Attn  is  dissolvefl  and  converted  into  a  ditl\isible  gelatin  peptone,  and 

.  is  coagidnted  and  its  casein  i^  ei>nvertcd  into  pejdoneH.     Adiivose 

sue  is  dissolveci  ami  tbe  oil  inK?rated  and  iiartially  split  up  into  fiitty 

nds;  cane-sugar  is  sliglitly  converted  into  inverted  sugar  through  the 

iction  of  the  acid  ;  stareli  whicli  bus  escaped  luMng  eonviTtenl  iiitu  Kujrar 

lirough  the  action  of  saliva  in  tlie  rumen  [mt^ses  into  the  intestine  to 

siteted  on  by  the  intestinal  accretions^  for  the  degree  of  acidity  of  the 

Mtrie  juice  is  sutflcient  to  intcrtere  with  the  diastntic  action  of  ptyalin, 

iL^tric  digestion  in  ruiuinants  is  mucl»  more  eoniplieated  Ihnn  in  other 

mm&la,  and  comprises  a  series  of  operations  which  arc  carrie<1  on  partly 

iliffinltnneousl}*   and   partly  alternately.     The  two   tirst   reservoirs   are 

IfonctTaed  in  rumination  and   in  the   maceration   of  food.     The   third 

kuniieh  lias  nothing  to  do  with  rumination^  but  acts  as  a  strainer  and 

t'Teuts  substances  passing  into  the  fourth  stoninch  until  sulliciently 

['eommiuiited  and  softeued  to  be  sulyected  to  the  action  of  gastrie  juice, 

wtiile,  finally,  tbe  fourth  stomacli  is  the  true  digestive  organ,  in  which 

th*f  ttllMiminoiis  contents  of  tlic  food  are  converted  into  peptone.     It  is 

[thuBseen  that  gastric  digestion  in  the  ruminant  is  much  more  complete 

tbn  in  otijer  herbivora.     Tlicrefore.  gastric  digestion  in  tbe^e  animals  is 

pNonnnant,  while  intestiual  digestion  is  simidilied. 

8.  Gasteic  Digestion  in  Birds. — Gastric  digestion  in  Inr'ds  dilfera 

JTery  essentially  from   that  of  mammals^  the  difl'erence  being  ile[>endent 

Un  the  dUTerence  of  plan  on  winch   the  alimentary  tract  is  constructed, 

J  digestive  parts  are  simplest  in  birds  of  pre}',  such  as  the  owl,  the 

nxxard,  and  hawk.     Tlie  cesophagna  is  large  and  dilatable,  and  is,  as  a 

nile,  not  s.np)>li*'d  with  a  crop.     It  is  continuous,  without  any  marked 

^^ine  of  demarcation,  with  the  small  longitndinal  stomach,  whieli  tnkeson 
i  trsuis verse  curve  where  it  ends  in  the  small  intestine.  AVhere  the 
(^opliagus  terminates  it  has  a  calibre  ahnost  as  great  as  the  stomach, 
^otbnt  tlie  latter  seems  simjily  to  lie  a  prolongation  of  the  a*so|diagus. 
Tlie  3iii>enor  limit  of  the  stomach  is  marked  by  a  liaud  of  large  glands, 
iftiich  may  often  be  seen  from  the  outside  of  this  organ,  and  which 
fibost  seem  to  resemble  the  agminated  glands  of  the  smnll  intestine  of 
thetrmmmaL  Beh»w  this  the  stomach  contracts,  and  iigain  dilates  to  a 
i><>Te  or  less  globular  pouch,  and  again  becomes  contracted  and  united 
'^ith  the  small  intestine.     Tbe  pyloric  orifice  in  birds  of  prey  is  very 

I  In  gallinaceous  birds,  such  as  the  cock,  the  turkey,  and  the  pheasant, 
^^e  gullet  dilates  at  the  lower  portion  of  the  neck  (the  crop)  and  then 
Contracts,  to  again  expand  and   form  the  ventricuhis,  which  has  thick, 
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glandultir  walls ;  then  comes  tLe  gizznrcl,  eomi>osed  of  two  thick*  re^ 
striped  muscles,  etivered  iiiterimlly  with  a  thick,  horny  epithelium. 
The  gastric  parts  of  this  class  of  birds  are  therefore  divided  into  three 
seetionR — first,  the  crop,  to  act  as  a  reservoir,  in  which  the  food  is  mucer- 
ated ;   from  this  it  in  pushed  gradually  into  tlie  (*ccond,  the  stoujaeh,  in 

which    it   UJidergoeA  gablric 
digestion        siniuitaiieoaaly 
with  tlic  process  of  triturn- 
tion  which  occMirs  in  thivgi^ 
zjird*  or  the  third  digesslive 
eonipartmcnt      {Fig»    I5i). 
OraiiiH,  etc.,  which  form  tli« 
food  of  gallinaccons  birch, 
Jirst  go  into  tlje  crop,  whicli 
they  tlintcnd,  and  in  whicii 
they    accnmnlnte  in  consid- 
eralile  qnnntity.      Mare  ihe 
ft>od  becomes  sorienetl  lurf 
takes  on   an    acid   reunion. 
A  com |>a rati vely  profni«e  se- 
cretion is  ponred  out  in  ito 
poneh,     whose     proiierto 
have    not    lieen    thoroitghiy 
investigated-     By  inserting 
snbHtances    into   tlie  crop* 
Spallanzaui     oblaiiieil    *>«c 
ounce   of    fluid    in    twi?lv« 
hfjurs    from    the  crop  of  ?» 
pigeon, and  seven  ounce* of 
the  fluid  from  a  gniiicHhfn; 
but   although   this  fluid  i* 
til  us  poured  out  in  coDsid* 
erablc  annuuit,  it   do^  ""^^ 
appear  to  l>e  very  active  in 
soltciiing    the    foml.     l^^ 
not  known   that  this  sifW" 
tion  has  any  digestive  |ifoi^ 
erties,    although    it    m^*"* 
probable  that  stan*h  wouW 
here  be  converted  into  sugar,  since  grain  remains  in  this  compHrtmriin^'' 
twelve  or  thirteen  hours,  or  even  much  longer.     After  leaving  lhcc^«»^ 
the  fofid  then  passes  into  the  ventriculus  and  gizzanl.    The  vent 
supplied  with  a  large  number  of  tubular  glands,  which  secrete  an 
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When,  however^  the  food  comes  in  contact  with  this  secretion*  it  hfisnot 

yet  V>et.*n  criishe<l  or  comniimiterl ;  t-onsetiuently  it  i«  incapiiblc  of  imng 

acted  un  by  the  gastric  juict%  wliicli  in  powt-rJess  to  iligt^st  cellulose  mt^m- 

braues.     The  contact  of  the  foixl  with  the  wnib  of  the  ventriculus  lemls 

to  the  pouring  out  of  a  profuse  nvhl  secretion.     Bitthetl  witli  this  fluid, 

the  fciod  then  enters  the  gizzard,  where  it  is  reiluceti   hy  crusliing  t<j  a 

homogeneous  pulp.     The  gizzard  hjis  thick,  muscuhvr  wjiIIh,  with  a  hard, 

Wriiy  epithelium  lining  it,  aucl  is  L'ii|i!ihle  cif  exerting  very  great   force. 

Tims,  it  hns  l>een  stnted  tlifit  ir<in  IuIm^s  cjqmbie  of  supporting  a  weight 

of  live  hundred   and  thirty-five   ijounds   were   cou*plctely  ti^ittened   out 

after  passing  through  the  gizzard  of  a  turkey.     This  crushing  is  iudis- 

l^nsahlc  for  the  digestion  t»f  grains,  ami   is  aided   liy  the   inesence  of 

gravel,  etc.,  almost  always  to  be  fuuud  in  this  organ. 

Ift  enrnivi)roiis  birds  gastric  tligehtion  is  simpler  than  in  the  her- 
Iwom.  Such  binls  swallow  their  prey  entire,  if  small  enough  to  enter 
tlie  beak  and  oisophagus :  if  not,  it  is  torn  with  the  benk  small  enough 
to  be  swallowed ,  and  then  the  skin,  hair,  feathers,  and  all  are  carried  to 
the  stomach  with  the  flesh.  As  there  is  no  crop  in  such  birds,  and  the 
vehtriculus  is  but  hiintly  distingniKhed  from  the  gizzard,  which  is  com- 
jRinuively  suudl,  and  whose  walls  hiive  liecome  Ihiri  and  almost  mem- 
hituoti!^,  we  have,  therefore,  a  simple  t>rt>t''es8  of  gastric  Rolution,  sinc€ 
^ti*?  jrizzfir^l  has  lost  its  crushing  imwer.  The  solvent  power  of  the  stom- 
M^li  of  eiiniivorons  binls  is  very  rapid  and  iiowerful,  muscles,  tendons, 
ftnrf  cartilages  licing  rapidly  dissolved.     After  about  eighteen  or  twenty- 

ICotiT  hours,  bones  and  matters  which  have  escaped  digestion,  or  wliieh 
I  "f**  iji^iiffleieutly  dissolved  to  pass  into  the  intestine,  are  regnrgitateil 
tlirongh  the  mouth,  since  the  very  narrow  pylorus  present  in  carnivorous 
I  ^H%,  as  in  carnivorous  mammids,  prevents  the  passage  of  ever}  thing 
>^m*fit  fluids. 
There  exists,  again,  a  type  of  birds,  midway  between  the  purely 
^^nmivorous  and  the  gi*anivorous,  where  tlie  gizzard  has  Init  moderate 
iWiic'kness  and  power.  These  birds  also  vondt  indigestible  substances. 
Birds  have,  in  general,  a  very  uctive  digestion.  Some  may  make  as 
*iany  as  twelve  meals  a  day,  in  which  they  fill  not  only  the  stomach,  but 
*liM>  tlie  gullet,  pharynx,  and  beak,  especially  when  feeding  on  soft  sub- 
stances like  larva*  or  worms.  Their  appetite  seems  to  return  as  soon  as 
^here  is  the  leiist  i>lace  which  can  hohl  more  food.  The  diet  of  birds 
<^nnot  be  changeiL  The  birds  of  prey,  without  gizzard  or  crop,  cannot 
'eed  on  grains,  although  the  gallinaceous  birds  maybe  brought  to  accom- 
tUotUte  themselves  to  an  animal  diet. 

Colin  states  that  morsels  of  meat  fed  to  sparrows  appear  in  the  giz- 
tani  in  less  than  an  honr,  and  reach  the  intestine  within  an  hour  and  a 
kald  while  debris  of  food  may  be  fouud  in  the  fseces  in  four  or  five  hours. 
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IX.    DIGESTION  IN   THE  SMALL  INTESTINE. 

As  the  aliments  pass  into  the  duodL^HiiB,  after  being  suhjected  to 
tlie  action  of  gastric  digestion,  they  immediatt*lj  mingle  with  the  iki^ 
other  digestive  deeretions^^ — the  bile,  the  pancreatic  juice,  and  the  inUsi^ 
tinal  seeretion. 

I.  Bile. — The  bile  is  the  secretion  of  the  liver,  and,  strictly  speak- 
ing, occurs  only  in  vertebrates.     In  tiie  lowest  invertebrate  nnirnttls  it 
fluid  somewhat  analntroua  to  tlie  bile  is  poured  directly  into  the  intes- 
tine, as  the  result  of  tlie  secretion  of  celh  attached   to  the  intestinal 
mucous  membrane.     In  othera  it  is  formed  by  a  series  of  eonvoltJlcd 
tubes  surrounding  the  iutestine,  or,  it  may  be,  directly  surrounding  the 
stomach.     But  iiitliough  this  lluid  may  be  yellowish  or  brown,  it  is  not 
to  be  regarded  as  bile,  since  in  invertebrates  it  never  contains  the  specific 
bile  constituents,  bile  coloring-matters  and  acids,  and  tiie  glands  whicb 
form  it  ililfer  histuloijieally  from  the  liver;     In  all  the  invertebrate  the 
80*called  bile  is  directly  poured  into  the  intestine;  in  many  vertebmU^ 
however,  the   excretory  duct    is    in  communication   by   a  side  hnnch 
directed  obliquely  backward  from  tlie  course  of  the  duct  with  a  reser- 
voir for  the  bile,  termed  the  gall-bladder.     This  reservoir  is  present  in 
all  omnivora  and  cnmivora,  and  in  most  herbivora,  birds,  and  reptlieA* 
It  is  absent  in  certain  of  the  group  of  herbivora.     It  is  absent  in  the 
solipedes,  the  horse,  mule,  and  ass,  and  among  tht?  ruminants  in  thesta^, 
camel,  and  dromedary ;  among  the  pachydernmta,  in  the  elephant,  th^ 
rhinoceros,  and  tapir;  in  the  wild  boar,  and  in  certain  cetaceans ;  whiJ« 
iu  birds  it  is  absent  in  the  pigeon,  cuckoo,  paraquet,  and  ostrich.    Iti* 
also  absent  in  the  mouse  and   marmot.     In  the  horse  and  elephant  the 
gall-duct  is  dilated  to  form  a  sort  of  pouch.     The   ultimate  galWuets 
all  unite  to  form  a  single  trunk,  or  ductus  communis  choledochns,whidi 
in  many  nuimnls,  such  as  sheep  aud  goats,  communicates  with  the  excre- 
tory duct  of  the  pancreas  and  pierces  the  wall  of  the  duodenum  ohlitjuelv 
from  below  upward.     As  the  result  of  this,  an  increase  of  pressmt  ofl 
the  intestinal  contents  simply  closes  the  oritice  of  the  duct, and  regurgi* 
tatiou  of  intestiual  contents  into  the  duct  is  impossible. 

Iu  the  galbbladder  the  bile  l^ecomes  concentrated,  and  nutcin  i« 
added  to  it  as  a  result  of  the  action  of  the  secretion  of  the  mticow 
membrane  of  the  galldiladder.  Little  or  no  mucin  is  found  in  bik'coiB- 
ing  directly  from  the  liepatic  cells.  The  gidl-blatlder  is  necessJiry  in 
animals  whose  digestion,  as  in  the  carnivora,  is  internuttent.  It  ia  li« 
important  for  the  herbivora^  where  digestion  is  nearly  constant  The 
liver  ditfers  from  all  other  organs  in  its  blood-supply.  In  proi)ortinn 
to  its  size,  it  receives  luit  a  small  supply  of  arterial  blood,  and  althottgti 
an  immense  amount  of  blood  passes  through  it,  the  greater  part  n;achc* 
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iha  liver  tliroiigh  the  portal  vein,  indicating  tlic   functional  relation  of 
tlie  liver  to  the  process  of  intestinnl  digestion. 

1.   Tite  chemira!  ehariieteri»tir»  of  tlie  l»ile  have  heen  mositly  studied 

in  tbt'  fluids  foinnl   in  the  gjall-bladder  of  the  ox  and   in  that  ol^tained 

from  fistnlie  in  doj^s.     In  the  fresli  state,  bile  is  a  clenr,  thin,  or  more  or 

I  Jess  termeious  litpxid^  which,  witii   the  exception  of  epithelial  cells  from 

P%it  ^all-hladder,  eoTituins  no  morphologieal  elements.     It  ima  a   neutral 

or  jvlknhne  reaction.    When  fresh,  In  man  and  earnirora,  it  is  cif  a  golden 

yellow  or  greenish-brown  color  ;  it  is  green  hi  herbivora  (brownish-green 

in  the  horse  and  ox,  greenish-yellow   in  the    hog,  and  dark  green   in 

^luei)).     After  standinj^;^  exposed  to  the  air,  the  hrownish-yellow  bile 

lH!Comes  dark  brown^  and  the  greenish   bile  moie  intensified  to  a  dark 

green.    Bile  has  a  |ieculiar  bitter  taste,  and  when  warmed  a  ninsk-like 

LfttloT.    The  specific  gravity  varies  in  tliflerent  ixninials  from  \WH  to  1030, 

f%y  liighest    being  Ibnod  in   bile   taken   I'nmi  the  gali-14adder  of  man. 

Ox-bile  is  often  yellowish-brown,  thongh  usually  green    in  color,   and 

may  Ix?  either  clear  or  turbid  ;    it  is  alkaline,  viscid,  and    contains    a 

i  largi*  amount  of  mucin  ;  its  specific  gravity  varies  from    10l?2  to  1025. 

rfilieep^a  bile  is  usually  green,  is  odorless,  clear,  alkfdine»  and,  although  it 

contnins  muciiu  is  not  viscid;  specific   gravity,  1025  to  1031.     Cnlves' 

bileisgrcLti  or  yellowif^h-brown^  thongh  sometimes  golden  yellow  in  thin 

,  Itytrs;  it  is  clear,  odorless,  viscid,  ncutrnl  in  reaction,  and  contains  hut 

J  Kltle  tiniein ;  specific  gravity,  1020  to  1027.     Pig's  bile  is  clear  or  dark 

Jt'llo wish-brown  or  golden  yellow  (the  latter  when  dihited),  is  odorless, 

tlkaliiie,  contains  hirge  amounts  of  mucin,  and  is  therefore  very  viscid  ; 

ipecific  gravity,  1020  to  1027.     Dog's  bile  is  usuiilly  yellowish-brown, 

find  when  diluted  golden  yellow ;  it  may  l>e  either  neutrnl  or  alkaline, 

wntfiins  mucin,  and  is  cletir  and  odorless;  s[>ecific  gravity,  1025,     The 

jbikfjf  all  animals  may  be  kept  for  several  days,  even  at  a  high  tempera- 

Iture,  before  putrefaction  sets  in.     In  the  fresh  secretion  from  the  liver, 

ie solids  in  the  bile  of  the  cat,  dog,  and  slieet»  •'^nioiint  to  5  per  cent.,  in 

Uie  rabbit  2  per  cent.,  and  in  the  sheep  IJ   per  cent.     In  tlie  gall-l>hiddcr 

cat^,  dogs,  and  mbbits  the  solids  rise  from  2  to  20  per  cent.,  in  the 

tteep  to  8  per  cent.,  in  man  from  9  to  IT  per  cent.,  and  in  the  ox   from 

Uo  11  iM»r  cent,:  tlie  solids  in  tlie  bile  of  man,  the  pig,  and  the  ox  conwiist 

fooly  L5  i)er  cent*  of  inorganic  matter,  and  in  the  dog  only  3.0  per  cent. 
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Wlille  tlie  bile  is  entirely  iVee  from  proteids,  it  contains  Loth  organii 
antl  iijurganic  constituents.  The  former  group  are  represente*!  by  mucii^j 
a  compouinl  ofsotlitim  with  two  orgiiuic  acitls  (glycocbulii*  amltaun 
cbolic),  a  coloring  matter  wbich  undergoes  various  nxxUtications 
whose  origin  is  a  sonroe  of  eonsiiler;ible  interest,  leeilbiM,  smtUi  qtuuii 
ties  of  fiit  and  soap,  and  a  small  amouiit  of  diaslatie  fernieut.  TLe^^v  wil 
t»e  considered  in  turn. 

(a)  j\[ttf'iH. — Mucin  gives  to  bile  its  viscidity,  ii"d  is  the  prod  net 
the  mucous  glands  of  the  larger  hiie-ducts  and  gall-bladden     The  loH] 
the  liile  n-niaios  in  the  galUbhuhler,  the  larger  will  be  the  percentage 
umcin  Ibund  in  it,  since  the  mucous  cells  in  the  walls  of  tbit*  reservoi 
are  the  principal  sources  of  this  body*     In  the  bile  of  animnU  sufiplii 
with  a  gall-hladdcr,  nnicin  will  be  found  in  larger  nmuiints  than  in  ani* 
niftls  ill  whom  this  appendage  to  the  liver,  as  in  the  ease  of  the  bors«,i^ 
absent.     The  smaller  bile-<lucts  are  free  from  mucous  eells,&nd,a3  ncoff 
ise(iueiiee,  bile  coming  direct!}"  from   the  liver<'ells  contains  no  mudi 
The  longer  the  gall  remains  in  the  gall-bladder,  the  more  will  it  devmti 
from  its  general  character  when  freshly  secreted  by  the  liver-<:ell«,    Yel» 
low   bile  gradunlly  becomes  greetiinh,  and  its  eonsistenee  will  becoffll 
more  mtirked  tVom  the  a<blition  of  muens.     The  general  ehanicteristki' 
of  mucin  found  in  the  bile  do  not  differ  from  those  of  mucin  found  H*e» 
where.     It  may  be  precipitated  by  acetic  acid,  and  when  bile  coutaininf 
mucus  is  |)reci[iitateil  with  alcohol  it  loses  Its  viscidity. 

(h)  The  Bile  AvuIh. — The  bile  acids  occur  in  the  bile  in  the  fonD«f 
comijounds  with  sodium,  and  occasionally  with  minute  amount-"*  of  iJOta>- 
sium^to  Ibrm  glycocbolate  and  Uiurocholate  of  sodium,— two  salts  wliif^ 
are  highly  soluble  in  water.  The  rclfitive  proportifins  of  these  two  !»&1U 
vary  considerably  in  the  bile  of  miiny  animals.  In  that  of  man,  as  well, 
as  of  birds,  many  mammals  and  amphibia,  tauroehoUc  acid  i§  tto*j 
aluindaut.  In  other  nnimmals,  as  in  tlic  ]iig  and  ox,  Hoilium  gh<-ocbo- 
late  is  in  largest  amount,  while  the  tauroeholate  is  more  scanty.  IttUw 
Vrile  of  the  dog,  cftt,  bear,  and  other  earni vora,  tauroeholate  is  ahuo«t  ti^ 
sole  repn^sentative  of  these  salts,  while  the  glyeocholate  is  almost  i*utinJf 
absent.  In  the  bile  of  the  pig,  in  addition  to  these  two  §alts,  the  liyocbO" 
late  of  sodium  is  also  present. 

Tire  grill  of  ihe  hog  com  Tains,  hfjiirles  hyo^lyroeliolic  acitb  anoiiiff  oatlj 
lately  imkniiw^n  iickl,  which  uccurs  in  lari^er  quiintiiy  than  llu*  flr-jsi  known 
(Jolm).     It  is,  (nr  tliO  prcstrnt.  cnlkd  B  liyo^lycoCimli'c  acitl,     Ir  rs  with  d\" 
obliiiacd  pun\  as  neither  it  jwt  iit*  siiUh'  are  crysUlH/jible.     It  is  disiin: 
fnna  the  A-nciU  hy  its  brlmvi^jr  with  SMrunilcd  Bodiiuii  sulphate  snlmion, 
precipitates  the  e^cKHnni  saU  of  the  Aacki  iihnost  cfimplctclVt  and  in  at  rtn 
Umn,  'Whereas  the  sodium  sail  of  the  B-sicid  is  only  pirtly  prectpitiiictl, 
at   flrBt  eokiretb  and  easily    ^olulile  in  water.      Tlie  pnrifi^^d    suit   ia   sejHraWji 
from  tlie  ahiihcdlc  Bolutirin  by  nicanB  iif  ether,  as  a  sjmwy- while,  cheesy  prpcipf 
hite,  whi«'li  fjoiin  shrinks  to  ii  yelh^wish  niass,  wherehy  much  ether  is  pre-s^iHMl o«1 
This  mass  is  easily  soluhlc  in  wuter  and  alcohol,  aud  ihc  soimiuns  uliow  ' 
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|«llv««t<>1^  concentraled  to  a  syrupy  consistency.     The  Hqueous  polutlon  giVe« 

i  T  '  with  bfirhmi  tbloritk",  which  ut  first  dissiolvt-s  apHiii,  but  with  tiioie 

to  ion  a  lumpy  biirium  stilt  sejuinites,  whrch  sottn  chitnges  to  a  lough» 

-      The  salts  f»f  this*  afid  Imve  a  very  hitft'f  Ui»\v,  whirh  is  not, 

-e  as  thftt  of  Ihe  A  luid  siillB.    The  roiiiposiiiion  of  the  arid  eoultl 

arierminc(L     Analysis  prcned  that  thi;  |>t'iceiituge  of  ciirhon  is 

the  B-acid  than  in  ilie  A-acid,  wlicreas  the  ptnentajjre  of  nitrogen  is 

,         in  hi»tli.     By  continueil   Ireatnieut  with  akoliol.  the  B-acid  yield* 

eliuUlii  iiciiL     In  how  far  this  arid  corresporuls  to  the  one  obtained  in  a  sinular 

liitftner  from  the  A-acid  has  not  yet  been  determined. 

Various  nieth^nh  have  been  proiiii«ied  for  the  separat'on  of  lliese  salts  from 

thelntc,  of  which  only  the  followin*?  will  be  pven.      The  bile  from  the  jiall-blad^ 

'"-   '  \n  ox  should  he  evaimmted  to  onc-tburth  its  volume  over  a  water  batli, 

«ip  to  a  thick  paste  with  animal  charcoal,  and  completely  dried  at  100^  C. 

I  masg  should  then  hv  thrown  into  abM*lut«  alcfdird,  w*'ll  shaken  rcpejit- 

lowed  to  stand  tor  two  or  three  hours,  and  then  fill  ere tL     A  purt  of  the 

111113'  t>e  removed  tWjm  the  llltmte  by  distillation,  and  the  bile  salts  may 

t»recipitated,  in  the  form  of  a  resinous  ^yrup,  I>y  ilic*  nddiii<*n  r»f  a  large 

if  ether.     After  standing  a  variable  time,  Irtim  one  or  two  ihiys  to  a  week 

,  the  time  dt^pendmg  upon  the  anhydrous  ekaracler  of  the  alcohol  and 

]iv  ^>  called  Phxlner's  crystallized  bile  separates  in  a  mass  of  glistening 

.K..,,t-     This  crystallized  bile  consists  of  a  miilure  of  tauiotholale  and  glyco- 

thokit  of  s«dium. 

These  salts  are  insoluble  in  ether  and  readily  soluble  in  alcohol  and 
nUr.    Their  aqiiecms  solutions  bftve  a  decided  alkaline  reaction,  and 
route  the  plane  of  pulnrisied  light  to  tlitf  rigiit.     Both  these  salts  are 
jfhiy  delinuescent,  and  when  exposed  to  the  attnosphere  the  crystals 
^ihsorb  tUe  mixture  and  break  down  into  a  thick,  tenacious  syrup. 


To  separate  the  twr*  individual  bile  acids  from  each  other,  this  mixture  of 

pfjitftllizwl  l>ilc  may  t)e  dissolved  in  a  small  volume  of  water,  a  little  ether  added, 

^"'' ''•'»  dilute  sulphuric  acid,     At\er  stirrinij  well,  glycoeholic  acid  crystallizes 

nj;  needles,  tlie  taiiftH'liob'c  acid  reimiinlng  in  sulution.     The  crystals  imiy 

led  on  a  filler,  washed  with  water,  dissolved  rn  dihUe  sijiritp,  and   pre- 

1  with  excess  of  ether.     *'0r  Ut  the  solution  of  Pbitner*B  crystalfl  add 

and  then  a  little  basic  lead  acetate,  w^jen  glvcocholate  of  Icud  will  be 

down,     rnllcct  on  a  filter,  wash,  and  dissolvu  tn  hot  alcohol,  and  retnove 

I  by  prtsstrijif  a  current  of  sulphuretted  hydrogen  ;  filter,  and  bj^  ihe  careful 

I  ii'Mi  of  water  to  the  alcoholic  filtrate,  crystals  will  be  deposited.     To  the 

t>rrviottH  filtrate  from  tin*  krlycochobite  of  \rm]  add  acetate  of  lead  and  ammonia; 

■    '!>olatcftnd  taurocholale  of  lead  will  be   preci[Mtated,  and  inny  bo  washed 

onifHiscd,  as  with  the  ^lycocholate.'*     In  the  bile  of  oxen  from  certain 

^  plycocholic  acid  rapidly  crystallizes  rm  the  addition  of  fivec.c.  of  hydro* 

tliiuru' iicid' and  thirty  c.c.  of  ether  to  each  five  hundred  c.c,  of  bile.     In  other 

JjH'dtiu'ns  this  process  entirely  falls.     No  satisfactory  explanation  of  this  peculi- 

ony  hftji  ever  tM?en  given,  though  Hoppe  Scyler  suj^gests  that  the  acid  removes 

ihi'  hune  from  theKlycocJjolate.  and  the  liberated  glyrochobite  actd.  beinji  insidublo 

in  wjiier,  is  precipitated.     If  this  were  the  e.Kplunation,  the  process  should  invari- 

*Wy  succeed  ;  sucli  is  not,  however,  the  fact. 

The  lest  for  these  two  acids  is  known  as  Pettenkofer's  reaction  for  biliary 
w^itU^  If  ft  little  cane-ssusrar  in  stnm^  solution  h  added  to  a  small  quantity  of  bile 
'n»le«-tu!»e.  gently  warmed  to  about  i^f-'  V  ,  and  then  an  equal  volume  of  strong 
•nlHmric  acid  allowed  to  flow  down  the  side  of  the  tuhe,  a  hrii;hi-|mrpie  color 
frtnii*»tn)ve  the  level  of  the  acid.  This  test  may  be  even  belter  shown  liy  pre- 
i^rm^ilje  bile  as  before  (solution  of  Plainer  s  cry&tals),  warming  gently,  with  a 
c«nt'?mw^r  f^jrup,  then  sluiking  well  until  a  layer  of  foatn  forms  on  the  upper 
'^nj'fjice/  If'aintnall  amount  of  sulphuric  acid  is  poured  di^wn  the  inside  of  the 
^^^^K  the  f.otii  on  the  surface  of  the  bile  becomes  bright  purple  in  €ob»r  ;  ««r  bilu 
*wy  be  dilulL'd  with  cane-sugar  solution,  and  a  piece  of  illier-paper  dipped  into  it 
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While  the  bile  is  entirely  free 
and  inorganic  constituents.  The 
a  compound  of  sodium  with  two 
eholic),  a  coloring  matter  whir 
whose  origin  is  a  source  of  con- 
tii'S  of  fat  and  soap,  and  a  small 
be  considered  in  turn. 

(a)  Mucin. — Mucin  givo- 
the  mucous  glands  of  the  huL- 
the  bile  remains  in  the  gall-' 
mucin  found  in  it,  since  tin 
are  the  principal  sources  of 
with  a  gall-bladder,  mucin  •• 
mals  in  whom  this  append-; 
absent.     The  smaller  bile- 
sequence,  bile  coming  d; 
The  longer  the  gall  remm 
from  its  general  charact. 
low  bile  gradually  bcr 
more  marked  from  t\w  :•■ 
of  mucin  found  in  the  ' 
where.     It  may  be  i»i( 
mucus  is  precipitati-«l 

(h)    The  Jiilr 
compound?*  with 
si  urn,  to  form  jil\ 
are  highly  so  In  I 
vary  considt^nih! 
as  of  birds,  ui:.- 
abundant.     In 
late  is  in  I'lriir-' 
bile  of  tilt*  »lr»- 
solo  n'prrsfii^i:' 
absent.     In  t h- 
late  of  sodimii 


The  «.':.! \ 
hit  civ  uiikni>'". 
rjnlin).      It  !v. 
ohtiiincd  pni 
from  thtf  A  :ii 
piT^Mpit.'ili-h  iIh 
lurin,  whiTiM- 
ill    first  <M)liiii- 
from  tilt*  uhtt'f. 
tall',  wliirli  -,  '., 
This  iiiii,-^  i- 
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•  -.: .     tiTisolvcil    in   hot    air-'>iivl.  an«i  ik 

iircni  of  sulphuretted  h\'<lroi:en  ihroafflirt 

^        W  '    the  breaking  down  of  all** 

nd  its  amount  in  the  bile  ■ 


A  aocs  not  occur  as  sucn  m  tiie  animat  uoay,  out,  besmes 

erne<l  in  the  origin  of  the   bile  acid,  it  is  also  found  in  the 

liiilly  of  the  horse,  united  with  benzoic  acid  in  the  form  of 

eld.     It  may  be  obtaine<l  from  the  glycocholic  acid,  as  already 

|-b}'  lK>iling  with  strong  h3'drochloric  acid. 

;  (C|H,NSO,)  occurs  in  large,  glistening  columns  as  a  product 
[of  the  bile  acids.  It  is  readily  soluble  in  water,  insoluble 
and  ether.  It  is  also  found  in  the  intestinal  canal  and  in 
^  of  Ttirious  fish  and  of  the  horse,  and  in  the  kidneys,  spleen, 
|||  of  various  other  animals.  It  is  also  found  in  putrid  bile, 
pa  developed  at  the  expense  of  the  taurocholic  acid  in  the 
Hfltm  of  the  bile.  It  combines  with  various  bases  to  form 
ne  bile  acids  may  thus  be  regarded  as  compounds  of  glycochol 
9fal  with  cholic  acid,  whose  chemical  composition  and  general 
IJm  are  not  certainl3'  known.  Cholic  acid  may  be  regarded,  there- 
the  starting  point  of  the  biliary  acids. 

Mc  Acid  (H^CMOft-f  H,0). — Cholic  acid  is  a  constant  product  of 
Orition  of  biliary  acids,  and  is  therefore  found  in  the  intestinal 
liMOasionally  in  the  urine  of  jaundice,  but  not  in  fresh  bile  or 
M'  in  the  organism.  Cholic  acid  occurs  in  an  amorphous  and  in 
ilHlffid  form;  it  is  insoluble  in  water,  soluble  with  ditHculty  in 
ad  moderately  soluble  in  alcohol. 

■i^be  prepared  by  boiling  bile  with  caustic  potash  for  twelve  to  twenty- 
ley  then  preclpitatmg  with  hydrochloric  acid,  and,  having  washed  the 
■llh  irater*  dissolving  it  in  caustic  soda  containing  a  little  ether  ;  liydro- 
H  next  added,  and  after  some  time  crystals  form.    The  supernatant 
lecanted.  and  the  residue  covered  with  ether  ;  drain  off  the  ether  in 
■*  80»  and  dissolve  the  deposit  in  boiling  alcohol ;  to  this  solution 
ler  until  a  permanent  precipitate  appears,  and  tetrahedric  crystals 
Ir  appearance." 
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in  tint  which   tlic  bile  undern^oes  after  having  been  removed  from  tin] 
body.     When  bile  remains  for  a  eonsitlerable  time  in  the  galbbbdder, 
and  when  bile  is  exposed  to  the  air,  provided  the  ren<jtion  remains  alka*  ] 
line,  the  reddish4>rown  coloring  matter,  bilirubin,  al>sorbs  oxygen  ffom 
ihe   atmosphere    and   nc^nires  a  greenish    color;    it  is    then   termed  j 
hiiiverfhtK      In  the   bile  of  hcrbivora  and   most  coldd>hx>ded  uinitiAli  I 
this  pigment  exists  naturally,  and  Is  present  even  before  it  passt-^  iuto 
the  small   intestine.     Both  thef^ie  substances,  bilirubin   and    biUvenlitt,  | 
are  insoluble  in  wiUer,  and  their  state  of  sobition  in  the  bile  is  to  \m 
exphiined  on  the  basis  of  their   forming  soluble  combinations  wiHi  alki* 
lie^,  and  partly  to  their  being  held  in  solution  by  the  bile  acids,  in  whojit 
solutions   tbey   are   soluble.      They  are   sliglitly  soluble   \n   ether  md 
alcohol,  and  readily  solulile  in  chloroform  and  in  alkalies.     The  test  for 
their  ditectiou  is  known  as  Gmelin's  test,  which  is  claime<l  to  l»e  suf- 
ficiently sensitive  to  detect  the  presence  of  one  part  of  bilirubin  ineigbtf 
thousnml  [larts  of  solution. 

The  test  h  perfiirmcd  hy  adding  nitric  add  which  eontarns  »ome  free  nttrtm 
acid  to  lijk^  Tint*  ruiists  a  precipitate  whit  U  disappears  on  the  addition  of  Mi 
acid,  and  resiiha  In  the  IbriiiiUion  of  a  scnes  of  colors,  passing  throitji;h  ttHt, 
bUie,  vioh't,  red.  iiad  Hien  yellow,  aad  h  due  to  the  dilferent  de^ees  of  aivAl 
'iiitum  i4  rhe  red  coloring  iiiaiter  of  the  hile.  Various  mod  i  float  ion  «i  ithva  (wen 
l)ro posed  for  thie  lest.  Briicke  reconimeatlss  the  addition  of  dilute  nilricjiciii  U> 
live  suKptjctet!  fluid,  and  tlien  pouring  a  quantity  of  coneentri*te<l  !*ulphur»cK«i 
carefully  down  tlie  *»ide  of  the  tube  ;  as  it  sinks  to  the  bolt um  it  blK.'rHtc»  fttc 
nitric  acid,  which  prinltices  the  chiiractenslic  play  of  colors  ;  or  a  eonceiiirit  solu- 
tion of  nrtmte  of  sodium  nisiy  Ire  added  and  then  suli>hunc  acid.  When  cinly 
trsices  of  hile  and  coloring  iniitterB  are  present,  the  addition  of  the  liartuic  of 
iodine  causes  the  appearance  of  a  green  colon 

BHiritbin  (C„H„N/\), — Hilimtbin,  whieh  in  also  called  ha^matoidtii. 
oceiirs  as  an  amorphoiiH,  orange-yellow  powder,  whieh^  by  its  precipl' 
tation  out   of  ehloroforra  (obtained   by  boiling  bile  with  ehtorofonn), 
may  be  crystallized  in  red  prisms.     This  bile^pig-ment  is  more  frequently  1 
olitained  from  biliary  calculi,  especially  those  of  the  ox,  which  are  con- 1 
stituted  almost  entirely  of  this  pigment  and  eholedterin. 

The  calculi  should  be  powdered,  exhausted  with  ether,  and  then  with  boil- 
ing wilier  f  ouiaininjz  a  tew  drops  of  h_vdrochlonc  acid,  which  is  added  to  gtepamte 
the  hillRihin  from  the  alkali  with  which  ll  is  supposed  to  Ije  cY>iiihrned,  The 
retiidue  is  theu  to  he  washed  in  pure  water,  Ihen  drird,  and  then  lK»iled  wilh  chlo- 
roform a  lid  lliKilly  filtered.  From  the  filtrate  the  chloroform  may  bf  distilled  oC 
tlje  rci^idiie  then  extnvcted  with  alcohol,  and  ether  and  pure  hihruliin  will  remain 
behind.  The  amorphous,  reddish  powder  which  remains  may  l^e  pu rifled  and 
obtaint^d  iu  a  eiysfullized  form  hy  re-solution  in  chlorofonu,  whtch  should  he 
allowed  to  evapomle  sponfaneouisly.  In  the  precetliag  procejis  the  rthcr  is  em^i 
idftyed  (o  remove  the  fat  and  chole'sterin*  and  water  to  remove  the  other  iK>lubl^ 
hlliary  consittueats. 

Biliriibiji  is  only  elii^^htly  soluble  in  water,  readily  soluble  in  chlonv 
form  and  benzole,  and  8f>aringly  soluble  in  alcohol  and  ether.  It  M^ems 
to  play  the  part  of  an  acid,  and  unites  with  alkalies  to  form  combiuatioaa 
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Tflilch  are  msohiljle  in  eliloroform,  Bilirtibiii  is  the  most  important 
{'olonng  matter,  ami  from  it  originate  the  oHierH,  It  is  untkiiilhteilly 
formed  in  the  liver-<!ellH,  tluni^ii  it  is  also  formed  in  other  hnalitSes, 
Pathologically*,  it  occurs  in  ohl  Wooil-extruvasation**,  wln^re  it  was  for- 
merly described  by  Virchow  under  the  name  of  hienjatoidin  crystals; 
pbYsiologicall3^  it  is  foiitul  in  the  corpora  liilea,  in  the  ovaries,  and  in 
llie  iMjrdcrs  of  the  phicenta  of  the  dofr»  liilirubin  evidently  originates 
in  theIifemoj;loItin  of  the  red  blood-corpiiscles.  All  caui^es  which  pro- 
duct hreaking  down  of  the  refl  blood-trells  and  consequent  jaundice^ 
such  as  pohonin*?  by  ether  and  chh^niform,  lead  to  the  appearance  of 
liilirubin  in  the  urine.  This  decomposition  may  also  be  prod  need  by  the 
action  of  t!ic  alkalies  of  the  bile  acids,  and  it  is  tberetbre  prol>able  that 
the  physiolot^ical  orij4:in  of  the  bile  coloring-matter  is  dne  to  the  action 
of  the  bile  acids  on  the  blood-eorpnseles  in  the  liven  When  oxidizing 
ngenlM,  such  as  nitrous-nitrie  acid,  are  added  to  a  solution  of  bilirnbin  it 
displays  a  succession  of  colors  identical  with  that  seen  in  the  npplica- 
tm  of  Gmelin's  test.  Each  of  these  stanes  rejjresent  a  distinct  pig* 
metitarj  sul (stance.  The  first  which  results,  or  the  greenish  color,  is  due 
Klie  ti[ipearance  of  biliverdin. 

Bilwerdin  {V„U„SiOj  occurs  through  the  action  of  oxygen  on 
Blrulmi^  and  is  [jrodneiMl  even  when  the  solntions  of  tlic  hitter  are 
owed  to  stand  exjKJse*!  to  the  air,  Thia  Ijody  is  found  in  aluu»dance 
Itlie  bile  of  cold-blooded  animals,  and  is  the  principal  pigment  of  the 
ef  liery»ivora.  Biliverdin  may  be  prepared  by  making  an  alkaline 
utioFi  of  bilirubin  and  exposing  it  to  I  lie  air  in  a  shallow  vessel ;  after 
iiilethe  re<UUsh  solution  Ijeconies  intensely  green,  and  bilivenlin  msiy 
hh'positeil  as  a  green,  amorphous  powder  by  precipitsition  with  hydro- 
orie  acid,  washing  with  water,  dissolving  in  idcohol,and  finally  pre- 
litating  with  water.  Biliverdin  tlien  forms  a  green,  amorphous  powder, 
eh  is  insohible  in  water,  ether,  and  chloroform  ;  is  solnble  in  idcohol, 
iticaciil,  and  snlutions  of  the  alkaline  carbonates.  When  snbjeetetl  to 
>a('tion  of  nitrons-nitric  acid  this  pigment  also  liberates  a  series  of 
ent  colors,  which  pass  through  the  same  seqnenee  as  those  tlcveioped 
Ithe  addition  of  this  aeid  to  sulntions  of  bilirnbin,  the  only  dillerenee 
insisting  in  the  absence  of  t!je  original  red  color.  The  first  change  is 
•  torn  !\  green  into  a  bine  or  violet  color,  and  is  due  to  the  formation  of 
^lioletlin,  which  finally  ijccomcs  ycllowisli-hrown.  Ench  of  tlie  coloring 
^ntter<;  <»f  the  bile  hns  a  distinctive  absorption  of  the  si>ectium,  which 
^%  yielded  when  the  solution  is  treated  with  nitric  acid.  Tiie  bih-  of 
Niniivora  is  nsually  free  from  absorption  bnnds,  nidesa  an  acid  be 
ttlded.  in  which  case  the  absorption  bands  characteristic  of  bibrubi** 
ir  in  the  spectrnm, 
{d)   Chokisterin  (Ci^II^O  (HaO))  is  also  an   impoiiant  coustit* 
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of  the  bik^nnd  forms  the  bulk  of  tlie  so-ealled  white  gall-stone^T  Cbol 
t(?riii  rotates  the  plane  of  polarized  light  to  the  lefl^  and  forms  tnuisixir 
rhomlnc  plates,  which  usually  have  a  small,  oblong  piei?e  cut  out  of 
eorner  Cholesteriii  in  iiisolulile  in  alkalies,  dilute  acids  and  alcul 
ami  cold  water,  and  is  solulile  in  hot  alcohol,  ether,  glycerin,  chloroforl 
tiiid  soap  solution  and  alcohol.  In  the  bile  it  is  kept  in  sulution  tltrouf 
the  nniuji  of  bile  saltrt,  Ch*)lesterin  is  widely  distributed  throui^h  ti 
body,  occurring  usually  in  the  cerel>ro-«pinal  axis  and  nerves,  ami  J 
fact,  seems  to  originate  from  the  breaking  down  of  nerve-tissaes.  It! 
likewise  found  in  the  yelk  of  eggs,  in  the  spleen,  and  in  varioas  pwtll^ 
logical  deposits  iu  the  animal  body. 


J 


It  may  be  prepared  by  powdering  white  gHl!*8toi)eft.  boHtng  in  watfr 

tafainir  caiisttc  pMiJisU,  fllumng  when  cold,  and  witshinsf  the  res^ultine  mm*  wi_ 
boiling  alcohol,  and  tihfriujj:  while  stil!  1m»(,     Chole^lerin  tTysulli/es  uut  of  t^| 
alcohol    when  vi^Ul.     It  nmy  he   purified  Uy  redissolvin^;   in  hoilinj"     '''^     fw 
ttddinj;  hiilf  its  voUime  of  ulroliolp  and  allowing;  it  lo  evaporate  s}" 
Cljoleaterin  crystals  give  a  violet  color  with  80  per  cent,  sulphuric 
schoui.  J 

When  treated  with  nitrie  Rcid,  dried,  and  touched  with  a  drop  af  nmmanlw 
a  deep-red  color  is  pnKluced,  whtch  is  uot  altered  by  ttie  additioa  of  cauBtiri^Hll 
(SchltT). 

When  dissolved  in  chlorororm  and  affilftlcd  with  an  equal  volume  ofstroni 
Bulphune  add,  a  hlood-red  wdution  is  QbtainiHl,  which  becomt's  cntdnallv  vldc^ 
blue,  ^recn.  and  then  yellmv,  and  then  disappears  if  a  tnice  of  water  i!»  jirf^rwli 
The  layer  of  sulidiuric  ueid  in  this  lest  sluiws  green  duorescence.  If  cr)*>(Hb  a| 
cholesterin  are  heated  with  tolerably  slronii;  sulphuric  acid,  and  aften*'»ni  wit! 
a  littlt'  iodine,  a  play  nf  colors  is  prodyced^  passing  i'rom  violcl  tlin>ugli  l»^ 
green,  red,  and  ytdlow  lo  brown. 

Among  the  other  organic  constituents  of  the  bile,  lecitluD,  wliidl 
belongs  to  the  group  of  t!ie  complex  nitrogenons  fats,  is  to  lie  nifH 
tinned.  Its  formnla  is  C^fl^aX  PO^,  It  oectirs  widely  distributed  tlin»ndl! 
out  the  body,  occurring  especially  in  the  brain,  nerves,  yelk  of  eggs 
semen,  and  pus.  Wfien  pure,  it  is  a  colorle.'^s,  partially  cry  stall  lite  lw<3j 
soluble  in  eohl  and  hot  alcohol,  less  so  in  ether,  and  soluble  in  chlort 
form,  carbon  disulphide,  and  fatn. 

It  is  not  yet  clearly  established  as  to  whether  the  lecithin  fonn^l  M 
the  bile  and  other  secretions  and  tissues  is  derived  from  the  hresikin 
down  of  food-stntfs  in  pancreatic  digestion,  or  whether  it  is  found  fjfl 
theticaily.  The  reabsoriition  of  lecithin,  however,  is  complete, ^i nee  " 
tnice  of  lecithin  or  glyeerin-idiosphoric  acid  is  to  be  found  in  the  fieci 

(e)    The  inorganic  Cotishtnentg  of  the  Bile. — Of  the  inort!ftnic  on 
stituents  of  the  bile,  iron  is  of  special  importance,  as  in«1 
blootbcor[MiscicH  as  the  source  oT  bilirubin,  from  which  pi- 
position  the  iron  also  undoubtedly  originates,     So  close  relation* 
ever,  between  its  quantity  and  that  of  the  Idle  coloring-tnatters  I 
ever  distinctly  made  out.     The  following  table,  after  Hoppe-Setl 
cates  the  quantitative  composition  of  the  solids  fauud  in  lii 
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iiiim  from  the  bile^uct,  and  after  having  remained  some  time  in  the 
l^l-bladder : — 

From  Freshly 

Bladder.       Secreted. 

Mucin 0.454  0.053 

Taurocholic  alkali, 11.959  8.460 

Cholesterin 0.449  0.074 

Lecithin, 2.692  0.118 

Fat8 8.841  0.335 

Soaps, 8.155  0.127 

Organic  bodies  insoluble  in  alcohol,        .  0.973  0.442 

Inorganic  bodies  insoluble  in  alcohol,     .  0.199  0.408 

K,S04 0.004  0.022 

NajSO^, 0.050  0.046 

NaCl 0.015  0.185 

Na,Co„ 0.005  0.056 

Ca.2(POj, 0.080  0.039 

FePO^ 0.017  0.021 

CaCO, 0  019  0.030 

MgO 0.009  0.009 

2.  The  Secretion  of  the  Bile. — In  contradistinction  to  the  saliva  and 
gistric  juice,  the  secretion  of  bile  appears  to  be  continuous:  even  during 
prolonged  abstinence,  though  reduced  in  amount,  it  is  not  suppressed. 
Food  exercises  a  marked  influence  on  the  quantity  and  composition  of 
tbe  bile,  every  meal  producing  a  maximum  increase  in  the  amount  of 
Koetion  which  is  reached  between  three  and  five  hours  after  the  com- 
pletion of  the  meal.  It  theu  returns  gradually  to  its  original  quantity, 
to  be  again  subjected  to  a  second  increase,  which  occurs  between  thir- 
teen and  fifteen  hours  afterwanl.  This  increased  flow  of  l)ile,  it  will  be 
noticed,  co-exists  with  the  discharge  of  tlie  contents  of  tlie  stomach  into 
the  small  intestine,  and  it  would  appear,  as  has  been  determined  experi- 
mentally, that  the  application  of  the  acid  to  the  intestinal  surfaces  causes 
a  discbarge  of  bile  by  causing  reflex  contraction  of  the  bile-ilucts  and 
gall-bladder. 

Since  in  the  herbivora  eating  and  digestion  are  almost  continuous, 
the  amount  of  bile  secreted  is  much  larger  than  in  the  case  of  the 
omnivora  and  carnivora.  The  total  amount  has  been  estimated  to  be 
about  five  hundred  to  six  hundred  cubic  centimeters  in  twenty-four  hours, 
or  fifteen  grammes  of  bile  with  half  of  one  per  cent,  of  solids  per  kilo  of 
Wy  weight.  In  the  horse  the  amount  excreted  in  twenty -four  hours  is 
about  five  to  six  kilos.  In  dogs,  the  secretion  is  most  active  after  a  meal 
of  meat,  a  diet  of  fat,  however,  greatly  reducing  the  amount  of  this  secre- 
tion. According  to  Bidder  and  Schmidt,  for  every  kilo  of  body  weight 
^•h  hour  the 

Sheep  secretes  ....  1.059  grammes  of  bile. 

The  dog      **  ....  0.824 

The  cat       "  ....  0.608 

The  rabbit  '*  '  ....  5.702 
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Colin  fixes  the  rollowing  amounts  as  the  hourly  secretion  in  tbf 
domestic  auimals : — 


In  the  f*x,  . 
In  the  p?g,  . 
lu  the  »heep, 
In  the  iliig,  , 
la  the  hoise. 


KKlto  13>graiBiQ^ 

ID  to  \m 

^to    15 

250  to  3m* 


I 


It  would  seem,  therefore,  that  tbe  smaller  the  animal  the  greater  tite 

relath^e  auioiiTit  of  bile  setreted  in  proi>orlion  to  the  l>ody  w<?lgbt.  Thm, 

^  guinea-pig  weighing   one   kilo,  and  whose   liver   only  weighed  foftjf 

nines,  secreted  in  twenty-four  lioura  one  bundretl  nnd  8eveDh4ve 

am  the  weight  of  the  livrr;  iimla 
ir  cent,  of  soliil*,  one  kilo  of  liver- 
*,  form  four  kilos  of  hile  with  fifty 
nly  contains  25  per  cent,  atMoMh 
le-fifth  of  all  the  solids  in  tbe  Um 
uding  to  Colin,  the  liver  farm,  in 
OS,  in  the  ox  2.li4  kilo»,  miid  k  ttK 


^»»mines  of  bile^  or  d         tin* 

-  the  bile  of  the  gy  i^^ 

Buhstanee  would, 
grammes  of  solids.     8uitt  tide 
«t.  fQlIows  that  in  twenty-four  hour^ 
it  be  eliminated  in  tbe  bile*    A*- 
jnty-four  hours,  in  the  horse 
sheep  0.34  kiloa 

In  contradistinction  to 
low  pressure.     Every  slijrht 
Jeads  to  reabsorptiou  of  the 
sels    and    consequent    jaundit 


ft,  tbe  bile  is  secreted  undiT  vprf 
on  to  the  flow  thri>ugh  the  iW^ 

m  by  the  hepatic  lytupbutie  ^tv- 
*  showing  tile  close  eotmectlon 
bet  ween  tiR^  bde-ducts  and  lymplmtics.  Tliis  is  also  shown  hj  tlie  ^ui 
that  inic.*rosctjpic  injections  of  the  bile-dticts  made  niXx^r  death,  uml'i' 
very  low  pressure,  often  |mss  into  the  lymphatics  of  the  livtr.  W!;l' 
the  pressti re  under  which  tbe  bile  is  secreted  is  coraparntivel)  k>«-*^ 
compared  with  that  of  the  saliva  or  that  of  the  arterial  prepare,  it  ^ 
heen  stated  by  Ilekleuhain  that  the  pressure  under  which  the  Uk  '^ 
secreted  is  more  than  double  that  of  the  blood  in  the  portal  van.  ^^ 
the  liver,  therefore^  as  in  the  salivary  glands,  thei-ecan  be  noqiieswon*^ 
to  tbe  formation  of  this  secretion  by  a  niei'e  process  of  fi  It  ration;^ 
can  only  take  place  as  the  result  of  special  cell  activity,  the  specific  eot^ 
stitueuts  of  the  bile,  the  bile  acids  and  the  coloring  matter,  being  f^ 
normally  neither  iu  the  l>lood  nor  iu  any  other  tissue  or  organ,  tbe es*i 
In  which  they  or  tht'ir  derivatives  are  found  elsewhere  thau  in  llie  W* 
being  capable  of  clear  proof  that  they  have  only  reacheil  those  lam^^ 
through  the  bile.  Even  after  extirpation  of  the  liver,  no  m^nmii^ 
tion  of  bile  coloring-matter  can  l>e  detected  iu  the  economy,  TbeBpt^ 
constituents  of  the  bile  must^  therefore,  be  formed  in  the  liver-eeUSttf^* 
as  already  indicated,  there  Ls  considerable  proof  that  the  eoloriai; 
origiuatcs  from  the  breaking  down  of  the  reel  blood-cells,  tl 
destruction  being  probably  due  to  the  action  of  tbe   bile  { 
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bbln  being  tUns  libemted  and  then  decom|K>9ed  into  liiHrnbin^the  iron 
ik\nug  in  tlie  form  of  ii  plios|iUute  in  the  i>ile.  As  recrfirds  the  origin 
l»ile  acids  little  is  known,  though  they  are  probitbly  derived  fi'oin  the 
akin^  dawn  of  albuminoids. 

The  action  of  the  nervous  system  In  modifyin*;  the  secretion  of  the 
lie  is  almost  entirely  iinknown.  No  nerve  Im^  been  found  whose  stiin- 
fttion  leads  to  an  increased  flow  of  bile,  or  ciiusea  its  arrest  when 
etivifly  flowing.  The  sfjhuiehnic  nerve  Ims  been  notiee<l,  wlieii  stiniu- 
iled,  to  cause  an  increase  in  the  flow  of  bile  from  liiliary  fistubi^,  but  this 
!tlon  is  evidently  due  to  the  production  of  eontmction  of  the  biliary 
nets. 

3,  lite  Phi/Biological  Action  of  the  Bile.— The  bile  enters  the  intes- 
iTif,in  moat  aiilmnls,  associated  w^iih  the  pancreatic  jiiiee,  as  seen  in  tlie 
rse,  goat,  and  dromedary^  wb lie  in  the  ox  aud  nibbit  the  iMle-duct  is 
«rated  for  a  couftiderable  distiince  from  the  opening  of  the  pancreatic 
uet.    The  fact  that  it  enters  the  intestine  siraultaneously  with  the  pan- 
tic  juice,  or  even  before  it^  sbow&s  that  in  its  phyHiologieul  action  it 
nst  l»e  associated  with  the  latter.     Its  action  on  the  food-stufls  is  of 
ImtMtjjjht  importance.     On  pn>teids  it  produces  no  distinct  action  what- 
ever, and,  in  fact,  would  seem  to  interfere  with  the  digestion  of  proteids 
commenced  in  the  stomach.     Thus,  wlien  bile,  or  a  solution  of  tanro- 
olie  acid,  is  added    to  the  products  of  gasirie  digestion,  a  copious 
if^cijjitate  takes  place,  wiiieh  consists  of  coagnlable  nlbuuien.  syutonin, 
kI  [H'psin, — the  bitter  1»eing  indicated  by  the  fact  that  when  this  precip- 
teis  filtered  off  and  the  supernatant  liquj<l  aci<lilied  it  bas  no  peptic 
*er.    This  precipitate  is,  however,  redissolved  in  an  excess  of  bile 
irnaDbition  of  bile  salts,  and  its  object  would  ajjpear  to  l«e,  by  precipi- 
itin^'  the  parapeptone  to  delay  its  |>assage  through  the  intestine  and  so 
Te  the  pancreatic  juice  time  to  act,  while^  at  the  snme  time,  by  precipi- 
Mt)g  the  pepsin  the  pancreatic  ferments  are  protected  from  the  solvent 
Mtioii  of  the  gastric  juice.     For  we   find  that  during  active  digestion, 
M  a  nile,  the  contents  of  the  small   intestine  are  strongly  acid  in  the 
peaU^r  jvjrtion  of  its  u|jpcr  extremity,  and  were  the  pe[vsin   not  prccipi- 
t>teil  the  piiuereatic  ferments  would  be  digested  and  there  fore  destroyed 
tbroijgb  the  action  of  the  gastric  juice.     The  re-sobition  of  the  precipi- 
tate pro*  h  iced  l*y  bile  in  tlie  products  of  gastric  digestion  is  due  to  an 
ticesg  of  tanrocholic  aeid.     In  most  animals  (ox,  sheep,  aud  horse),  the 
Me  \\m  been  found  to  contain  a  ferment,  pi-esent  in  small  amount,  which 
i«efip{d>le  of  converting  starch  into  sugar,     A  similar  action  is  also  pro- 
^noLH]  fin  glycogen.     This  artiou  is,  liowever,  secondary,  and  of  bnt  little 
iffil^nrtanee  in  the  digestion  of  carbobytl rates,  other  than  that  the  bile 
•s^ists  the  amylolytic  action  of  the  pancreas.     In  the  dog's  and  pig ^9 
Wle  no  di astatic  ferment  is  present. 
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The  principal  fonction  of  the  bile  in  digestion  is  the  aid  wMcff 
it  rend€irs  to  the  digestion  and  »bsorptton  of  fats.  BiJe  has  a  sotveut 
action  on  fats  in  small  quantities,  and  assists  in  tbeeronlsification  of  fiita, 
Wc  8hall  find  thitt  the  pancreatic  juice,  in  its  action  on  fiUs,  liberatif^ 
fatty  acids*  A  similar  action  is  also  manifested,  althoygh  to  a  very  inucli 
less  extent,  by  the  bile  of  the  horse,  ox,  and  sheep;  it  is  absent  in  llmt 
of  the  ho^  nnd  dog.  These  fatty  acids,  tiina  liberated,  unite  wttli  llm 
alkalies  of  the  bile  and  pancreatic  juice  and  form  soaps^  and  so  greutljr 
assist  in  the  formation  of  a  permanent  emulsion.  By  means  of  tite 
emulsion  thus  l^ormcd  the  absorption  of  Att  is  greatly  assisted;  wliilo,  in 
addition,  it  has  been  found  that  when  membranes  are  moistene<i  wiUi 
bile,  or  with  solutions  of  bile  salts,  the  passage  of  fats  th)x»ugh  fiucb 
membranes  is  greatly  facilitate^!.  Thus,  if  two  filters  are  moistened,  ibe 
one  with  a  solution  of  bile  salts  and  the  other  with  water,  oil  will  pass 
with  comparative  readiness  through  tiie  former,  while  it  S4:areely  suc- 
ceeds at  all  iu  passing  through  the  filter  moisteneti  with  water.  Oil- 
drops  i>laued  on  tlie  surface  of  bile  spreail  into  a  thin  layer,  like  solutions 
of  corrosive  sublituate  on  mercury,  and  in  tubes  moistened  with  bile 
the  oil  will  rise  above  its  level  outside  of  the  tulje, — facts  which  point 
»till  further  to  the  assistance  which  the  bile  renders  in  the  ahsorption 
of  fats.  The  bile  of  most  animals  contains  a  lactic  acid  ferment.  On 
other  food'Stulfs  bile  is  quite  inert. 

It  IB  evident  from  the  above  that  the  uses  of  bile  must  be  maiitfe*t«tl 
in  some  other  ilircctiou  than  as  a  digestive  fluid;  for  while  it  wotiKl  l« 
presumed  from  the  fact  thjit  we  have  here  the  largest  gland  in  the  UhIj, 
pouring  an  immense  volume  of  tlutd  into  the  digestive  tract  at  a  poiMit 
which  digestion  has  barely  commenced,  that  that  fluid  must  have  scrtW 
important  role  to  fulfill  in  digestion,  the  facta  abo%^e  mentioneil,  attained 
through  chemical  examination,  show  that  this  assumption  is  not  entirelf 
warrauteib  8till  another  method  of  examination,  that  of  the  production 
of  permanent  biliary  fistobe,  als^o  sIiowb  that  the  functions  of  the  bile  s^ 
not  solely  manifested  in  assisting  in  digestion.  In  other  words,  tia*  W^ 
is  not  only  a  digestive  secretion,  even  though  of  secondary  importance, 
but  is  also  an  excretion.  The  most  valufilile  data  as  to  the  funclioitf 
wijieii  the  l>iie  fulfills  iu  the  economy  arc  obtained  from  the  maintenance 
of  biliary  tistuhe. 

Biliary  tistuhe  may  lie  either  temporary  or  permanent.  The  torra^ 
are  of  special  importaifce  for  the  study  of  the  secretion  of  bile  lus  Ut^^ 
inliueuce  of  drugs  antl  other  agents  on  the  amount  of  bile  poun?<l  ^^^ 
Dogs  are  most  snital>le  for  such  an  operation,  which  may  be  perforroet 
upon  them  without  any  diltlculty. 

The  dog  shoahl  huve  hven  nil  owed  to  fast  for  several  hours  twforf  il»* 
operation,   aa   then  the   gall-bladder  will   he  apt.  lo  he  filled   with  bile.    After 
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sthesia  ha$  be^n  product'^,  an  mcisioo  should  W  made  in  rlic  Hnea  alba  alKiui 

until  and  n  half  lou^  and  iibout  two  inehi's  Ht4uw  ilw  xyphtnd  cnriila>«;e,  tying 

icb  blccdinsr-pDint  hclbre  tijc  ahdnmen  is  opened.     Un  pilshiiii:  aside  or  tearing 

hrough  the  oinetiiiim  wJili  the  torefintrer  of  the  ri^rlit  iitind,  »nd  carrying  ihe 

^gt'r  well  down  below  the  liver»  a  dense  bund  may  be  lelt  ninninij:  Ircun  the 

h[rr  to  Uic  diit)denunh  and  fonsistins:  of  the  hepatic  vessels,  ncrre,  and  convmon 

CL     Hookiiiir  the  foret^nijer  under  this  band,  and  drawing  it  niretully  and 

^forward,  a  blunt  honk  inaj^  be  passed  nnder  it  with  the  tree  hand,  and  the 

I  drawn  out  of  the  wound.     They  can  be  prevented  from  retraclmg  intotlie 

otntnal  cavity  by  pushing  the  hook  through  so  thai  the  ve^selit  lie  U[Hm  its 

mile,  which  rests  transvei-sely  over  the  wound.     The  duct  is  easily  lardated  and 

aied  at  its  entrance  to  the  duodenum  to  secure  the  small  blood-vessels  on  its 

rfuce,  and  the  cannula  inserted  and  tied  in  the  duel.  On  removing  the  slilette 
muhe  cannula,  a  few  drops  of  bile  invmedintely  escape.  Probably,  however, 
Isloiilar  method,  and  one  less  Hkely  to  wound  the  hepatic  blood-vessels,  Is  to 

len  t lie  abdomen  at  the  right  margin  of  the  right  rectus  mUMclc.  and  then  follow 
ie duodenum,  which  appears  in  the  wound,  and  may^be  recogni/cd  by  its  large 
hne  And  absence  of  mesentery,  up  toward  the  stomach,  where  the  duct  may  be 

"It  isolated  and  divided  at  its  insertion  intn  the  duodenum. 
Pemmneni  liiliarj-  fistula^  may  also  la?  nmde  quite  readily  In  dog»,  and  have 

jen  undertaken  to  decide  the  question  as  to  the  excrenieniiiious  nainre  of  the 
lile.  For  this  purpose  the  gall  tdudder  is  selected  for  the  tistula  instejid  of  the 
diKius  choledochus  The  abdomen  is  opened  in  the  median  line,  or,  preferably, 
at  the  risjht  border  of  the  ritrht  rectus  muscle,  care  being  taken  not  to  wound  the 
Inri:*' vessels  which  cross  the  wound  on  the  inner  Burfaee  of  the  abdomen,  and 
iHH  rommon  bile-duct  t^-olated  as  iK^tbre.     It  is  then  ligated  close  to  its  entnmce 

kinto  the  intestine  and  at  its  junction  with  the  cystic  duct,  and  the  intermcdiale 
portion  excised. 
The  gallbladder  is  then  drawn  down  and  fixed  to  the  edges  of  the  wotind. 
Ihf  operation  may  tlibn  la*  suspended  until  adhesion  has  occurred  t*etween  the 
till*  of  the  bladder  anil  the  edges  of  the  wound,  and  the  bladder  then  opened  ; 
or  it  may  l)C  ire^ited  in  the  same  manner  as  when  making  gastric  fiftube,  nntl  a 
(unnula'siniilar  to  the  one  em|d*)yed  in  making  gastric  fistula'  in Ke^ried  at  once, 
Inibig  mode  of  f^penition  (lie  object  has  been  to  exclude  the  bile  entirely  from 
ty  inlt'stme  ;  but  Srhitr  has  shflwn  thai  less  pressure  is  re*|uired  to  make  (he 
^lile  l^ans  from  the  hepatic  duet  into  the  gall-bladder  than  to  force  it  through  the 
tntntiion  duct  into  the  intestine.  This  exciHion.  then,  of  the  common  duct  ig 
fOlirely  unnecessary,  apart  from  the  fart  that  it  sometimes  fails  in  its  ofijcct  by 
ti^xxinung  restt»red  ;" since  as  long  as  the  cystic  fistula  is  kept  open  the  bile  passes 
"•tiflf  the  wound,  but  ^hen  the  cannula  is  cloacd  tl  passes  ais  normally  into  the 
Juodeoum. 


When  the  of^eratioii  for  the  formation  of  a  perraaneiit  biliary  fistula 
aiicoeeds,  ami  all  the  bile  is  eon d noted   outside  of  the   IhkIv,  animals 
ntpidly  lose  weight  and  eventual  I  j  die,  under  ordinary  ci  re  nni  stances, 
"nderthe  plienotnena  of  stiirvation,    Sticb  a  result  depends  upon  the  inter- 
ference with  the  digestion  of  fats  and  nfion  the  direet  loss  of  1*ile  salts. 
Thus,  Tott  has  found  tbat  a  dog  weiglting  twenty  kilos,  which  in  its 
lonnal  condition  was  able  to  digest  from  one  hundred  and  fifty  to  two 
iumdred  irramiues  of  fat,  absorbing  ^*H  per  cent,  of  this  amonnt,  was  only 
**''^*,  after  a  ]K'rmjincnt  biliary  fistula  was  estal>lislied,  to  nbsurb  40  pet 
•^'^"t,  of  the  tilt  given.     The  loss  of  snch  an  amount  of  fnt  Ihroygb  in»- 
P^itect  a)>sorption  natttrally  produces  a  disturbance  of  nutritive  equi- 
^'*^rium.     An  animal  whieh  before  the  r>peration  is  able  to  preserve  its 
^**trittve  balanee  with  a  certain  amount  of  meat  and  fat,  is  unable  to  do 
^^l&  after  til e  performance  of  a  biliary  fistula,  and  is  conn>elled  to  call  on 
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the  reserve  store  of  tissne-iilbumen,  ami  fioally  dies  prftcticallj  of  s 
tiun.     If  the  animals  are  allowed  to  Lick  the  wouud,  and  so  eause  the! 
to  enter  their  alimentary  canal,  the  phenomena  of  irapairraeut  of  nutn. 
tioti  are  very  ninch   less  marked.     So,  also,  iT  they  are  fed  on  douNe 
the  amt>unt  ordinarily  required  to  maintain  their  nntritive  equilibftian, 
the  carlK>hydrate3  especially    being  in   excess,  the   phenomena  of  nnd- 
niilrition  may  he  largely  i^rt^ vented.     In  animals  where  the  secretion  of 
Lile  is  prevented  entirely  from  reaching  the  intestines,  we  find  tJmt  okti- 
nate  constipation  is  usnally  added  to  the  Bymptoms  of  disturbed  nutri- 
tion, and  that  the  feces  which  are  occasionally  passed  are  clay-oolomf, 
with  a  most  otfensive  putrefactive  odor.     It  wouhl,  therefore, appear lh«it 
the  biie,by  acting  as  a  stimulus  to  the  mucous  membrane  of  the  intestine, 
tends  to  maintain  the  normtd  i>eristaltic  contractions  of  this  jiart  of  Utr 
alimentary  canal,  and  to  that  extent,  therefore,  acts  as  a  natural  pur^'fttive, 
wdiile  at  the  same  time  it   largely  prevents  pntrefactiou  and  decompfv 
sUion,     The  bile  is,  however,  largely  an  excretion.     Many  of  it*  con- 
stituents are  removed  unchanged,  while  some  of  them  are  reabsorkd  aud 
again  enter  the  Wood-cnrrent,     The  mucin  and  cliolesterin  jmss  ihroudi 
with  the  fieces  unchanged*     The  bile-[>igments  nndergo  decom[>ositioD  in 
the  intestinal  tube,  and  are  partly  excreted  with  the  firecs  under  the  form 
of  hydro-bilirnbin,  a  chnraet eristic  bn»wn  coloring-matter  of  cxcremal, 
and  are  partly  eliminated  as  urobilin  by  the  urine.     The  bile  salts  nar  ff^^ 
tlie  most  part  reabsorbed  by  the  walls  of  the  upper  [jortion  of  ibfsiuftii 
intestine*  only  a  small  quantity  of  glycocholic  acid  being  foam!  in  ^l"* 
fteces.     The  taurocholic  acid    is   largely  absorl»ed,  it  being  prfvioii^ly^ 
])erhap8,  decomposed  into  cholic  acid  antl  taurin^  the  hitter  heiug  co^ 
©tantly  absorlted,  while  part  of  the  cholic  acid  may  jK^rbaps  be  n-moYed 
with  the  fa3ces. 

IL  TiFE  Pancreatic  SKcnETiON.— The  pancreatic  fluid  is  fowt^ 
into  the  small  intestine  immediately  afttT  the  enlmnee  of  iht*  Iwlf. 
or  in  some  instances  simultaneously  with  it  and  the  secretion  of 
B runner's  glands.  Whiie  the  pancreas  is  one  of  the  most  constAnt 
of  all  glands,  existing  in  all  mammals,  birds,  reptiles,  in  most  M\  »o<i 
insects,  its  anatomical  form  is  subject  to  great  variation  in  clilffrvw^ 
animals.  In  the  dog,  as  in  other  mammals,  most  birds,  and  rtfiil^*' 
the  pancreas  is  mtuated  in  the  concavity  of  the  duodenum.  AN  ^^ 
the  dog,  and  in  other  mammals  in  which  the  thnidenal  mesentm  •• 
short  or  absent,  this  gland  is  thick,  clongjited,  and  bilol»e*l,  one  |K»r|ifl« 
extending  horizontally  toward  the  spleen,  while  the  other  portion  *^ 
seends  at  a  right  angle,  parallel  to  the  duodenum  (Fig.  165).  At  ll^ 
angle  the  pancreas  is  closely  adherent  to  tlie  duodenum,  and  often o^* 
laps  it,  being  connected  by  a  multitude  of  small  blood-vessels*  wliilt  ^* 
descending  portion  lies  free  in  the  abdominal  cavity.     There  anJW*^ 
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I,  ia  which  the  operation  for  milking  pancreatic  fistnlac  is  most  usual 
iu  most  other  aiiimul!4,  two  pancreatic  ducts— the  upi>er  and  smaller 
le  opening  into  the  diiotlcnum  in  the  same  papilla  as  the  lii!e-<^liict, 
iile  the  larger  and  lower  duet  opens  into  the  duodenum  about  two 
ntimeters  lower  down.  Thene  dnrti*  comnuniicate  i»y  frequent  anasto- 
oses.  the  lower  being  always  selected  Cor  o {deration.  In  those  animals 
which  the  duodenum  has  a  wide  mesentery,  as  in  the  rodents,  the 
increas  forms  an  arborescent  mass  between  tlie  two  layers  of  the  mes- 
ery.     This  is  the  plan  of  arrangement  iu  the  rabbity  and  also  iu  the 


^^■^^1 


Fia.  155.— PANrRBAS  OF  THE  Doo.    {Bernard.} 

IttOMtiv  ivot}  kK  saMlaDKiM*  uf  tti«  litrgv  with  th«  tm*ll  duui. 


In  the  nibbit  the  pftnenas  has  two  ducts,  but  the  upi»er  one, 
*l»icli  enters  the  durMleuuni  with  the  biienhict,  is  very  Buinll,  while 
th  lower  one  is  very  long^  and  enters  the  intestine  about  thirty  to 
fcrty  centimeters  lielow  the  pylurus,  In  the  cat,  the  arrangement 
&r  these  ducts  is  so  irregular  as  to  battle  all  description.  In  most 
Stfles  there  are  several  of  them,  and  sometimes,  as  occurs  qui' 
utly  in  the    sea!^  the    uj^per   duet   passes    iuto  a  sort   of  t 
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hefore  entering  the  intestine  (Fig,  156).    The  arraBgement  of  the  ptf 
creatic  tlncts  in  the  bird  is  represented  in  Fig.  157* 

The  pnnereatic  jiik-e  m  a  colorless,  alkaline  fluid  secreted  by  the 
pancreas  or  the  so-ealled  abdominal  salivary  glands.  It  dilTers  from  tk 
other  ditjestive  secretions  in  that  wiien  fre^hl}*  formed  by  a  normal  gbud 
it  contains  a  large  amount  of  proteids.  Its  composition  varies  with  th<s 
rate  of  secretion,  and  when  studied  as  obtained  through  tistidse  dWfm 
accordingly  as  to  whether  a  temporary  or  permanent  fistala  has  beta 
made. 


'^  r 
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Fio.  1,W.— PANrRKAH  ANTJ  DrODKKFM  OF  TlTR  Ckt.    {B^mnrd,\ 

n.  fivlnnai  ',  h,  M^'linti  itrdiKKlenum  «l  ih*  ]»v«l  t*f  tbe-  Jt^unis  i»f  BmnntT  :  r  .-',  mfKni'T  |*i 
dtfi^'t  arcain^  tpirith  thv  blliftry  ^liirt  IiH'Eo  thft  Jiil«itin«^  >«,  inu4Niuf  intmbriiti'  ^f  tJi«  ia<«J«ailm    *.  iaftr*^ 
)»nn.r'nv<iiiik-  ■luL't :  r',  [HtinC  uf^  iu  anMdimi'xii  with  <.h«  <le«c«Btliiaf  iHTftDch  nf  tlM  fiajicr«4ttv  ^w% .  K  ^s^' 
tn  -n  r>t««nlM.K  of  the  MIJ«rjr  duet  Aud  fuperi^r  itaucrsjitia  duct;  «,  pflorio  jxrrtloa  of  •«o«»aiah ;  f,  Mliw; 

Temporary  flHlidfe  of  the  pancreas  are  best  made  on  the  dog,  smwia  Ijili 
aniiniil  tlicre  is  the  greatest  prolHibilrty  of  eseaping  peritonitis, — n  complic^tJoii 
wh  fell  if  pres^'Et  is  dlstiatrous  to  tbe  suecesa  of  the  ope  ml  ion,  for  the  p«ncfi?*s  tsfi- 
tretiiuly  Mi!ir('i>iible  lo  mflumniaiionp  and  as  a  const qiienre  the  secretion  berome 
perrt'iled  suid  its  properties  altered.  Tbe  only  difHeuliy  in  tbe  operation  rou*ist* 
in  finding  the  duet  without  injuring  the  gland'or  its  numerous  blood  rt's^clf.  To 
be  thoroughly  successful  the  opfrution  Hliould  hi*  performed  as  mpidly  afl  possibk, 
BO  as  tij  avfdd  exposing  the  parts  any  longer  than  is  necessary,  w^htle'the  usncff** 
5h<iubl  be  handled  with  the  greatest  (ientleness.  The  (jperation  should  l^e  pn- 
formed  without  eai ploying  an  an^esthetie,  to  avoid  t*ubsequent  vomitins;  i^^ 
po.<siHle  vitiation  of  tlie  secretion.  The  dog  should  receive  a  hearty  meal  of  brt-id 
und  meat  two  hours  before  the  operation,  and  then  should  be  fii**trned  on  lii* 
left  sitle.  An  ineision  should  be  made  in  the  riEiht  bvpochondrium.  desi^nJisC 
downward  from  tlo^  i  nd  of  the  last  rih  about  five  centimeters  and  pAnallcl  wili 
the  linea  alha.  every  bleeding  point  being  tied  before  the  peritoneum  i!t  ofieued. 
Pasising  the  index  and  middle  lingers  of  the  left  hand  into  the  wound*  the  <lm)df 
nuui  is  easily  recognized.  Tht-  fingers  are  then  carried  well  ib>wn  into  ibe  rifW 
hypoehondnum.  and  then  backward  to  the  convex  surface  of  the  duodenutu, io^ 
keeping  their  pitlmar  surbice  directed  upward,  the  flngers  are  ciirried  bHuBAj  tbe 
dufnlenum  and  pancreas,  which  are  tlken  to  be  drawn  together  out  of  the  wottwL 
Tlie  ftnimsil  being  in  full  digestion,  the  tissue  of  the  glanc!  is  of  a  rosy -pink  rolor* 
tiun.     By  this  manipulation  the  i»arli3  preserve  theirnormal  relation*  and  tlojAB 
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orturface  of  the  pancreas  presents  In  the  wound.  The  next  step,  and  perhrtpa 
!mo«t  diftieuU.  is  the  finding  of  the  duct. — a  prf^cecdmr;  rendered  diflif  ult  not 
ily  by  the  extreme  fihoiiiioss  of  the  duct,  hut  li}*  its  helni::  surmimdiHl  hy  nH- 
oas  bhvod- vessels,  which  Weed  very  easily  and  which  liridLe  aver  the  diiode- 
land  the  overtappinir  ed>re  of  the  fmncrene.  By  keeping;  the  iinterifir  srirtiiees 
€lcd  forward  this  ditTlculty  is  rcducetl  to  u  minimiiiii.  since  Uere  the  duct  ia 
ar«r  the  surface  and  is  only  surrQimded  by  a  few  small  blood-vessels,  while  on 
t  posterior  surface  the  vessels  are 
rbrge.  and  it  is  just  back  of  a 
\  Imndle  of  vessels  that  the 
enters  the  intestine.  On 
cani-fully  pushing  aside  with  a 
l)!itnt  book  the  overUppiDg  edge 
(ilip  pancreas  at  the  lower  border 
^Of  til**  angle  formed  by  ihu  trans- 
Tfncsnd  vertical  portions  uf  Hits 
|Uml,  and  about  two  centimeters 
belov  ibe  ductus  clinle<|ochus,  the 
lhnri?r  fmncreatic  dnct  is  seen  and 
iVbtj  be  distinguished  from  the 
jbliKMl'VeRsel  hy  its  larger  size  and 
l^ltiie  culnr.  The  finding  of  the 
\im  omy  he  facilitated  by  the  fol- 
Wiug  observations :  Uliere  the 
"  al  segment  of  f  he  pancreas 
1  the  duodenum  there  is  al- 
io be  found  a  thick  vein 
p^ng  from  the  intestine  to  the 
,  inncfeas.  Above  rbis  the  pan- 
|efta»Iies  directly  nndcr  the  gitt, 
I  Joined  to  it  hy  numerous  bun  tiles 
I  Of  irclns.  The  opening  of  the  duct 
iBm  usually  in  the  space  between 
itW  first  two  of  these  or  between 
|lttte  ic'cond  and  third.  After  the 
l<3Ct  has  been  isoIate<l,  a  thread 
ihoulij  he  i»assed  around  it  and  it 
'  ihiiuld  be  opened  with  a  pair  of 
ftfte  scissors;  a  small  silver  can- 
nuli.  abcmt  fl\'e  millimeters  in 
liiitnt'ter and  ten  centitneters  long, 
^y  tben  be  inserted  and  pushed 
tip  to  tbe  first  division  of  the  dnrt. 
^f^H  it  securely  by  the  thread 
pnnovuly  ])aBsed  around  the  duct. 
"'*  nmke  the  cannula  still  more 
finn.usiitch  maybe  passed  through 
*iit!*troits  cnat  of  the  m test Inc  and 
ihea  the  cannula  faHtencd  there 
*'*J.  The  duodenum  and  pan- 
jr«'aA  are  then  relurncd  to  the  ab- 
QJ^Qifnai  cavity,  retaining  the  ends 
*•' ttie  thread  and  the  free  end  of 
^4J^  caanula  in  the  wound,  which 
^V  then    chmed   by    Butures.    first 

m    '  '    ' 


Fio.  lOT— Pawcbeas  of  the  Pioeon.  {liernard^} 

P,  Hint  pAn«rofli  wKh  iTAdiirt^V^p  I'M*'',  wcond  |mticreui 
with  two  driet*.  V  VT;  llr  biliArr  dnct  riptminff  intd  thtr  duod«* 
tiiim.  D.  k>dlov  th«  ftixArd.  G:  ffi  ahhI  Ik  iMotjadnry  biJiairj  iuet$ 
apeniDf  (nvt  the  iiH<eDdinR  ptirtioa  of  Lha  duodantim ;  F.  livar; 
S,  BtanxAch;  P  P'  ^^^  cuncrwu ;  ^r,  oj«nliifC  in  litiudtiaum  ihoir- 
iof  %  probe^  bt  iuB^tUfi  ioto  t*t%iadaiy  hilitiry  duct. 


i^mg  togetlier  the  rnuscks  and  then  the  skin.     Upon  withdrawing  the  stilctte 
itti  the  c:mnyla  a  few  dro[>s  of  colorlesi5»  limpid  Hukl  escape,  which  ilow  more 
Jitlly  when  ibi"  animal  makes  any  movemtiut  and  which  is  si rongly  alkaline 
Jri^.  15H  and  150).     The  ficcretion  may  be  collected  by  fa^ileuing  a  rubber  bulb 
[urnisbed  with  a  stopcock  to  the  cannula.     The  bulb  should  be  tlrst  compressed 
"lis  to  be  emptied  of  ain  the  slop-cock  closed  and  connected  with  the  caiinuk. 
opening  the  siop-cock  Ibc  tendency  of  the  bulb  to  expand  draws  the  tluid  out 
*""  ducts.     Generally  the  tluld  Is  secreted  quite  rapidly,  and  may  be  collected 
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for  sereral  hours.  After  the  first  dny.  however,  the  character  of  the  Bocmloft 
alters  and  h  no  lonjror  normal  or  suittihh.-  for  ^tudy.  If  it  does  tiol  flow  mimtly. 
it  may  be  stiiimhiled  by  injeciinff  ether  through  ii  tube  into  the  gtoniAch.  Vom 
itmc; 'ships  tlie  PetTetioii.  Usually  after  Ihe  second  day  the  lube  and  thri*ift 
drop  out,  or  else  they  may  be  pm\]y  removed,  and  the  wound  generally  hi^lft 
readily  and  tlie  duel  becomea  reslc-irerL  Tbe  stime  Hnimal  may  nphtn  he  uswl  for 
the  same  pnr|»o9e.  One  of  the  diflienltieB  Ibnl  will  be  met  wi{h  in  Ibis  opemtioB 
in  that,  sinee  tht*  clurt  is  no  short,  the  Ciinnula  is  very  api  io  slip  out.  TUIa  mir 
he  partially  rrniedied  by  bavinj^  ji  cannula  mnde  witfi  a  little  bulb  on  ihe  cm\  it) 
be  iiiHerifil,  nr  a  X^^^iJ^P^^f^  raniinla  maj^  be  used,  the  duo<lenal  end  of  which  mtiit 
he  closed.  If  Mwh  a  cannula  is  used  it  is  better  to  have  one  made  in  two  ac- 
tions, one  being  ftrat  insertefl  in  tbe  dnct  and  the  other,  which  is  lo  come  out  of 
the  wound,  screwed  in  ai\erward. 

In  Ihe  ruminunt  animal  the  pancreas  liei?  in  part  on  the  convolutions  of  the 
eo1on»  on  the  superior  right  portion  of  tbe  rumen,  extending  over  the  fitsun?  «f  the 
Irver  to  the  second  lumbar  vertehra.  Its  duett  s^ix,  eigbt.or  nine  miUimeter*  in 
diameter,  opens  into  the  duodenum  iu  the  ox  eighty  to  ninely-five  ceatiineten 
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Firt.  im.— Pancrkatic  FiSTri*A  in  thk  Dor.    {Rt-rnard) 

A,  jiHneiMl  pAiK^nittp^qtrt;  n,  tntmnre  of  tti«  Hnvt  into  th«  inlMtiiia;  A^  tfuM«r  f«iiefi»tie  iitii 
pAttcrwu;  T,  iadpuIii;  V,  nilib«r  Italb;  R,  ■(«p-oqclt. 

below  the  pylorus,  and  in  the  sheep  and  goal  at  tite  openiniy  of  the  bile*<hici, nrtd 
is  often  free* from  gbind-ti!*sne  tor  a  space  of  from  two  to  ihree  centimHert.  T« 
make  a  pancreatic  lis  tula  in  the  ruminant,  an  incision  about  ten  to  twi^lte  crnti' 
melerfi  lonj^  is  mude  in  the  rigbt  flank  parallel  to  the  last  rib  and  thn-u  or  fow 
jfingers*  breadths  removed  froui  it.  The  pancreas  then  comes  into  vitrw  -"  -fv^it 
jng  theabdoinen.  tbe  duct  may  he  readily  exjiosed.  and  the  cannula  mstr 
opcnition  may  be  readily  performed  on  the  ox  without  uncovering  the  il 
from  its  omentum,  and  without  dmgging  on  the  pancreas  (Fij?.  l^). 

In  solipedes  it  is  difficult  to  stud}'  the  pancreatic  secretion.    The  jrlaiid  ii 
deeply  situated  against,  the  vertebral  column,  its  duct  is  surrounded  bv  glunJ' 
tissue  up  to  its  insertion  in  the  duodenum,  and  it  has  very  Ihin  walls.    t«iin»ls« 
a  flstula  it  is  necessary  to  freely  open  the  alnlomlnal  cavity  in  the  mr "    ~  '"'" 
from  the  sternum  almost  to  the  pubis,  to  wiibdraw  the  colon  from  th«' 
open  the  iluodenum  and  insert  a  in  be  through  the  opening  of  the  pancr 
and  fasten  it  by  a  ligature,  which  must  also  include  part  of  the  gland.    1 
and  duodenum  ore  then  to  be  replaced  and  the  wound  sewed  up,     Tl» 
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wafi  first  frnv*lTiVf'd  by  deGnift'od  tln^  tltiiiv  antl  htis*  proved  succi'si^ful  In  thv  hnnrls 
«>(■  Uuret  find  LassaitjnM  oji  \Uv  Unrse. 

As  V**Jore  stutiMl*  llie  opt"rjttii>n  ii8  iK'rfi)rnn'd  ns  above  describ^^d  doi^s  rn>l 

nmdcr  Ihe  j>erniianent  collettkni  «d*1liis  .^iecrHioti  |in*;sit»h'.    Il  bus  bt^^n  buiod  tbjit 

whtin  |H?rnmiumt  flsiube  arv  fsiablisbctl,  ahbtMriijb  iliey  votive  a  iiselul  purpost'  in 

IK*rEiiltiii*:  the  study  of  varioiif^:  foiidhioiis  wbirli  irmy  iiiodiiy  \]w  spcretioii  iif 

mpjicrtiifii'  juice,  yi't  tiif  fluid  poured  cmt  by  tlie  ^tlauds "under  liiese  f ircunisiufiees 

BJyinnLat  all  he  regarded  as  its  nuriiiiii  seerelioii.    Fur  Hir  jnirpuse  nrestatdi.Hliint^ 

ITOfjerniJineui  fmnereatie  fislula,  fisuiall  don;  nitrv  lie  s^eleeUM],  Kince  in  small  iinimuls 

tk"  |>»mtTcas  is  tu'arer  tlie  middle  liue  tbaii  in  larp;e  dogs,  anil  beiiei'  (Im^  parlt*  are 

D'lt  11.S  aiuc  h  dislurljed  by  the  o|ieratioii.     TIil  dtij:  liaviiig  been  kept  tiiisllng  for 

Iwi'iuy  lour  hr>ur*i,  so  thai  tlie  fiancteatir  vess«ls  slioiibl  contain  as  litlte  l>lood  as 

|xisiili]i^,  should  be  nureolized  l>y  a  subeiitimeouR  injection  of  intjrf»liine»  ami  Mk;  ab- 

Muia  one  lied  by  an  ineision  altout  two  centimeters  hmg  tiiade  in  Tbe  tinea  nWm  Jtnd 

«Imhii  miilway  between  ihe  xyplioid  cartilage  and  uiutn'licu**.  Tbe  duodenuuj  and  t  lio 


Fic,  150.— Pancrbatic  Fist n la  in  thb  Doo,    (HrrnarfL) 

A.  «MUtin1a  on  ^Itieh  U  fkntenH  the  nili^KSir  halU,  B:  C,  nt^^^-cook. 


rare  then  lo  be  ilmwn  f>ur  of  the  wound  and  tbe  panrreatiednet  isolated  and 
ed  by  ii  little  eiit  in  one  ;?ide;  instead  then  of  inserlintr  a  rannuhi.  two  picees 
ul  win*  bent  at  an  aiiirle  ure  to  be  introdueed,  one  wire  beiuir  iiassed  toward 
t eland  and  tbe  other  Into  the  intestine  ;  the  remain in*^  biilves  of  eaeli  wire  are 
*lKfii  to  be  twisterl  toifefber  so  as  to  tV»nn  a  T'^^i'M'^'*^  pieee,  tbe  middle  limb  of 
^hirh  projecis  tbroutrh  the  wound.  Owinir  to  the  shape,  tbe  wires  cannot  fall  oui 
*iwl  eannol  ntove  around  in  Ihe  duet.  Fine  whe  should  lie  selected  somewhat 
*<li4ller  than  the  ciibbre  of  ihe  tluct,  so  that  the  tlow  of  tbe  secretion  will  not  be 
'*lt«rfered  with.  The  duodenum  ;iml  j>anereas  are  then  returned  to  the  abdominal 
'.Tiirft  iiirv  bcinir  tnkinir  to  retain  the  wires  in  ibe  wtoind.  tlie  duodenum  is  to  be 
I*  ihe  jilKlomuial  peritoneunt.  antl  the  wound  then  closed.  Intiannmitory 
1^  Uik*i  place  arounil  tbe  wruinl  and  tbe  wires  cause  the  formation  of  a 
Utuhniti  inicl  which  communicates  w  ith  tlic ducts  and  through  which,  after  a  week 
Ot  tii*^  jJiice  mny  be  collected, 
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Ilchknliam  bus  employed  a  mftlitnl  nt'  rsUihlrsliing  permAiienl  pnncreatiBi 
flstuliv  whicli  lie  cliiiiiis  Ml  hnvv  yifkk-d  in  his  bands  natigfactory  result'  Hit 
excises  tbal  portion  oT  tbc  duoib^niini  whicb  conuiins  cbe  oixMiiii*?  t'f  iIh*  pift-J 
creatie  duel,  rt:stores  ih*f  cniHfnuiiy  oltbe  *rni,  niid  sews  th<f  exci8edfX)rtion,  iftef 
div^isioii  leiiirthwjBt'.  to  Hif  alMlominal  wound,  so  ihtit  i\w  orifice  of  thcMluct  opeai 
extermiUy  upon  the  abtlominul  stiriacc, 

L  The  Chemiral  ContfmsiHon  of  Pafwreatic  Juice, — The  pant'refttil 
8e**retioii  cliril^rs  in  eoinposltion  and  physical  properties  nccordinjL' Jis  il il 
obtaineil  from  (H^nixmieiU  or  teinpurjiry  fistulas  anil  according  to  the aiii* 
mill  from  wliicli  it  i»  ol>tained.  When  olrtuiiied  from  tt^mponiry  fistult! 
in  tlie  dog,  it  is  a  clear  fliiid,  aliiioHt  of  the  cousisteJicy  of  synipjtety 


Fro.  im>.— PA3»cmBATie  F£BTr:LA  in  tub  Ox»    (Cotiru) 

tenacious,  and  of  strongly  alkaline  reaction.  It  contains  few  or  »0  ^Trt 
tiind  elements,  though  corpuscles  similar  to  those  foitnil  in  jsullv**!**^ 
been  claimed  liy  Kiihne  to  exist,  and  occasionally  free  particles  of  oil 
hiin  t\  decided  sally  tiiste.ancl  inider  the  action  of  heat  coasjn i at ••*,** ^^< 
the  white  of  egg,  to  a  tirm  white  masH.  Alkalies  prevent  the  congulatloi^ 
When  alcohol  i?t  added  to  the  fresh  pancreatic  secretion  it  form-s  a 
ouH,  white,  flocciilcnt  [>reL!ipitntc,  which  is  subsequently  in  hri^  H 
after  filtration,  soluble  in  water.  When  very  dilute  acids  are  wdW 
pancreatic  juice,  they  at  first  form  a  turbid  mass  which  suli^iequtoU 
dissolves  in  excess  of  acid,     Thii^  action  is  to  be  explained  as  due  to 
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(rodnction  of  acid  albumen.     Dilute  acetic,  lactic,  and  phosphoric  acids 

Ut  without  apparent  action  on  pancreatic  juice,  but  it  is  i)recipitated  by 

Betallic  salts,  tannic  acid,  iodine,  and  chlorine-  and  bromine-water.     The 

puicreatic  secretion  obtained  from  a  temporary  fistula  in  a  sheep  is  a 

dear,  tenacious  fluid,  which  may  be  drawn  out  in  threads  like  the  white 

of  an  egg.     The  first  portions  secreted  are  claimed  to  have  a  slightly 

Kid  reaction,  which  soon  becomes  converted  into  an  alkaline  reaction. 

Ibe  pancreatic  juices  of  the  horse,  the  rabbit,  the  chicken,  and   pigeon 

MiaTe  in  a  similar  manner,  although  the  pancreatic  secretion  of  the 

nbbit  only  becomes  turbid  when  heated,  and  does  not  form  a  firm  coagu- 

tam,  like  that  of  the  dog. 

The  pancreatic  secretion  ditl'ers  from  the  other  digestive  fluids  in 
the  large  amount  of  solids,  principally  proteid  in  nature,  which  it  con- 
tuns.  Its  specific  gravity  as  obtained  from  temporary  fistula*  may  be 
plawi  at  1030 ;  obtaine<l  from  permanent  fistulas  in  the  dog,  the  pancreatic 
Mcretion  is  a  thin,  water}*  fluid,  with  a  specific  gravity  only  of  about  1010 
or  1011;  the  lower  specific  gravit}',  of  course,  Imng  due  to  the  smaller 
•mount  of  solids.  In  the  fluid  from  permanent  fistula?  the  solids  amount 
to  2  to  5  per  cent.,  while  in  that  obtained  from  temporary  fistuhe  they 
may  rise  to  10  \^r  cent.  Otherwise  the  fluid  from  permanent  fistulie 
igrees  in  most  respects  with  that  from  temporary  fistuhe,  it  is  clear  and 
colorless,  alkaline  in  reaction,  and  of  a  sickh',  saltish  taste.  When 
heated  it  becomes  turbid  and  may  even  coagulate,  while  it  may  also  Ije 
precipitated  by  alcohol,  the  precipitate  being  soluble  in  water.  When 
cooled  down  to  the  freezing  i)oint,  it  is  said  to  d(*i)osit  transi)arent  mu- 
cas-like  coaguli.  The  pancreatic  secretion,  in  contradistinclion  to  that 
of  the  gastric  glands,  is  readily  decomposed;  it  then  ac(iuires  a  ficcal 
odor  and  colors  chlorine-water  re<l.  After  standing  for  some  time,  it 
acquires  an  olfensive,  putrefactive  odor  and  now  no  longer  gives  a  ri'd 
with  chlorine,  but  with  nitric  acid  a  bright-red  color  is  jirodiicod.  This 
reaction  is  evidently  due  to  indol. 

The  pancreatic  secretion  contains  sernni-all)umen,  alkali  albuminate, 
fitt,  soaps,  and  sodium  salts,  and  is  thus  verv  closely  allied  to  blood-serum 
in  composition;  but  it  ditlers  from  it  in  containing  four  ferments, — 
anamylolytic,  a  proteolytic,  one  which  splits  fats  into  glycerin  and  fatty 
acids,  and  the  milk-curdling  ferment.  The  first  three  f)f  these  ferments 
we  pri'cipitated  by  alcohol  and  are  found  in  the  pancreatic  si'cretion  of 
both  earn ivora  and  herbivora.  The  existence  of  the  milk-curdling  fer- 
nientis  not  entirely  beyond  cpiestion.  Pancreatic  juice  is  also  stated  to 
^'ontain  peptones,  leucin,  and  tyrosin,  but  it  seems  probable  that  these 
^'lements  are  not  found  in  i)erfectly  fresh  jnice,  with  the  exce[)tion,  may 
^^.ofatmce  of  leucin.  but  are  formed  throngh  the  digestion  of  the 
^Ihumen  in  the  i)ancreatic  Juice  by  one  of  its  own  ferment'^. 


The  tbllowiiif^  table  represent  the  cooipositioti  of  the  pancmtid 
juice  t>f  tUt?  dog,  ris  obtamed  from  peritiaii^nt  uud  tetujiomrj  tistuk^— 


FMUxhu 

IVraaaoml 

Water.     .......    0008 

Bolids.     ,..,...      ©2,2 

Ormifljt?  mutter*      .....      WA 
Ai^'U, B.8 

*X2 

6.1 

following  table  represents  the  analyses  (»f  the  ash  ^^- 

TflQiTMjrary 

PernuBi*ol 

Bo(]ium,           ......      0.58 

Soduim  ehloritle,    ,                  .         ,         .       7.85 

PnTji^sium  chloride 0.03 

Phi^S^'iiinc  earths  with  tmeses  of  iron,  .      0.53 
S(Hliui!i  phospliateg,       .                  .         -       .  .  , 
Lime  and  magnt'stum.  .        .        .        .0.33 

3,50 
0Q6 

aoi 

0.01 

Tht^  solids  ill  pftiR-reatic  juice  are^  however,  subject  to  great  nn* 
ation.  Beniartl  foniid  iu  tlie  secretion  from  tempo rary  fistula!  in  \k 
dog  8  to  10  per  cent,  of  solids,  Tiedemanu  and  Gnielin  ».7  per  tH?DL  of 
8olids,  of  which  T.89  j>er  cent,  w^ere  organic  and  0,1:2  per  ct'iit.  a^h,  ^^^ 
in  the  secretlou  of  the  sheep  S,S  to  5J  per  cent,  of  soKub  hnM*  Ut& 
found. 

According  to  Hoppe-Se^ier,  in  1000  parts  of  paucreatie  iifcretiod* 
obtained  fi-oni  a  diveitlcnlutn  in  the  piujcreatic  duet  of  the  honiet  SS*-* 
parts  were  water,  8.88  [nirts  organic  matter,  and  8,59  pirts  ask 

In  the  rablnt  the  solidi?*  hnve  hteu  placed  at  LTfi  per  cent.,  wliilMti 
the  mm  1.4S  to  3. 09  per  cent,  of  solids  have  been  determined  tliroui^l^ 
various  analyses. 

The  ratirreatic  Ferments. — The  pancreatic  ferments  may  belOLfctliei 
extracted  from  thu  fi-**ish  ghiud  by  a  process  of  mincing  and  extracting 
with  glycerin  ■  im  addiut^  uU-ohot  to  the  glycerin  extract,  the  prol(* 
lytic  and  amyb^lytic  ferraeiitH  may  be  precipitated.  If,  lioweveft  ^ 
gland  be  first  treated  with  alcohol  before  cxtmet ion  with  glyeeriHi tli* 
proteolytic  ferment  will  not  l^e  fonnd  in  the  solution,  while  thnliastalic 
ferment  wiH  b«f  prc-^ent  in  large  amounts.  It  U  claimeii,  howeYt*f,tltft 
if  the  pfnicreas  of  the  ox  be  allowetl  to  remain  for  a  long  tiiuo  ifi 
alcohol,  r\jul  then  extracted  with  glycerin,  a  preparation  will  be  abtftii*^ 
which  contains  all  three  of  thenc  ferments, 

YariouB  proeesses  have*  boen  pra|x>Red  A>r  i\w  isolation  of  these  thre*  te 
men  is,  Danili'w&ky  rtttiirnmmids  tbr  I  ho?  moIiUiuii  of  the  proieolrtie  U'f^ 
that  the  pancreuB  j^hould  he  tiiken  frmn  an  iininiftl  killed  six  hours  fiiter » cihj"'^ 
int'sib  und,  after  washinift  «ihatild  ho  jrrQund  up  wiib  clean  siiad  aud  {lip*'*^n'<i  t^^ 
rwn  ]iQurii  witli  wat<^r,  ai  a  lompcrufun*  wliieh  should  not  rise  ahtMe  'MPV  thf 
inixriire  ?ihf>uhl  Uien  be  filu.n.'d,  aii<l  Ihp  filtnile,  which  coniains  both  ftoi,^!'^^)'^'*' 
and  proteolytic  feraientf*.  treiited  with  aa  excess  of  calcined  mae^n^iji  to'T»'ro«»R 
fiktrr  aeitU/flltered,  and  iidded  to  oiie'third  its  Tolumo  of  liiick  collodion,  *tirl 
cames  dovi^n  tlip  fll>riri4'«Tment  in  a  cmnilily  mas?.  The  etlier  should  then  ^ 
eTaporaled,  and  the  rejiultlijj^'  uieibs  wai^hed  with  alcohol  and  ether,  »Hti  hj^'^ 
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pfedpilating  with  alcohol  the  proteolytic  fermL'tit  may  be  isolated  compiimtively 
|}ua\  From  tho  filtrate  of  the  precipitate  obtained  witli  eollotiioii  ike  diiistutic 
fcnneutniay  be  iM>laled  by  evaponiting  under  an  air-piiDip,  tiiteriiiir  <df  tlii^  pre- 
dpiUU*»  aiiin  precipilatia^r  with  alcoiiol,  and  dissnlviug  the  preeipitat*-  in  a 
milt QRi  of  two  parts  of  ivater  und  one  of  aleolml.  liy  wliieti  prohjid  tnaifer  is 
removtul  Tlie  reinainini;  ^tilis^iuare  will  convert  j^tarcli  rapidly  intij  8Ugan  **ui  'm 
without  lirtion  un  proleids. 

Kuhoe's  method  i^  to  fonn  sin  uqueoUR  extract  of  ;i  ptUTfreas*  iit  the  freoziijjf 
■  pomt  and  to  precipitjile  wttli  iik'tdio! ;   the   preeii)itJite   is  re-di*.!mdved  in  water, 
Ig&in  precj|iitated  witli  abholufe  alenhol,  and  the  pretlpitatc  a  sec-ond  tirni'  rt'-dig- 
lolTediii  water  and  treated  with  aeeiic  acid  up  tr»  1  per  cent. 

I  Tju' »ume  treutnient  is  repeated  a  second  time,  tind  I  he  watory  solution^  iii\vt 
the  addition  of  iieetic  acid,  h  warmed  to  4*)-  ('.  tuid  then  liltereiL  The  Ultered 
l^\i\il  is  made  atkaliije  with  sodhun  hydrate.  I13'  wliirli  tin"  LTcalrr  part  of  the 
ftuiiiy  siil!H  and  tynmiii  Jtre  precipitated,  the  trypBin  nr  i>n>te<dytie  fennt^il  h  then 
fn?cd  Uy  dialysis*  from  tyrosin,  peptones  and  other  crystallfne  substances,  and 
final  1?  ])re  c  i  pit  a  t  e  d  with  a  I  co  h  ol . 

Piiscbutin  re  ccnn  mends  a  liroress  for  the  isohition  nf  these  ferment  si  which 

«*peDds  uprtn  tlie  fact  that  solutions  of  ditierent  salts  have  xiJeeinl  cjipahilities  of 

,  tUrsct in i:  the  separate  ferments.     He  found  that  sodium  cldtiride,  euteium  chlo- 

.'*te,  iiDd  siidiiim  sulphate  were  able  to  dissolve  till  three  ol  the  ferments,  while 

i  Jfla'rsoluiions  had  special  deirrees  of  powa^r  in  (^xtractin^  tlie  ijidividnal  ferments, 

[  Tlaia.  the  proteid  ferment  is  especially  dis*.nlved   by  potassium  iodide,  polussium 

•i^eftiate,  and   potajstsium    sul[diate.     Yhe   fatly    tcruieat   is  rradil.v  extiarted  l»y 

*oliuions  <»f  bicarbonate  of  sodnim  containin*:  a  snrall  qimniity  of  caustic  soda, 

*'ji]f*Uiedirtstatic  ferment  m  most  readily  extracted  hy  a  solutirm  of  arscniatc  of 

I  Fot&^iutu  to  which  a  small  quantity  of  aitnnonm  has  been  added. 

2.  lite  Action  0/  the  Pane r vatic  Juice,  on  Food-Stuffii, — Wbcti  ^tudy- 

^IHggjistric  digestion,  it  was  seen  that  iiU   the  ditfcrcnt  idieuoiueuii  rutdd 

Miiuit  conveniently  stutlied  with  an  artihciid  tluid  in  experiments  coii- 

■wJi'tcd  outside  of  the  body.    The  same  eoiiditions  prevail  iti  tbe  sttidy  of 

P^ncrmMc  digestion.     An  urtiticitd   [intieieatie  juice  muy  be    mnde   by 

[three  il i ifc rent  p rocesse s  :— 

yir»t.  The  tresh  pancreas  of  a  do^j  killed  some  lioiirs  after  a  full  meal  is  cut  into 

P«t^*t,  washed  to   remove  tbe  blond,  and  then   infusetl  for  tw<j  hours  in  four 

5Je%  its  weisrht  of  water,  wanned  Jo  :3"j^C.,  taking  care  to  keep  tbe  mixture  at 

'»lifiiipeniture  during  I  tie  wdiole  time  of  infusion.     It  is  tlien  to  be  filtered,  first 

Mijuh  inii^lin  antl  then  throiij^di  pajicr.     Since  the  filtrate  will  Ik'  usually  acid 

I  the  dcvelopnient  of  fatly  aHd??  through  Ibe  aetitm  uf  lermenis  on  Illl^  of  tbe 

»?,  il  must  be  neutralized  with  sodium  cariHmtite.    Tbe  fluid  will  he  sli^^litly 

ih>eent  from  the  small  amount  of  fat  liebl  in  iIr"  fnrm  of  emnlsioir,     This 

rfptimtiim   Ims  all  the   propi  riles  of  piincreiitie  juice,  altliough  the  degree  of  its 

ligMtive  Mclion  on  proieids  will  depend   u]ion  I  be  nutritive  suite  of  the  ]ranereas 

WW  whicli  it  was  made.    For.  if  ibe  pancreas  of  a  fasting  animal  w*u»  emidoyed, 

I  will  piissess  scarcely  any  dtjjfeslive  powers, 

Stfumf,  An  artificial  pancreatie  juice  may  be  obtained  by  allowinfr  a  mineed 
inrrens  tn  remain  for  two  days  in  absolute  alcohol,  which  is  Ibeu  b"  lie  Ultered 
Tfthd  the  residue  coverc^d  wbh  irlyeerin  ;  this  jrlyeerin  extract  wdl  contain  a 
^J^idendde  quantity  of  tin*  amylolytic  terment,  w^tiHe  tbe  quantity  of  inoteolytic 
neni,  as  in  the  first,  will  defiend  iip<m  tlie  conditiim  of  the  ^land. 
Third,  Tlie  pancreas  imiy  be  taken  from  an  animal  in  full  digestion,  minced, 
Irubht'd  up  in  a  mortar  with  powdered  i:rlass.  F<u*  each  frramme  of  i:hind-snb' 
,  one  cuinc  eenlimetfr  of  1  per  vrn\.  acetic  acid  sbonld  be  added  and  mixed 
-  Jltfhly  in  a  mortar  for  ten  minuter,  tind  then  ten  times  its  volume  nt^iyeerin 
J*^M''fl  an«l  tlie  w^hob*  allowed  lo  stiuid  for  three  d-AV^.  This  preparation  will  eon- 
*Ain  .1  much  lanrer  piopurtion  of  prntetdytic  fcrineni  than  was  oljtained  hy  either 
^1  tin-  preredin^  pa^eesses,  since  the  aeetie  acid  seeins  to  possess  tbe  piiwer  of 
5^>nr(  nini;  into  feanenl  Ibe  zymogen,  or  tht?  substance  wiiich  yields  the  pndeo- 
*^tic  ferment. 
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Action     on    CartKihi/drates.-^YsileYitm    pointed    out    ibat  tin 

pftncTeatic  juiet-  was  eHpalile  of  f^unvertifig  sstsirch  into  sugar,  and  nrjirfj 

ftU  tliat  was  i^tiited  witlx  repini  to  the  action  of  salh^  o»  stnrt*h  mi^iht  b^ 

repeated  for  the  ca^e  of  the  pancreatic  juice,  with  the  single  niodifit^ttiol 

hflt  in  the  case  of  tlit!  paniTfas  tliu  amyiolytic  power  |K»a8e^!i?^e(l  hyitM 

eeretion  is  much  stronger  tljiui   lliat  of  the  feialiva.     The  seciTtion  wii 

watery  extrttct  of  this  gland  in  both  herbivuRi  and  enrtiivoni,  aswdlil 

I  secretion   obtained  from  this    ^bnd    in   birds  (ehu*ken  ami  ^om}^ 

idly  convert  starch  into  t*ii^:ir.     All  the  conditioiiss  which  wi^n*  foiii 

prevent  the  action  of  the  saliva  also  hol<l  here,  with  the  sin  if  k*  eirej 

n  tlijit  t\  Hliirht  detrrce  of  aeiditv  fieenin  rather  to  favor  the  netiuiL 

•nicnt  through  whose  i  inc  pancreatic  juice  is  enabled  in  mmm 

uiFOh  into  supraf  is  api^  Iv  formed  in  the  ghind4it*sue  by  the  tmi* 

mation  of  w         n  i  material ;  since  it  hm  \mv>  fimni 

t  if  the  fernic  ^..^^piettij  cj*   ticted  from  a  frci^ii  ^l.iml  hvel|«' 

j^nd  tl  live  residue  nllowcu  to  ri*mniu  on  ti»c  tiller  for  five «r 

mm  ex  J         i  to  the  air,  a  further  protluction   of  fermcnl  iKr«a 

a  new  rommiion  may  be  again  extracted  by  walcr  tu*  g^ycifnii,    Thit 

result  is  reidly  doc  to  the  new  forrantion  of  ferment,  nud  ntrt  l*}^^^ 

d'^nvv  of  decom position,  ia  proved  by  the  fnct  tloit  if  the  tvfikrv  »*** 
'  the  pancreas  is  once  deprived  of  its  action  on  etarcii  hy  IwOinft 
[Hswer  never  returns  in  any  stage  of  the  subseipient  decomjMifiitifll^ 
,  a  Iftf » ,  a  g  hi  u  ( 1  w  h  i  c  h  h  a  s  1  >eei i  ex  po  sed  for  t  w e n  t y  -ft  j  u  r  ho  itn*  U  ^ 
air  i^  more  aetive  than  a  fresh  ghiud.     The  amount  of  stari-h  wbichlJJT' 
the  action  of  [Miucreatie  diastase  is  converted  into  sugar  ie  aboo«ftia(imt&j 
Roherts  has  e:dciilated  that  pancreatic  diiistase  is  able  to  tnoisform in*^ 
Bup:;ir  and  dextrin  no  h^s,  than  forty  thousand  times  its  own  weitrl'^of 
Btartrb,     The  rapidity  with  which  starch  is  converted  into  sugar  ileijcn^ 
upon  the  proportion   of  ferment   brout^ht  to  act  npon   it-     So  tliat  il 
grad es  of  a c  t  i  \' i t \-  umy  exist  be t  vv ec u  the  a p j n\ rcn  tl y  i n s t  a ntn acc»«'*  i"^ 
version  of  a  small  amount  of  starch  with  a  larire  amount  of  fenaeul,  iwi; 
the  slow  and  grudnai  action  of  a  smnll  amount  of  fennent  onil«?( 
quantify  of  starch.     The  iiroilucts  wluch  result  from  the  action  ^>fl»** 
cresUic   fcrTucut  on  starch  are  entirely  analogous  to  thiKsc  which  i*^ 
from  the  actitui  of  ptyalin  or  malt-<liastase  on  stareli.     When  tlie  plwl 
tissue  is  itself  brouirht   into  cuotact   with  8ulu1>le  rurboh yd rnie*,  l«fl 
aciil  fernicntatiou  ultiniateiy  renults.     Glycogen  is  also  rapidly  coinici 
into  sugar  under  the  action  of  pancreatic  diastase.    Innlln  and  cam 
are  entirely  unaltered   by  it.      The  amylolytic  action  of  the  pimcrwli 
juice  is  suid  to  lie  absi«ut  in  nt-wborn   children,  a [ypearing  lir^t  aft^rf  ^ 
termination  of  the  second  montli. 

(b)   Action  on  Fats. — In  the  small  intestine  the  fats,  which  haveli 
seen  to  almost  entire!}-  escape  the  action  of  the  gastric  juice,  are  bn 
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up  intoaatate  of  euiulsint^  wliilo  u  siuull  mmntity  uiidcriroes  flu^micttl 
cbngt'S,  in  wbicij  futty  hcUIs  ure  libtTateil.     Tlu^  fatU  acids  thus  I i ber- 
ated comliine  with  the  alkaline  buses  of  the  bile  aud  piiuereatic  juice  to 
form  soiii)s.     If  oil,  butter,  or  lard  is  stirred  with  |Miiereatic  juice  ot  a 
teui|*tniture  of  35''  or  40^  Cm  almost  iuimt'difitely  a  ihiek,  creamy  eiiiid- 
im  lit  foniied  whicli  wiil  sland  ft»r  a  hnig  liriK'.     The  iirest>nce  of  gasitric 
joi(K% eTea  when  in  siUlieient  amount  to  neutralize  ibe  alkalinity  of  tlie 
pttiuTtiitie  juice,  is  stsitcd  by  Bcrnanl  tu  have  no  influence  on  the  emnlsi- 
hin,:  profMTty  of  ihi»  sccretifii\  ;   luit  to  y)roduce  it  in  its  bighe.st  dei^ree 
tlipsc'cmion  must  be  normal,  and  thtit  obtained  from  permanent  fistuhii  is 
much  less  ettieacio  11  j^  than  that  from  temponiry  ftstula*.     This  em  nisi  Tying 
power  possessed  by  tfie  i»ancreatic  juicL*  is  clue  to  the  s|iccifie  actiiui  c*f  a 
9\m^l  ferment,  termed  j/enerally  the  emulsive  ferment,  whieli  is  ehiimed 
bvBfrnanl  to  first  emulsify  aud  then  saponify  fiits.     It  is  certain  that  in 
tbesuiaU  iiitestiue  the  principal  change  is  merely  due  to  the  |iroduction 
'»faiU'miilsion,  and  nearly  all  the  fat  taken  iijj  by  the  iibsorlieni  Vessels  of 
kbt^simdl  intestine  is  in  the  form  nf  «n  **mnlsion  and  not  of  a  soluble  soap, 
«itljou!/h  l^oth  chantres  do  occur  in  the  small  intestine;  the  stiponiJication 
i*Jio>vttver,  most  marked  after  the  Ihls  liuve  been  alisorbcd.    T!ie  emulsive 
fmniM(ts,it  has  been  claimed  l>y  Pasdintin,  nniy  be  readily  extracted  from 
^  imnereas  by  ^  solutiiui  uf  liirnrbonate  of  sodium,  aud  this  solution 
^HlrerHlily  emulsify  fats,     ll,  is  ilunljlful  as  to  what  importance  is  to  be 
tttndu'fl  to  this  statement,  since  it  has  been  already  stated   that  a  moIu* 
tioii  nf  bicarbiruale  of  sodium  constitutes  an  extremely  delicate  test 
fcf  the  presi»ncc  of  fatty  acids,  and   when   such   achls  are  present  the 
•dditiun  of  the  bicarbonate  of  sodium  will   almost  inslautly  form  a  per- 
^neiit  emulsion.     Since,  therefore,  it  is  almost  impossible  to  obtain  fats 
^hirli  fire  abs<dutcly  free  from  the  presence  of  falty  acids,  the  above 
•Iauiik'iiI  is  Ui>t  by  iiself  snUlcieut  to  i)rove  that  the  emulsifying^  power 
•T  Ijeinereatic  juice  is  due  to  the  action  of  a  spccilic  fcruH'iit.     Other 
liltHjf  in,  however,  fonntl  in  the  fact  that  the  action  of  fresh  normal  jjan- 
tte»tie  juiee  ini  neutral  fats  does  result  in  the  development  of  free  fatty 
iftifjK  loul  clyeeriu.     Tins  restdt  uiay  even  txike  place  when  the  pancreatic 
IliceliiLs  U»en  diluted  with  twelve  times  its  volunjeof  water;  and  although 
■•trie  juice  and  hydrochhiric  acid  seem  to  interfere  with  this  actirm  of 
4e*»e<Tetion,  tije  bile  appc^ars  to  fucilitate  it.     Just  as  we  tV»und  that  the 
<rflltioti  of  flbrin  with  acid  in  contact  with  peptic  glands  was  a  reliable 
fckl  for  the  presence  of  pei»^in.  so  also  the  power  possessed  by  ibe  pan- 
Ita*  of  «h*conit»07^ing  fats  and  forming  fatty  acids  anrl  jilyccrin  serves 
>r  the  rerHignition  of  the  j»ancrcaw  in  lower  animals,  au(i.  as  cmidoyed 
ith  this  object  in  view,  has  bceu  highly  pcrfectetl  by  Bernanb 

The  emulsive  action  of  the  pancreatic  juice  is  destroyed  liy  boiling, 
nI   the  digestive  action  on  fats   through  the   inJlnence  of  pancreatic 


408 


rHVsruHMiY   OF   THE   DOMESTIC   ANIMALS. 


juice  U,  tlic»rtturo,  of  two  kinds.     ML*t?Iiniiic*iil!y,  it   ibrms  an  enauiii 
with  the  oil^  wliilt»  cliemicJiU^'  it  lil»erates  tlje  tatty  iiciiis  with  g\ytM 
the  form«tion  of  tlie  euHilsiou  being  largely  the  result  of  the  hlH?nithSl 
of  fiitty  aeids. 

(v)  Avlion  on  Prolriti)^, — The  action  of  i>anrreatie  juice  on  (iroU-idt 
coinciiles  witl»  that  of  gastric  jiriee  in  so  far  that  in  both  cuseii  ihtum 
version  ia  fine  to  a  ferment  wliirli  is  tlestroyed  by  iical,  and  tlmt  IkM|| 
secretions  convert  proteids  into  iH-ptoneH.  Many  points  oi*  coutTn^ 
Lowcver,  i«xisf.  In  the  llrst  |iiace,  it  was  seen  that  gantrir  digestioi 
required  tlie  presence  of  dilute  hydroehlorie  acid.  In  the  ease  of  [uiu. 
creatic  digestiuu  it  will  lie  fomKl  tlitit  a  half  of  1  per  (»ent.  ftoluiirtutif 
sodinni  eiirbouate  prodnfeM  lijf  most  aetivc  results.  If  a  fragment  of 
thoroughly  boiled  tibriu  is  phiet'ti  in  an  artilieial  pancreatic  juice, nsidl 
hy  adding  a  few  drops  of  the  glyeerin-fieetie  acid  extract  to  a  I  percent 
Holntion  of  sodium  carbonate,  it  will  ultimately  dissolve,  Imt  the  proert» 
will  diifer  fnim  that  occurring  in  gastric  digestion.  After  Uaviaf 
remniiRMl  fnr  an  Inmr  or  two  in  contact  with  the  pancrciitie  juitv.tfa^ 
hitrin  will  at  Orst  ai>pear  to  be  unaltered,  but  if  it  is  stirred  wiili  »  nla** 
rod,  many  small  fragracut^^  dissolve,  and  on  removing  some  of  the  br^ef 
pieces  ami  washing  them  witii  water,  tlicy  arc  seen  to  l»t^  oorrodetl  ai«^ 
as  o[pa<|ne  as  belore.  but  not  t*wollcu  and  tnins|jarent»  as  woidd  occur  in 
an  auah^gous  stage  of  gastric  jniee.  Besides  thei*e  tituperficini  ebitnj^r*. 
however,  the  pro]vevties  of  the  fibrin  have  been  considerably  m«Klit!ftl 
Undigested  boilcil  filu'in  is  entirely  iusoluble  in  dibite  acid,  ant!  if  ibw 
boiletl  filu'in,  which  has  been  |>artially  digeste<l  by  |»anrrcatic  juioe.i* 
plaeed  in  a  two-tenths  of  1  jyer  cent,  solution  of  hydrochloric  liciiKli 
will  be  rapidly  ilissolved,  and  form  a  solution  of  synlonin,  which  iimylil 
preei [dilated  by  neutiabzatiou,  BcdVMc  being  dissulved,  therefore,  IkiIM 
fibrin  is  reutlered  by  pauereatic  Juict*  more  soluble  in  dilute  acid  tlum, 
even  raw  librin,  which,  as  is  well  known,  will  not  dissolve  for  tamf 
hours. 

Agaiu/ui  I  hi*  stng:e  of  pancreatic  digestion,  the  lM>i|ed  fibrin  liecoioei 
soluble  in  a  H>  pi-r  cent,  solution  of  sodium  chloride,  ami  is  rv^ll; 
eoaguhitcd  by  nitric  lo/id  j^ud  l>oiling;  it  thus  ap[iears  that  the  lir^l  ^U? 
ill  tlie  ijancreatic  iligestiou  id"  boiled  tiirrin  is  tu  i-hange  it  to  a  solnbl 
iiHuuinnoid,  somewhat  resembling  raw  librio. 

Again,  if  the  fibrin  be  allowed  to  ri'maiu  in  pancreatic  juice  until 
has  been  dissolved,  a  [>rec)pitatc^  may  ho  furrued  ou  nentralization  whic 
is  evidently  of  the  nutur*'  of  au  alkrdi  albiuniuate  and  analogous  to  tb 
parat^cptone  formed  in  gastric  dij^esttou;  while  boiling  will  also  produce 
precipitate, — a  phenomcuon  winch  is  entirely  nureiu^esented  in  any  km» 
stage  of  gastric  digestion.  Although,  as  rd ready  nu'ntioned,  an  alkalrn 
reaction  aii|""OH  to  favor  pahi  iNtMi*"  tligestitm,  nevertheless,  it  apj>«i 
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'.that  proteids  may  be  digested  in  pancreatic  infusions  with  a  neutral  or 
fcTcn  faintly  acid  reaction;  it  even  appears  that  in  the  case  of  the  pig 
i  tke  pancreatic  infusion  is  only  active  in  digesting  proteids  when  the 
:  intestinal  reaction  is  acid. 

I         As  already  mentioned,  the  pancreas  is  not  under  every  condition 
[capable  of  forming  a  secretion  which  will  digest  proteids,  and  under 
;  vanj  circumstances  infusions  of  the  pancreas  will  be  entirely  inert  on 
Ifroteids.     This  would  seem  to  indicate  that  while  trypsin,  or  the  proteo- 
](ytic  ferment,  is  formed  in  the  cells  of  the  pancreas,  it  is  preee<led  by 
mother  substance  termed  z\'mogen,  which  is  gradually  in  the  normal 
conditions  of  the  gland  converted  into  trypsin.    In  support  of  this  state- 
ment it  may  be  mentioned  that  the  pancreas  obtained  from  the  slaughter- 
bonse  or  from  fasting  dogs  is  often  inactive,  while  the  most  activity  is 
present  about  four  or  seven  hours  after  feeding.     It  is  supposed  that  the 
lymogen,  which  is  soluble  in  water  and  glycerin,  and  which  is  found  in 
tbe  inner  zone  of  the  secretory  cells,  is,  through  the  gradual  action  of 
oxygen,  converted  into  tr3'psin.    This  conversion  normally  occurs  in  the 
interior  of  the  gland  during  digestion,  but  even  inactive  glands  may  de- 
Telop  trypsin  through  exposure  to  the  air  after  death  or  by  the  action  of 
dilate  acetic  acid. 

SchifT  and  Herzen  claim  that  there  is  a  close  connection  between  the 
action  of  the  spleen  and  the  develoj)ment  of  trypsin,  and  they  claim  to 
bate  demonstrated  that  the  pancreas  of  an  animal  from  whom  the  spleen 
has  been  removed  is  incapable  of  digesting  proteids,  and  that  if  such  a 
pancreas  1>e  rubbed  up  with  a  portion  of  spleen  it  will  then  acquire  the 
iwwer  of  digesting  proteids.  This  statement,  however,  needs  further 
confirmation. 

When  the  pancroiitic  dijrostion  of  proteids  is  ])rolonged,  in  addition 
to  ])eptones,  various  other  bodies  ninke  their  iipjieartmce.  Lcucin  and 
tyrosin  api)ear  in  large  amounts,  with  traces  of  asimraginic  acid,  xanthin, 
an(lalK)dy  which  is  colored  red  with  chlorine- or  bromine-water.  The 
loujjer  tiie  pancreatic  digestion  is  i)rolon<red,  the  larger  will  be  the  tunount 
of  leiiein  and  tyrosin  i)resent  and  the  sninller  the  amount  of  j)ept()ne ; 
fromwhich  it  would  api)ear  that  these  crystalline  substances  result  from 
the  gradual  breaking  down  of  the  i)ept()ne  itself. 

Kiihne  explains  this  result  ]>}'  suj^posing  that  the  allmminoiis  bodies 
under  the  action  of  trypsin  become  converted  into  two  forms  of  i)eptone, 
to  which  the  terms  respectively  antii)eptone,  which  does  not  undergo 
further  change,  and  heniipeptone,  the  latter  in  normal  digestion  being 
converted  into  leucin,  t\'rosin,  etc.,  and  readily  undergoing  i)utrefaetion. 
Insulting  in  the  formation  of  indol,  skatol,  and  i)henol. 

If  a  i)ancreatic  digestive  mixture  be  neutralized  so  as  to  i)recipitate 
alkali  albumen,  and  then  treated  with  an  excess  of  alcohol,  the  greater 
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jmrl  of  tlif  pejikme  will  be  precipitated.  If  the  alcobolie  fluid  betljffi 
nciiilulnted  with  jifctiu  noid,  boiled,  lunl  filtured,  Jeucin  and  iynmi^  viil 
Bepanite  wlieii  the  Jilti-ate  is  Cf^noi^iitniturl  by  evaporation.  iJy  li€«itin| 
this  de[>osit  with  wnter,  the  leuoin,  wliioli  is  rKudily  ^ohible  in  water.Hijr 
be  sepnmted  from  the  tyrosfin,  wliii'h  U  not  s^o  solulile, 

Lftmn,  or  amido-raprmp  urifl  (OnHiflNOj,  lufUJiigi^  tn  i\w  tlit*-  '  *  ^^ 
i»  n   etmstaiil  decomputiiiinn   irroOlirt  of  iilbuioen  and   va^kju^  iir 

f* ranees.     Leucin  occurs  m  llu'  iVirm  of  wbiti",  t^ljining  liimdhe.  whii  ^- ...    

in  t'lher  und  t.*liU)rt>tbriii,  n^adily  sohible  in  iilkjilies  and  acids,  f^pinnnllv  wka 
hijL  h  reudily  eryatiilli/.efs  tnnn  ha  sohrtiofis  in  luit  water  hi  j^plittHml  'nw*t\ 
CO  II  i  pos  ed  of  ^  n  y  ii  pi  1 1  ir  a  1 1  f  \  h  I  w .  w  h  i  r  p,  ^  I  isle  ii  1  n  g  ii  ee  dies.  W  b  c  u  h  ft-  w  <  r^  kUidi 
of  Itiuda  ar«  pkcc^l  ciri  pbitfniim-fiMl  juid  t'vHiuiniicd  i^eullv  wjtii  a  dn»pofQitH£ 
iidd.  if  a  few  drops  of  (musiir  soda  tin*  uMvil  »o  tbe  colurk-ks  resitlue  ji  jDlkf  (^ 
bix^wnliih  mass  is  obtahied,  wlilch  forms  uii  oily  drop.     (Seberer's  te*f)' 

If  a  dilute  tiolution  of  kHjcin  is  Iwiled  with  cupric  liydrate  in  ejict'^Jimb 
vi«ik*t  scttlt'i*  are  depfis*Jted  oir  c(>oli«g. 

T^rosifi  (fyHi^NOs)  is  a  member  of  ibe  aromatie  gniiip.  and  n\Mj  U 
obtained  from  hIiuosi  any  pruieid  under  the  action  *>f  Blrouff  oxidtKing  ufenu-  ll 
remaina  in  llie  deposit  of  pantreatlc  dtgeslion  of  albuminoidi^^  prr(iiHR'«l  iwab*^^?. 
uftrr  ihe  leitern  h^s  been  removed.  By  dissolving  this  residue  Id  ln>t  wtitff.  tftd 
rapidly  crystal  Hssnig  by  tlif  iMlthtlon  of  ammonia,  ty rosin  Qiay  lie  (fclitjiinnl  ii 
Inle  Table  purity.  1 1  Ibeu  ot'rurB  in  Ihe  form  of  fine,  white,  Silky  at'tdlt^*,  i:<rttr 
jilly  jirranf^ed  in  t^beafdike  bundl^^s*  wbieb  dissolve  in  hot  dJlnuMininiunb,  ;vJiiJ.irf 
depusihr^d  on  iooling  the  si^lution  ni  brilliant,  rolorleRR.  railiivtin^  At^?,  Il  n 
inHi>bible  m  absolute  sdrobol  and  elher,  tilraost  Insiduble  in  eokl  waltr,  iai4 
sUj.fhtly  i^oluldc  in  hoi  water,  but  reiidily  soluble  in  the  mineml  acidsttad  in »»«» 
dtlute  ammonia. 

If  a  liot,  watery  sol  tit,  Ion  of  tyrosio  is  treaietl  with  a  few  dru|i9  of  .VIilk«'» 
reaj^ent  lo  boilini^.  ti  dark-red  color  appeiirs,  and  when  the  solution  ia  ctmocfjirai^ 
deposits  a  darlcred  preeipbiite*     (Ilorfman  s>  test.) 

Tlie  appHf-ation  of  Scherer's  te*tr.  a?*  in  tlie  case  of  leucin.  will  forais  u-Mtih- 
yellow  resiilue,  which  will  bt^cume  brfiwa  on  tbe  addition  of  tiiusric  ^cmU. 

I  u  the  ft  131  a  1 1  i  n  t  es  t  i  1  le  t  he  jia  n  v  rea  tic  j  ii  i  ee  i^  i^  ve  r  n  lone  eotiufS  il 
con  Lac  t  with  food-stuli?i,  luit  it  meet.^  with  undigested  nin  tiers  niixrf 
Witli  the  results  of  gastrie  digestion,  and  tlierefore  with  the  auiid  p-*trie 
jiiiec  nud  bik\ 

In    tlio  luiiutnl  eccniotny,  therefore,  the  activity  nf  the  [niiietv&ii^ 
juice  must  be  fb  He  rent  from  that  wbicb   Iia,^   lieeii  stated  us  oecfiiriol 
outBide  of  the  body,  wLen  the  operation  of  tbe  pure  paiicrcatie  jwN* 
alone  coni?4idered. 

When  the  neid  chyinc  from  the  stomach  roaches  tJte  small  mlfi^Slt{ 
the  alkalinity  of  the  bile,  pancreatic  and  intestinal  8c<*retion,  to  a  iti^ 
extent,  partially  neutralizes  the  aeid  of  the  i^astric  juice. 

It  iias  lieen  Tnmu\  that  when  panereati*?  jtiice  is^  mixed  with  ■r^i^t'^ 
juiee,  the  sietivity  of  the  rc»uUiii^^  niwlium  will  depeud  greatly  njHjtitifi 
relative  pro]JortionK  of  these  twt)  lluids.  As  a  ritte^  gastnc  jnic'^^^ 
di^estiuii  trypsiiu  rtMuters  the  pancreatic  secretion  entirely  im'il*  "^ 
proee'^sj  oeevirriotr  in  tin*  dnodentun  is,  however,  siomewbat  dilftT?!**; 
for  we  have  already  foitnd  that  the  lirst  effect  of  the  bile  is  to  pre 
tate  pepsin,  and  therefore  the  pancreatic  ferment  comes  into  contact 
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teftcid  constitueuts  alone  of  the  gastric  secretion,  which,  as  has  been 
ifaCAdy  mentioned,  has  but  sligiit  degree  of  acidity,  and  does  not  inter- 
bn  with  pancreatic  digestion. 

The  bih»,  on  the  other  hand,  while  disturbing  gastric  digestion,  con- 
tiderably  assists  the  action  of  the  pancreas,  not  only  in  facilitating  the 
M»ilsific:ition  of  fats,  but  apparently  also  in  some  way  aiding  the  solvent 
aelion  of  the  pancreas  on  i)rotcids.  The  pancreas,  in  addition  to  the 
thee  ferments  alretidy  described,  is  also  said  to  contain  a  ferment  which 
engaUtes  milk,  which  ma}-  be  extracted  from  the  ghmd  by  means  of  a 
eoncentrated  solution  of  common  salt,  the  ordinary  solvent  used  in 
Mking  rennet  from  the  calfs  stomach,  and  which  in  general  is  claimed 
tobehavelike  the  milk-curdling  ferment  of  the  gastric  juice. 

This  ferment  has  been  found  in  the  pancreas  of  the  pig,  the  sheep, 
tte  calf,  the  ox,  and  the  fowl.  The  principal  difference  between  the 
action  of  the  milk-curdling  ferment  of  the  i)ancreas  and  that  of  the 
gutric  juice  lies  in  the  fact  that  even  1  per  cent,  of  sodium  ])icarbonate 
does  not  prevent  coagulation  in  the  former  case,  while  one-fourth  of 
1  per  cent,  in  the  latter  case  does.  The  pancreatic  rennet  is  also  quite 
letive  in  a  neutral  or  even  faintly  acid  medium.  Boiling,  as  with  other 
lolnble  ferments,  destroys  its  power.  It  may  likewise  be  precipitated  by 
ileohol  and  again  dissolved  in  water  without  losing  its  activity. 

When  a  pancreatic  digestive  mixture  is  allowed  to  remain  in  contact 
with  food-stuffs,  it  rapidly  acquires  a  putrefactive  odor,  and  swarms  with 
microscopic  organisms.  Usually  in  eight  hours  a  high  degrot^  of  putre- 
fection  has  tiiken  place.  It  is  to  be  snpi>ost'd  that  a  similar  state  of 
aflair<  fx-curs  in  the  small  intestine,  since  the  conditions  are  there  favor- 
able fcir  the  reproduction  of  bacteria  ;  for  it  is  scarcely  possible  to  assume 
tliat  the  acidity  of  the  gastric  juice  is  sntlicicnt  to  destroy  the  germs 
which  we  must  su})i)ose  are  constantly  taken  into  the  alimentary  tract. 
Acli:iract<?ristic  result  of  the  i)utrelaction  and  decomposition  <.)f  proteids 
isimlol,to  which  the  faecal  odor  of  putrelying  pancreatic  secretion  is  due. 
When  salicylic  acid  is  added  to  pancreatic  digestive  mixtures,  they  remain 
free  from  odor,  and  the  presence  of  indol  cannot  be  detected.  It  there- 
fore seems  clear  that  indol  is  a  result  of  putrefaction  of  the  results  of 
pancreatic  digestion,  and  is  not  normally  a  diiri'stive  product.  Xever- 
thtless,  the  constant  presence  of  indol  in  the  small  intestine  would  show 
that  in  this  portion  of  the  alimentary  canal  such  i)utrcfactive  changes 
almost  invariably  result. 

In  addition  to  indol,  putrefying  pancreatic  solutions  will  develop 
8>Dmonia,  carbonic  acid,  butyric  acid,  valerianic^  acid,  acetic  acid,  phenol, 
'^Qlphurettc'd  hydrogen,  carburetted  hydrogen,  and  hydrogen. — gases 
^hichare  also  found  in  the  alimentary  canal. 

While  such  putrefactive  changes  undoubtedly  occur  in  tlieaiimentar}' 
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eannl,  the  extent  to  wliicli  tbese  processes  take  phifi**  cmi  \^  saipwi; 
[  e^tinmtcd;  t>f  eotiraejlie  more  proteid  whicli  is  ho  hroken  upab^  gr!»«t( 
will  be  tbe  nutritive  loss  to  the  eeoiiomy^  since  siieh  putrefactive  product 
hfive  no  phy^iolofsrifal  value.  It  muj^  therefoiie,  be  nssunied  tliat  il  i 
only  tlie  exeess  of  proteids  ivhidi  is  so  broken  niN  for  uinkr  mmi 
eonditiotis  it  may  Ih:  aasiime*!  that  peptone  is  absorlftnt  a**  fast  m  It  I 
foitned*  In  the  ci\B%  of  the  berbivora,  whose  loiij^  intestiiml  tnrtlj 
neuHy  always  lilled  with  residue  fif  food,  £his  dt^coiupos*iii|j  pr<M*fx*  wi3 
probably  attain  a  higher  degree  than  in  tJie  case  of  the  carnlvora.  Tb 
the  intestiual  contents  are  comparatively  free  from  putrefaotive  odor  n 
these  animals  is  not  an  objection  to  this  statement,  since  it  U  alwav*  m 
largely  composed  of  eelltdoftse  and  i>tlier  n o u-p u t re f active  sul>i^taaee^. 

It  has  been  found  that  the  amount  of  indican  contiiineti  intbenriw 
is  a  measure  of  tije  amount  of  putrefaction  ocenrrin|f  in  the  iutvfriDe, 
and  s^ince  indican  is  pre**ent  in  the  urine  of  lierbivora  in  aliout  Ueniy 
three  tinier  the  amount  found  in  the  urine  of  man,  it  is  evident  tlj.it  i*? 
putrefactive  procej^s  iji  ibe  iutestimd  canal  of  tlie  hcrbivom  uiu?t  W 
also  largely  in  exec&s.  In  addition  to  the  tact  tliut  the  prok^dn  «rv 
rapidly  a bhiurbed  n^  soon  us  acted  on  by  the  digestive  seertlifnust^'^ 
influence  of  the  bile  is  also  to  be  nllnded  to  as  a  preventive  of  putrrfaftM^'i' 

3.  Ulie  Secretion  of  Pnitrnmiiv  Juice. — In  the  pancreatic  feeMi*ja 
the  digestive  juices  reach  tl*eir  maximum  as  reg^ard^  intensity  of  ii^'f*'"' 
and  variety  of  food-stullk  on  which  they  act.  Human  piincreiitiivj'JH'i' 
has  never  bcjen  obtni ued  in  a  condition  of  purity,  and  were  it  notforflw 
atn^lies  nmde  on  nniuuds  this  bnujcb  nf  our  subject  wuuld  l>e  nn  emjJtJf , 
page.  The  volume  fjf  this  gland,  which  is  very  constantly  pre^^iif  »™  : 
flubject  to  a  great  v;iriety  fd"  changes,  is  much  larger  in  the  rarni^tira 
than  in  the  bcrbivnnu  In  tbe  herlilvora  tbe  .secretion  is  constfltib iJ« ^  i 
caruivuni  it  is  intcnnittent,  while  in  the  niniiuant  its  maxim lua  act i* it* 
appears  to  coincide  with  the  end  of  rnnnnation,  wlien  as  ranch  »s  ti» 
hundred  to  two  hundred  and  seventy  grammes  mny  he  seen?t«<l  1*^ 
hour.  During  tjisting  in  the  runiinaut,  although  not  jdisohild)  ^"^ 
penclcd,  il8  secretion  i a  greatly  reduced  in  amount,  in  the  hl)(^^l^ 
experinuMit^  tnnde  by  Leuret  and  Ljissaigne,  Colin  was  able  te  delifnuio* J 
that  the  jiinximum  hourly  i^eeretiun  wns  two  bnndre<l  and  sixtj'P*^ 
gnirnnies.or  iihont  tlie  f<anic  as^  tlnit  of  the  ox^  thongli  piirt  wa^  fr'W'v 
lost  by  not  tying  tlie  sii|iplcmentary  duets.  As  in  tlie  ciuuivuni*  *» 
alsii.  ih  the  berbivora,  this  gland  ia  extremely  liable  to  injiamiuali** 
winch,  of  courne,  will  rttfect  the  generfil  result. 

Another  method  by  which  the  amount  of  panereatic.  ^ecitttf 
poured  out  was  estimated  wiia  to  ligate  tbe  bile-duct  and  pylorus J^ 
empty  the  intestine  by  l>ressiire.  fuid  then  to  tic  its  Iowct  extremitv  «; 
this  way  six  bujidrcd   lo  one  thunsund  gmrnmes   of  clear,  Uia[>al 
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were  collected  in  an  liour,  tlioiigb,  of  r(iui>t\  i]w  tliiirl  wns  not  derivt*d 
8oldv  fruru  tbe  pmicrea.^,  but  eontuiiaed  tbe  sei'retiun  jKKjrt'd  uiit  by  the 
intestinal  glands. 

Thv  jmnereatic  secretion  in  the  hog  has  rertain  olmracteriBtics  which 
an-  ri'utbly  determined.  The  tistuhi  is  iiiude  in  the  name  manner  an  in 
tbtMlofj,  iind  it  is  then  seen  that  the  hourly  secretion  is  tive  to  fUleen 
grjiDimes,  and  that  the  activity  of  the  pauc*reatic  secretion  i^^  in  inverse 
ratiu  tu  that  <d*  t  lie  Ijile, 

In  the  curnivora  the  study  of  this  se(*i'eti<»n  is  ino^t  readily  earrieil 
out.  In  the  sheep  it  is  open  to  difliciilties,  and  has  imt  been  as 
thonm^b  a8  in  the  doir.  No  ratio  between  the  size  of  tbe  imimal 
or  of  the  glund  and  the  ipiantity  of  (iiinereutie  juice  i«  capable  of 
demon  St  rat  ion.  Thns,  tlie  tiaiu'reui^  of  the  horse  and  ox  wei^h 
each  three    hundred    ^irainnies;    both  animaln   are  alxuit   nf   the    siame 


la  10I,~«Kcnos  of  tub  rAweiiisAS  or  tttk  Poo  ry  thk  Faktjno  roNoiTioN, 

ItAJiriKJiCD  Wrrtt  Al.Crjiroi^  AKD  MTAINKD  with  CAKMISTK.     (IfHffrnhnin.} 

p.  and  also  secrete  the  sanje  aioonnt  of  panert'atie  jniee.  In  the 
•bee[i  the  [luncreas  weij^fin  from  filly  to  sixty  grammes,  or  onedtfth  as 
much  i\ii  in  the  lartje  rnmii>ants,  and  yet  only  ]iours  out  seven  to  eiijht 
ainc^  per  hour,  [ri  tiie  hoij  the  ijancreas  weighs  from  one  hundred 
forty  to  one  hundred  and  eiirldy  gramnieK,  and  only  secretes  ten  to 
en  ifrannnesi  perh**nr.  1'li*'sc*  results,  rd'  ronrse,  cannot  he  too  pf*si* 
ely  accepted,  on  account  of  tlie  many  tlisturbintr  causes. 
In  the  pancreas,  as  in  other  glands,  we  may  distinguish  a  period  of 
,  during  which  the  ghind  is  pale  nnd  free  from  bhiod,  and  a  fx^riod  of 
Svity.  during  which  it  is  s\v<»lk'n  ;uhI  its  vessels  gorged  with  arterial 
Clmnges  occur,  therefore,  in  the  pancreas  such  as  have  been  aU 
ii4iy  described  in  tlie  ease  of  the  salivnrv  ghmds.  In  the  earnivorous 
biirmls  the  secretion  ct»mmences  when  the  biotl   is  introduced   into  the 
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stomach  luul  nipidly  re!iehe>«  its  imixiuiuni  two  *jr  thrt?e  hours  therealleR^ 
Towani  tlie  fifth  ur  seveiitb  Inmv  it  dtrre^i^es  in  activity,  ami  alxml 
twelve  Lours  ni'U'T  iWMiiij«^  fttjaiii  beeoines  incrcasftl  in  aiiicmnt,  tbu  t>cL'<m«i 
increase  beiiiy:  aj>[«irttntly  euiiicitk'ut  with  tlie  escape  ul'  the  acitl  cliviaa 
into  the  huvM  iutestiiie.  The  eells  of  the  paiierea.s  also  umlergo  luarkwl 
hialokjgit-al  i-haii^e^  tlnriiii^  the  jx^riod  ol  active  iseeretion.  Iti  tlje[KU*- 
ereas  of  a  fastinji:  dog  two  zones  may  lie  recognized,  the  iuuer  zouf  hi^U/ 
granular  in  nature,  and  with  ditUeidty  staiiitHl  witti  earmtiie,  aiula  siuiilkr 
honiugeut't>usi  outer  zone  whirh  ivjidily  sLains  red.  The  uueleus,  whieliii 
geuenilly  irregular  in  shape^lies  between  these  two  zones  (Fig»  161)*  If, 
on  tlie  other  hand,  a  inicro.seoine  inspeetinn  \h-  made  of  an  animal  in  M 
digestion,  the  outer  homogeneous  zone  w  ill  be  IViund  to  have  un-uth  in- 


w 


Fig.  MS.— Pakcrrah  or  thk  lutr,  \s  the  Fikst  Stage  of  l^rcESTtoN.    i /yd^f^nAflii.) 

creased  in  extent,  while  tin-  inner  jrrannlar  zone  will  Ik*  uUmd^^  al««i 
the  whole  cell  bein^a:  sjnaller  and  readily  stained  with  carmine  (Fi|r.  W 
AlYer  digestion  has  been  e(jm[deted,  the  ap]K'aranee  deserilied  in  tbeftrtr 
ing  cell  will  be  again  regained  (Fig.  163j.  It  would  appear  from  tW 
fiiets  that  the  secretion  of  the  pancreatic  jnice  is  fomieil  at  the  exjie'rti 
of  the  grantdar  material  found  in  the  inner  zone  of  the  secreting  «1K 
while  these  granules  result  from  the  amorjdnni^  homogeue4>us  m»tt«' 
found  in  the  external  zone,  and  which  during  digestion  is  built  np  fr(« 
the  matter  taken  fnnn  the  blood.  We  have  already  allnded  to  tlip  f** 
that  to  obtain  an  active  pancjentic  extract  the  ghmd  must  l»e  taken  frotl 
an  animal  in  full  digestion,  and  that  if  the  gland  of  a  fasting  aniinaHi 
rnlibed  np  with  glycerin  and  acetic  acid,  the  glycerin  extnict  from  soA 
a  gland  will  be  .strongly  protctilytic.     These  rcHulia  are  to  lie  ex]»l:mit^, 
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18  Already  ineuLioiicd,  bj  the*  i\wl  ihnl  tlic  jj:IsiimI  itself  eontaius  but  little 
re«d}'-rormi^cl  (iroteolytic  ferim.^iit,  but  a  substiiuce  termed  zymogen, 
wlikli.  fmai  exposure  tu  the  iamtit^|tluM't»,  or  uiuler  tbc  acliuu  ui'  dilute 

I  tcki,  19  rfiAilily  eonvertet]  into  tViiuent. 

Heideiiliaiii  lias  di-teriniiieil  I  but  tlu*  tuuount  of  zyoiogen  in  tlu*  puii- 
ureAH ("oiiieides  in  uiuuuiit  witb  llie  t-xlriit  of  the  j^n'umilnr  zone;  tbere- 
fore,  Hi  jjjiiRTL'ntu'  ficeretit>n,  as  iu  the  case  aA  haliva»  tbe  aet  of  secretion 

JpoaAc^ses  two  phases:  the  liri^t,  the  jireliniinftry  stage  of  separation  from 
tbet>|oo<l;  the  secontK  tbr  wt^ige  4)f  iniinufaclurin|2;  of  those  coiiytitnent6 
Uitt)  (he  H[ieeifie  ferments  c*f  tbe  si^'eretiuii. 

As  regartln  the  fiction  of  the  nervous  system  on  the  secretion  of 


IL~Pakcb£AS  of  the  Df*a  in  the  Secon^p  Staok  of  tnciKsrioN.    (Ifridenhain,) 

pKncreatic  juice  but  little  h  known.  Both  sect  ton  ami  stimnhition  of 
llio  eenti-al  end  of  the  pnennio^a^tries  temjHirarily  arrest  the  flow  of 
pMiereatic  juice ;  vomit  in  "^  also  bas  tbc  same  etl'ecl,  the  result  iK^ing 
I»rolkably  due  to  the  stiiiinlation  of  tliiw  m*rve,  Stimuhilicm  of  the  gland 
itself  b}*  an  induction  current,  as  well  as  stiiunlalion  of  tbe  medulla 
<*bk)ugaUi,  seeuis  to  produce  au  inc^n^ase  in  tbe  seereti*)n,  luit  fieetion  of 
tlirt  >*plnal  cord  does  not  niise  it.  When  all  the  nerves  goijig  to  the 
pncreas  are  divided,  a  continu<uis  tlow  of  pancreatic  juice  commences, 
Ifld  iniiier  these  circumstances  the  lluid  formcil  has  but  fuliglit  tligestive 
power,  and  its  amount  i«  mil  inllui-need  by  the  taking  in  of  food.  Injec- 
'tfons  of  ether  into  the  Btonuirh  ]>rHductt  an  increased  flow  of  pancreatic 
Jllioe,  while  tlie  secretion  is  suitpri'sstd   in   tlie  dog,  thou;j;h  not  in  tfie 
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rabbit,  by  the  nctioti  of  f\tropiiie  and    bj    BtimtilatLon  of  the   ?^eu&orr 

nerves. 

The  pressure  tinder  which  Ihi^  pnncrentic  juice  is  secretecl  b  Dot 
much  higher  than  tlmt  of  the  bile,  umounting  only  to  about  '^eventcfti 
mill  t  meters  of  mereury, 

IIL  The  iNTESTiNAii  Juice. — In  addition  to  the  fluids  poumi  ouiby 
the  liver  and  the  pancreas,  the  walls  of  the  s^mM  intestine  iU'c  aliw 
abundantty  supplied  witli  glands,  which  pour  out  a  secretion  ^huh 
possossen  a  certain  dige'p^tive  value.  Tlie  largest  amount  of  tbi^.  \\w\\* 
poured  out  by  the  so-ealleii  duodenal  foUiele^,  or  glands  of  Iii(*bt*rldilin, 
to  which  i^  added  the  scanty  secretion  of  the  small,  convoluted, tubdsr 
Brunuer's  glands.  The  latter  are  uiorphologically  ideiitieal  witli  tbe 
glaiida  of  the  pylorus  and  stomach,  and  their  celk  are  turbid  aad  wtimll 


during^  hunger,  while  dii 
Bheep  tlie  liruuner'n 
out  a  fluid  contr" 
dieaolving  protii 
the  action  of  the 


nii 


»^ 


r 


with  the  jjreat^-^ 

impossibility 

inicertainty  surrouudB  their  flu 

Tlie  gland  rt  of  Ijiel>erlf" 
the  mucous  membrane  an 
whicli  numerous  goblet,  mucot 
cntiv.are  tiie  main  s«3uree  of  int 


itfr^n  they  are  hirgc  and  dvnr.  In  tf»P 
tinuoua  layer  and  their  whIIh  jwuf 
vents  wbieh  possess  the  power  of 
it:\reh  i  n to  s ugar.  A ny  thU  a*  to 
hese  glauils  ure,  however,  uliUiiJe<i 
of  tbe  small  nens  of  the  ^IsukIa  awl 
tioii ;   consequently,  the  gn-t!if^ 

ill,  tubular  giamls  s*et  verlMly  m 
cyiinrlrical  cjiitiiciifil  et*ll(i,  fttiKiHf 
[lay  k^  found.  Tlicse  celU.H|^|«^ 
nice,  the  so-called  »*tcett»f»tmrttt' 
Various  metiiods  have  been  proposed  for  obtaining  the  liuki  |i"i>Tt^ 
out  by  thcsi'  glands.  Tbiry^«  method  w.as  to  withilraw  a  loop  of  ^n^^ 
intestine  from  the  :ibdomcn,  and  excise  a  jjortion  sevend  iiidn^ '* 
length,  leaving  its  blood  su[^|>ly  intact,  and  then  restoring  the  eiMstinuity 
of  the  intestine  by  stitching  together  tlie  ends  above  and  lielow'  ^^^^ 
the  exciseil  i>ortiou  had  been  removed.  One  end  of  the  excise*!  jKirtttrti 
wiis  then  eloi^ed  by  i^titches,  while  tlie  other  extremity  was  k^pt  »1^ 
and  rititehed  intc>  the  abdtpininal  widl.  By  thin  means  a  small  jiortioiirf 
tlie  smjill  intesthie  wn>*  isrjlated,  and  ris  it  conmiunicated  with  the  t^xU'fii'r 
the  secretion  winch  it  formeil  could  he  readily  collected.  Telia  impri^*^ 
the  method  employeil  }>y  Tbiry  liy  leaving  both  ends  of  the  i^ol.il*i 
pi>rtiun  oyum,  after  restoring  the  continuity  of  the  liowel,  antl  Mihiii^ 
til  em  to  the  abdominal  wonml.  It  is  evident  thtit  after  this  o|rratioft 
the  small  intestine  cannot  he  regarded  as  being  in  its  normal  eondiUiHV 
for  it  is  entirely  removed  frons  contact  with  the  secretions  and  cbvmc^ 
and  undergoes  a  considerable  amount  of  atrophy  ;  and  ailhouiiU  itt, 
i^eeretion  is  not  contuminated  by  any  other  digestive  fluid,  it  Ci!  "^ 
be  regarded  as  being  in  a  normal  condition. 
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lin  collected  a  con  side  ruble  amount  of  Hukl  hy  placing  a  clamp  on 
tbe  smuil  intestine  of  the  horse  and  emptying  a  eonsidGi-able  portion 
Wow  it  by  gentle  presmire,  and  then  clamping'  it  several  feet  below  tlie 
Bp|kcr  eiiuiip.  Jn  thiH  way  he  obtained  tVuni  eighty  to  one  hundred  and 
twenty  graramcH  of  fluid  in  half  an  hour  from  two  meters  of  the  small 
atestine  of  the  horse.  He  Htates,  however,  that  tljis  (luid  ma}*  be  greatly 
«irttised  by  the  injection  into  the  loop  of  a  solution  of  aloes,  manna,  or 
da;  and  since  its  comjiosition  eoiueides  iiluiost  exactly  with  that  of 
ocUenira,  it  is  proKably  an  exudation,  Xo  reliable  experiments  seem 
lliiive  l>een  made  as  to  the  dif^estivc  properties  of  the  fluid  obtained  in 
i  way. 

Moreau  has  also  succeeded  in  olitaiuinu:  a  large  quantity  of  litiuid 
^  plaRping  the  intestine,  as  in  Colin's  metliod,  and  then  dividing  the 
ves  L^oing  to  tbe  isolated  portion  of  the  iulrstine.     In  this  ojieratiou, 
0,  itis  probable  that  tbe  tluid  is  an  exudation,  as  it  eoiueides  nhuust 
tiJtirely  with  l>lood-serura  in  composition  ;  and  here  also  no  experiments 
M<i  itB  diixestive  powers  have  been  ma<le. 
Tiif^  autlior  has  employed  a  method  for  collecting:  the  secretion  of 
small  intestine  which  is  free  from  most  of  the  objections  which 
ilT  he  urged  against  the  methods  already  described,     A  fistula  is  mr*de 
bi>liie  duodenum  in  the  same  way  as  in  making  a  gasiiic  fi.stnhi,  and  a 
tidie  inserted.     Tlie  operation  is  readily  performed,  Init  in  a  large 
ttlwr  of  animals  so  treatetl  the  tube  will  tear  out  of  the  intestine,  and 
S  experiment  w^ill  eonseipiently  fail.     When  the  wound  has  healed  the 
;  *>houId  be  allowed  to  fast  for  nt  least  twenty-four  hours,  and  then 
tiutestine  wa.*ilied  otit  hy  an  injection  of  lukewarm  water  through  tbe 
miLi.     A  rubber  bidb  is  then  to  be  inserted  through  the  tuUe  into 
I  small  intestine  and  pushed  Itack  townrd  the  stomach,  tiikiug  care, 
Irever,  that  it  lies  below  the  opening  of  the  pancreatic  and  hile  ducts; 
hen  may  he  tiistended  by  water  so  as  to  occlude  the  intestine,  and  a 
Jl  1>ull*  with  a  long  tulic  is  then  pushed  down  the  intestine  and  dis- 
ced with  water  so  as  to  occlude  it  Itclow. 
In  this  w^ay  a  variable  portion  of  small  intestine  is  shut  olf  from  tbe 
ents  of  tlie  alimentary  eanal  above  and  below,  and  its  secretion  in  a 
of  comparative  purity,  and  in  considerable  amount,  may  be  then 
cted. 

Olitaincd  in  this  way,  the  intestinal  }uwe  has  an  alkaline  reaction ; 

^specific  gravity,  1010;  it  gives  no  coaguluni  on  boiling,  and  yields 

^n's  reaction,  and  dei>osits  a  heavy  precipitate  wdien  thrown  into 

blate  alcohol.     Its  composition  in  one  iiundred  parts  is  as  fallows  : 

er,  98,86 ;  organic  matter,  0.54 ;  inorganic  matter,  0.5U.     Tbe  inor- 

matter  is  represented  by  chlorides  auil  sulphates  and  carbonates 

E»diiim  and  potassium,     With  chlorine-water  no  red  is  given,  and  in 
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certniii  tnstiiDces  it  lias  Been  found  to  turn  acid  ou  stfludin^.  As  re^nU 
its  digestive  action,  it  contains  three  ferments,  winch  may  he  preciptutd 
by  alcohol  and  agtiiu  rcdissolved  in  water.  It  will  rapully  comvti 
litardi  into  sugar  iu  a  neutral  or  fjuntl^"  alkaline  mctlium,  while  2  |«* 
eent,  of  acid  and  5  per  cent,  of  liquor  ijotassa  will  prevent  it  Thin  hiw 
ftho  hcen  estnlilmhed  by  Eilenberger  and  Hofraeister  to  apply  to  the 
'  ite»tinal  secretion  of  the  horse.  There  is  a  special  fL*rinent  present 
ieh  will  convert  caue-Hugar  into  inveii^ugar,  or  a  inislur**  of  ImnU^ 

d  dextrose*  Tliis  m  tbt^  only  secretion  in  tlie  botly  which  |ms««ss«i 
s    power*       The  transformation  of  cane^ugar  into    invtrUsilfar  i* 

^>res€nted  in  the  foUowtng  formula: — 


2C,,H,,O,i+2n,0  =  C,^H,.0i,  +  C,Jl,»0,,. 

Savctiart.«e.        Water.  '.  >extrose*  La?iriati&?. 
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Tbe  inversive  ferment  has  l^en  found  by  Bernard  in  the  &mall  int»- 
le  of  tlogs,  nd»ljits,  birds,  and  frogs,  Roberts  has  recognized  it  in  tlir 
uall  intt^stine  of  the  pi*:,  the  fowl,  and  tlie  Imre,  wliile  BalNani  tw« 
iunnd  it  in  the  intestine  of  the  silk-worm.  It  is  tibst-nt  from  tlic  br^e 
intestine.  Wben  a  watery  infusion  is  macie  of  the  mucous  meml'fanpo/ 
the  small  iutestiue^  it  possesses  tlie  power  of  inverting  sngar,  Imt  lose* It 
when  the  infusion  is  filtcreil,  seeming  to  imlicate  that  tbe  ferment  itmnini 
attached  in  such  infusions  to  some  of  the  formed  elements  contaiia^  la 
the  inteistine.  It  is,  however,  possible  to  precipitate  tbe  fernieat  trm 
intestinal  juicCj  and  then  obtain  a  watery  solution  of  the  predpiUI* 
which  will  invert  sugar,  Tbe  iutustinal  jtjices  will  also  dissolve  pr^^tfi'K 
albumen,  and  tibrin,  and  convert  tbem  into  peptone,  after  tlrst  j !«'■>» li 
through  a  stiige  siiuilar  to  that  of  alkali  albumen.  The  action  oM^  ] 
lutestitKil  juit'es  resembles  that  of  the  pancreatic  secretion  in  its  gieu^w 
charaeters  and  in  the  resolution  of  the  fibrin  jieptonc  into  leiunn  »B«i 
ty rosin  and  iudol.  The  ferment  which  is  concerned  in  tliedlgestmii  ofin^ 
teids  is  apparently  cither  not  carried  down  by  the  alcohol,  or  is  nottn^'''* 
o  f  r e s o  1  u t  i o n  i  u  Wii t e  r ,  ft* i^  all  t h  u  a i it b o r *s  e x  pe r i  i nent.s  fa i  I ed  iu  olta>»i< ' 
an  active  sohition  of  tbe  ferment  in  water,  acid,  or  alkali  a!\er  \it^"^f 
tation  with  alcohol.  When  fibrin  is  digested  liy  the  Intestinal  jnic^* 
[peculiar  substance  is  formed,  which  gives  a  red  with  nitric  acid,  iLec^fc*! 
disaiipeariug  on  heating. 

IV.  Feumentation  Processes  in  the  Small  Intestine,— In  ^ 
small  intestine  are  found  numerous  examples  of  the  lower  or^i^ 
which  euter  tlie  alimentary  canal  through  the  foods  and  liquids  '1^^ 
are  swalloweil,  and  wiiich  induee  vniToim  fermentations  sml  p^t^ 
factions  In  tlie  contents  of  the  alimentary  canal,  resulting  in  the 
tion  of  various  gases.  These  gases  consist,  in  the  first  place,  of  air, 
is  swalloweil  with  the  food,  of  which  a  large  portion  of  the  oxy 
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absorbed,  while  the  nitrogen  remniJia  unaltered.  Therefore,  the  oxygen 
will  be  ill  ^intiller  rehittve  ijro[iortion,  as  contriistt'tl  with  the  lulroij^en, 
tbn  h  llmutl  in  the  atmosphere ;  the  carbon  ilioxide^  whieh  is  also 
present^  will,  on  the  otlier  haml,  be  in  relative  excels,  siijce  a  certain 
qiwntily  of  this  gas  ilitfimea  from  the  venous  Uoofl  into  t!ie  interior  of 
llie  at  i  MIL'  n  ta  f}*  can  ah  Hy  dr  oge  n ,  a  ni  m  o  n  i  ;^ ,  a  n  d  e  n  r  1 1  u  re  t  tcf  1  and  s  ii  1  j  i  h  ii- 
rt'ltd  hj'tlrogen  are  also  found  i%s  the  results  of  various  decomijositions. 
V.  Inte-stinal  DioESTioN  IN  DIFFERENT  An«mal8, — The  eoutents 
of  Ibe  stomauh  do  not  pass  suddenly,  Init  graduully,  into  the  small 
iiite^tinej  their  entrance  into  this  portion  of  the  alimentary  can  id 
init  W\n\*  due  to  the  foreiblf  eontniction  of  the  *4tofiiaeh,  but  to  a 
uirm  yf  [^eriiKlie  rehixatiuns  of  the  |ryhirus,  as  a  result  of  special 
stimuli;  dnring  tlie  intervalH,  the  i>ylonm  is  tightl}'  elosed.     Transition 

iialotkMatestine  i*arely  oeciirs  before  digestion   has  made  considerable 
Idvances;    the   necessary    stimuli,    therefore^   cannot   be   of   a   purely 
■ecbaiiicnl  nature,  especially  as  it  has  l^eeii  found  that  njeelumieal  stimuli 
fcid  to  more  marked  eoutruetion  of  the  pyloric  ring  rfither  than  to  its 
Naxation,     The  stimnlas   which   leads  to  a  relaxation  of  the  i»yloric 
*pliinrtpr  is  probably  of  a  ehemicjd  rmtore,  luit  its  exact  mode  of  opera- 
^ioJi  is  entirely  unkuown.     It  wouhl  seem,  however,  that  fat  is  almost 
*wcii|MihJe  uf  C4iusing  an  opening  of  the  pylorus,  for,  no  matter  how  much 
'«l  !«>  jriven  in  the  food*  nearly  the  same  amount  will  he  found  in  the 
'•itestinc  after  four,  five,  or  twenty-one  hours,  showing  that  the  i*ylorus 
*llows  DO  more  t^>  pass  than  may  be  taken   up   by  the  villi ;  therefore, 
fe  is  never  an  aceiimulation  uf  f:it  in  the  intestine. 
If,  during  the  latter  stage  of  gastric  digestion,  a  transverse  section 
made  through  the  damlenum,  on  the  mneous  surface  will  be  found  a 
ite,  |>asty  enndsit>n  ;  then  comes  a  yellowish,  cheesy  preeii*itiite,  pro 
hy  tiie  bile,  and  iu  tlie  centre  will  be  fouml  a  thin,  ^ellowishdirown 
id,  containing  jiarticles  of  undigeste<l   food.     If  audi  a  section  1)0 
e  still  lower  down  in  the   intestine,  further  from  the  stomach,  the 
layer  will   lie  fmtjd  to  have  decreased  in  amount,  while  the  central 
will   l>e  relatively  more  al»undaut,  and  becomes  dnrker  and  darker 
lor,  until  at  the  lower  ptrrtiou  of  the  small  intestine  it  is  of  a  deei>- 
I  color.     8ome  ot  tlie  flnid  constituents  contain  many  gas-bubbles, 
fcntral  fluid  has  always  a  more  strongly  acid  or   less  alkaline  reac- 
than  the  pt^rtiou  of  the  intestinal  contents  in   contact  with   the 
ktinal  walls. 
s  we  have  seen,  the  chyme,  as  it  issues  from  the  stomach,  is  snl*- 
to  the  action  of  the  intestinal  secretions  l>efore  being  ready  for 
irption*     The  character  of  the  chyme,  as  indicating  the  character  of 
ive  processes,  varies  in  difrerent  animals,  and  has  been  closely 
Colin,   whose    description    is    here    maiidy  followed.      In 


420 


PHYSIOLOGY  OF  THE  DOMESTIC  ANIMALS. 


carnivora  the  chyme  is  scanty,  gradually  giving  up  matters  ready  foi 

al>sorption,  :iinl   passes  slowly  tlirtjiijrli  the  intestine.     Thus,  seven 
eight  hours  after  ti  mcnl  of  one  thoui^iiml  grammes  of  meat,  only  fifty 
one  hundred  grammes  represent  the  weight  of  intestinal  contents.    Tin 
small   intestine  in  carnivora  is  never  distended,  as   in   the  case  of  tiM 
omnivora,   and   eHpeuiall^^  the    herbivora,  but  it    is   iilways  a  flatten< 
cylinder*     The  stomach   appears  to  regulate  the  amount  which  piis^ 
into  the  small  intestine.     The  small  intestine  in  non>rurainant  herbivomj 
as  the  horse,  receives  large  volumes  of  ch^-me  from  the  stomacb,  and: 
rapidly  disperses  it  through  the  entire  small  intestine ;  but  altboiigl 
the  small  intestine  has  a  capacity  four  times  as  great  as  the  stoinad 
it  never  contains  as  much  as  may  lie  contained  in  the  stomach  wiiet 
distended »  for  after  a  meal    the  contents  of  the   stomach  are  raj>i<llr 
distribtited  between  the  small  iute^Jtirie,  stomach,  and  ciecum.    If  tbe 
contents  of  the  small   intestine  of  tbe  hor&e  he  examined  at  vartow 
intervals  atler  feeding,  it  will  be  found  that  40  to  50  per  cent,  of  tbe 
carbohydnites  in  the  food    have  been  digested    in  the    stomach,  wliil' 
30  to  50  per  cent,  of  the  album inoids  and  40  to  60  per  cent  of  ik 
non-nitrogenous  constituents  may  still  be  recognized. 

In  tbe  horse,  the  fluid  found  in  the  duodenum  and  jejunum  isusuaUf 
acid  in  reaction,  yellowish  in  color,  turbid,  and  viscid.  It  i«  caiwMeof 
digesting  i>roteid8  and  starclj,and  its  ferments  may  l>e  precipitatt^  *T 
alcohol  and  redissolved  in  water  without  losing  their  activity,  hi  ^ 
ileum  the  contents  are  usually  alkjtline  in  reaction,  brownish-yellow  ii 
color  from  the  bile-pigments,  turbid,  but  contain  less  mucin  tlmn  t^ 
duodenal  contents.  Intestinal  digestion  in  the  hor^e  is  of  con»i<lei»l^ 
importance  ;  only  from  23  to  52  per  cent,  of  untligesteil  albumen  w^ 
from  38  to  59  per  cent,  of  undigested  carlmhydrates  are  to  k*  fonmlii* 
the  duodenum,  although  there  can  be  no  doubt  but  that  large  amoOM*^ 
of  entirely  undigested  food  pass  from  the  stomach  into  the  small  inl'^ 
tine.  When  the  food  has  a  prolonged  sojourn  in  the  storaucU  but  J  t* 
10  per  cent,  of  its  proteid  constituents  may  be  left  untouched  fi^rdiffS* 
tion  by  the  intestinal  secretions,  Imt  where  this  is  not  tlie  case  it  duV^ 
safely  stated  tliat  at  least  60  percent,  of  tbe  proteids  have  to  he  digv"^ 
in  the  small  intestine.  These  facts  would  seem  to  indicate  that  iu«* 
pedes  digestion  is  almost  continuous.  In  ruminant  herbivom  tlie 
of  afl'airs  is  dilTerent ;  there,  the  contents  of  the  intestine  only  repi 
one-eighth  to  one-tenth  the  amount  contained  in  the  stomach,  and 
rumination  is  suspended  but  a  com}iarntively  small  part  of  tbi»  fo^ 
remains  unchanged  to  Ih3  acted  on  by  the  intestinal  secretionn.  In**** 
nivora,  stiit  another  state  of  affairs  occurs.  The  stomach  holds  jIb*** 
all  the  alimentary  matter,  only  small  quantities  of  liquefied  ch-^"  '  ""*■ 
ing  into  the  intestine,  and  as  tbe  gastric  digestion  in  these  .- 
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complete  the  contents  of  the  small  intestine  nmoynt  to  only  one- 

Ih  or  oiie-twentietli  of  the  gastric  contents.     Aliments  mare  or  less 

bnefied.  aceordiiiiij  to  the  qiianlit^^  of  fluid  contained  in  thi*  alimentary 

t^  pref*ent  a  ditferent  chiiracter  in  each  portion  of  the  inti*stinal  tube. 

lsoli{M?des,  for  example,  in  the  small  intestine  they  are  mixed  with  a 

blck,  yellowish,  viscid  fluid;  in  tlie  caH*nm  they  are  siispcndrd  in  a  large 

^raoimt  of  fluid  not  deprived  of  viscid ity  ;  in  the  great  fixed  colon  they 

tre  still  soft,  but  as  the  floating  colon  is  approached  they  acquire  pro- 

ive  dryness  and  are  moulded  into  balls,  which  stick  to  the  valvnla? 

V  t^ites- 

The  bile  of  the  hog,  as  has  been  mcntioneil,  contains  no  amylolytic 
ferment,  but  is  capable  of  emnlsifyinp:  rancid  futs.  The  intestintd  juice, 
tccortling  to  Ellenberger  and  IJofmeister,  contains  a  diastatie  but  no  other 
ferment,  a  statement  which,  in  view  of  the  general  presence  of  the  invert 
Jierment  in  tlie  secretion,  needs  contirmation.  Tlie  pancreatic  jniee  con- 
iiiLS  three  ferments,  and  is»  there  lore,  possessed  of  the  same  properties 
ft*  in  (ither  mammals.  Consequently,  in  the  intestinal  canal  of  the  hog, 
allmmiuoids  are  peptonized,  starch  converted  into  sugar,  and  fats 
[digested  and  emnlaifled.  Absorption  in  these  animals  is  cxcei>tionally 
Hpid,  so  that  examination  of  the  in  test  in  id  contents  will  reveal  but 
tnmlj  ninonnts  of  digestive  i>rodncts,  IVqitone,  especially,  seems  to  be 
ibeorbed  as  rapidly  as  it  is  formetl,  while  69  to  75  per  cent,  of  the 
ilbtimiaous  food-stiitfs  and  65  to  T2  per  cent,  of  the  carbohydrates  found 
_itt  the  small  intestine  has  been  digested. 

The  reaction  of  the  small  intestine  of  the  hog  is  usually  acid  throngh- 
half  its  extent,  the  acidity  sometimes  extending  through  ftve-sixths 
tts  length. 

After  feeding,  the  first  portions  of  the  meal  appear  in  the  small  intes- 
tine in  from  three  to  four  honrs,  while  three  Iiours  later  a  portion  of  the 
intestinal  contents  has  already  reached  the  cjccum.  Intestinal  diges- 
tion, therefore,  in  the  hog  is  of  but  short  duration. 

One  is  accustomed  to  sjHjak  of  the  reaction  of  the  small  intestine  as 
«elf^vidently  alkaline,  and  it  is  almost  universally  taught  that  as  soon 
AS  tlie  acid  chyme  enters  the  dnodenntn  its  acid  reaction,  through 
tlie  influence  of  the  bile  and  pancrefitic  juice  an<i  intestinal  secretion, 
*t  once  passes  into  an  alkaline  reaction.  This,  however,  is  an  error.  As 
«Lnilt%an  alkaline  reaction  is  rarely  met  with  until  the  very  h»west  por- 
tion of  the  ileum  is  reached.  It  has  I  men  already  mentioned  that  the 
■ciHcbymo  produces  precipitation  in  the  bile,  the  glycocholate  of  sodinm, 
glycochnjic  acid,  and  mucin  lieing  carried  down,  while  the  acid  reaction 
» still  mn in tained,  and  that  this  precipitate  carries  tlie  pepsin  mechan- 
Wtlydown  with  it*  The  importance  of  this  is  seen  when  it  is  remem- 
^>^  that  in  acid  solutions  peiisin  will  deslro}^  the  pancreatic  ferments. 
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Tlie  pepsin  is  only  relea-^ed  when  the  strongly  alkoHne  rtiaction  of  tk 
lower  portion  of  the  snudl  intestine  dissolves  the  bite  precipitattv  It 
can  then  do  no  hfirm,  as  pepsin  is  inactive  in  tilkaline  solutions;  while, ou 
the  other  hand,  the  acid  does  not  interfere  ivith  the  panereatic  digeaion^ 
since  the  pancreatie  ferments  are  still  ea|>able  of  producing  their  clmme- 
teristic  effects,  even  in  a  faintly  acid  medium. 

The  acid  reaction  of  the  small  intestine  is  most  marked  in  fnnjir- 
orous  animals,  and  in  them,  consequently ^  putrefactive  and  fennentitive 
changes  occur  to  a  less  degree  than  in  omnivora  and  herbivoraL    In  th« 
fasting  horse  the  contents  of  tlie  smzdl  intestine  are  i invariably  alkaline, 
this  reaction  being  more  marked  the  greater  the  distutice  from  the  stom- 
ach.     In  digesting  animals^  the  aeid  i-eaction  decreases  below  the  poiirl 
of  entnince  of  the  bile  and  pancreatic  j nice,  and  liecomes  decidedly  nib- 
line  at  the  lower  ixirtion  of  the  small  intestine.     This  holds  in  the  ln>r^. 
ox,  and  sheep,  whether  fed  on  dried  or  green  fodder,  on  oats,  gmn,(^t 
roots.     The  cause  of  the  alkalinity  of  the  reaction  of  the  intestiaal  c^oif 
tents  is  due  to  the  liile,  |mnereittie  juice,  and  intestinal  seeretioiis, Ritfl  i» 
more  marked  the  more  active  is  intestinal  tUgestlou,     Tlie  neidity  aftk 
intestinal  contents  when   present  is  due  not  only  to  tlie  acid  gji^trif 
juice,  but  also  to  the  liberation  of  fatty  and  laetie  acids  from  bcti&iusj 
butyrie  acid  fermentations. 

It  is  seen  from  the  above  that  in  the  small  intestine  se<?retm«« »» 
met  with  which  are  capable  of  establishing  digestion  of  the  vnriuiJs  fm^ii 
stLiflTs,  so  as  to  render  them  capable  of  absorption.  Starch  beetmesfflft- 
verted  into  sugar  through  the  action  of  the  jiancreatic  and  intcitfuJ 
secretions;  cane-sugar  fs  converted  into  invert-sugar  through  th«  artwi 
of  the  special  ferment  of  the  intestinal  secretion ;  fats  are  pfirtiiH?' 
saponified  and  emulsified  through  the  inlinenceof  the  bile  and  jjisuwa'*^'^ 
juice,  while  albuminoids,  throngb  the  influence  of  the  pancre*tk  »^ 
intestinal  fluids^  are  turned  into  j>eptones. 

Ah  regards  the  changes  which  occur  in  albnininoids  in  th<!y  «b*" 
intestine  Jt  is  worthy  olf  note  that  in  all  probability  tlie  formflto  <*' 
leucin  and  ty  rosin  ImB  been  greatly  overestimated,  for  since  the  inU"?rin« 
juices  are  almost  always  acid,  and  since  leucin  and  tj rosin  ctnlv  fi>^ 
in  alkaline  digestive  juices,  perhaps  these  bodies  never  form  aormsllj* 
the  intestine.     It  is,  at  any  rate,  certain  that  but  mei^  traces  of  lew 
and  tyrosin  arc  to  be  found  in  the  intestinal  contents  during  digatio* 
of  large  amounts  of  albumen*     It  is  also  worthy  of  note  tlmt  tb* 
reaction  of  the  intestine  does  not  interfere  with  the  digestion  of  f*P, 
the  lacteals  will  be  found  filled  with  a  milky  emulsion  after  feeding, 
though  the  reaction  of  the  intestinal  contents  is  almost  as  «ctd  i* 
gastric  j  nice. 

At  the  lower  end  of  the  small  intestine  the  reaction  of  the  intati 
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ats  is  usually  strongly  alkitliiie,  and  we  have  tlieu  to  deal  with 
[>rcH:esses  wliieh  are  tfvideiitly  pntiflactivti  in  uaturi'.  lint  a  eiLidl 
portion  of  the  uutritive  parts  of  food  will^  bowever,  be  siibjecti-Hl  to 
Uiei^e  changes,  since  probatily  digestion,  eHt>tM;ially  in  earnivoru  nod 
ruixiiaauts,  is  compkned  before  tliis  portiun  uf  the  tract  is  reached, 
[iiilol  aud  phenol  are  here  found,  and  result  from  the  pntrefaetive  changes 
In  albuminoids,  while  lactic  aei<l,  luityrie  acid,  acetic  acid,  carbcuuc  acid, 
und  hydrogen  are  met  uitli  and  result  from  changes  in  carbohydrates. 
The  ill rterent  gases  found  in  the  small  intestine  have  been  already  men- 
tioned ;  their  character  and  amounts  vui-y  according  to  the  nature  of  the 
diet. 

The  following  table  represents  their  relative  amount  from  ditfereiit 

in  dogs : — 


cn^ 

N. 

K. 

O- 

Meat  diet; 

.     40.1 

45.5 

13.9 

0.5 

Bread  diet. 

,     38.8 

54,2 

as 

0,7 

Vegeluble  diet. 

.     47.3 

40 

48.7 

.  . 

X.   DIGESTION  IN   THE  LARGE  INTESTINE. 

The  absorption  of  all  the  alimentary  elements  which  are  essential  to 

latrition  is  in  the  earnivora  achieved  in  the  small  intestine.     In  these 

himals  the  caecum  is  absent  or  rudimentary,  and  the  colon  is  short  and 

PHHreutfy  nneomphcatcd ;  but  in  the  inunense  eji?cum  of  soU pedes  and 

rlaiD  other  herbivfira  the  digestive  process  goes  on,  and  the  ehauiies 

fhkh  the   focxl    undergoes   in  this   part   of   the  alimentary  tract   now 

-erve  attention. 

L  The  Functions  of  thk  Ciicum,^— The  ciccum,  or  blind  gut,  is  that 

OrtiDn  of  the  large  intestine  which  usually  occurs  as  a  diverticulum  at 

^p<iiut  of  junction  of  the  small  and  large  intestines,  and  in  which  the 

oisttDts  of  the  tormer  empty.     In  man  and  caniivora  this  reservoir  is 

iflimeutary,  and    receives  the  alimentary  mass  alYer  all  its  nutritive 

operties   have    Iwen   extracted.     In  this  class   of  animals,  therefore, 

C4eeiim  can  have  no  physiological  fiinetion  to  fulfill.     In    reptiles, 

chians,  and  the  fish  the  small  intestine  is  directly  continuons  with 

!  large  intestine,  scarcely  increasing  in  diameter,  and  no  ca-eal  ap|)end- 

h  present,  the  reservoir  only  Iteii^j   represented  by  a  long,  lateral 

atntion.     It  is  only  in  mammals  and  in  birds  that  one  or  two  pouches 

!  found  at  the  point  of  union  of  tlie  small  and  large  intestines,  and 

Ijeh  furnish  a  new  reservoir  to  t!ie  alimentary  matters  liefore  permitting 

em  to  ent4*r  into  the  large  intestine  to  be  fintdly  ex[>elleiL 

In  birds,  the  esecum  varies  in  development  and  importance  according 
^^tlieir  normal  diet.  In  the  fieah-i^ating  birds^  the  stomach  and  small 
bjtesttne  are  amply  siirficient  to  produce  the  necessary  chemical  traus- 
Tonimtions  in  the  food  to  render  it  eapalile  of  being  absorbed.     Their 
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Cfl?ea  fire  consequent]}'  rmliraentary  or  al*seTit.    In  vegetable-eating  l>irdi, 
oil  tLic:  other  band,  the  cieeiim  acquires  a  high  degree  of  nuiiorlaiice. 
The  eiftcal  apparatus  in  these  auhnals  is  double,  and  coiislBt^  of  two  bug 
tubes,  syniuietrieally  located  to  the  right  aud  left,  and  connected  witb 
the  aliiueutarv  canal  at  the  point  of  junction  of  the  small  nnd  Urg« 
intestines.     Their   mucoutis    menibmne   is   arranged    in    fokls^  so  m  la 
increase  tlieir  internal  surfaces.     Their  internal  surface  is  supplied  witfc 
irlands,  whieh  secrete  a  fluid,  and  with  villi,  which  fat^iUtatii  alitorptm 
While  it  thus  would  appear  that  in  these  animals,  as  we  hud  it  the  <-*iae 
in  matnmals,  the  development  of  the  cceeuni  ig  in  proportiau  to  the  earn* 
plexity  of  the  food,  there  are,  nevertheless,  eertjiin  exceptions  to  thii 
rule.     In  the  noeturnal  birds  of  prey  the  cA^cum  is  hiii^Uly  developed. 
This  is,  perhaps^  to  be  explained  from  the  fact  that  ft  acts  as  a  compfHi- 
sation  to  the  extreme  shortness  of  the  intestinal  canal  iu  this  specie** 
On  the  other  hand,  in  the  gallinaceous  binls  tlie  ca*cum  i»  v<dajnia<>ai, 
and  yet  in  the  pigeon  it  is  entirely  absent.     This  hitti^r  fact  is,  |.a*rfiRiM, 
to  be  exphtined  by  the  state uu^nt  that  in  the  pigeon  tlie  starchy  mtt* 
ters  are  completely  digested  before  the  caecum  is  reached,  while  sm'lj 
is  not  the  ease  in  the  gnllinacefe.     Moreover,  in  the  pigeon  tint  crop  is 
double »  so,  perhaps,  acting  as  a  substitute  for  the  caecum.     In  mnniiimi*^ 
also,  the  ca?cuni  varies  in  importance  aeeording  to  tht?  chHraeter  of  ik 
suhstauees  with  which  they  are  nourished*     In  carnivora,  aaeh  m  t^ 
dog    and    cat,   whose   foods    are    readily    digestible    and    assimiiftliifi 
the  cff^cnm  is  absent  or  rudimentary.     Its  structure  is  analogous  I otk 
large  intestine;  tiiat   is  to  sny,  this  organ  forms  part  of  the  escrdorj^ 
portion  of  the  alimentary  cauaL     The  hcrbivom,  on  the  other  him'!, Tinl 
their  food  in  substances  wliich  are  poor  in  nutritious  principles,  »iitl  in 
which  the  nutritive  matters  are  inclosed  in  resisting  cellulose  envolo|H'?. 
As   a  conseipienee,  we  And  the  digestive  appamtiis  in  these  anM* 
reaching  a  high  degree  of  perfection.     Their  n]){>jiratus  of  mastication  i? 
com]>lete ;  their  salivar^^  si^cretion  abundant.   Their  intestine  is  extreweSt 
long  and  of  considerable  volume,  so  as  to  niuUiply  the  secretory  ^^ 
absorbent  surfaces  and  prolong  the  action  of  the  digestive  juices. 

We  find  in  the  ruminants  a  eomjdex  and  vohiminous  stoniBch,  wWre 
the  fuod  IB  delayed  for  n  consideralile  time  before  Ijcing  subjected  to  til 
action  of  the  solvent  juices  :  but  in  the  liorse  and  mldnt  the  st<jmftcli  i* 
simple  and  small,  and  we  find  in  the  highly  developed  ciecmii  a  *0^ 
stitute  for  the  voluminous  gastric  pouches  of  the  ruminant  In  th^t 
animals  the  cfeeum  takes  on  the  form  of  an  immense  |tocket,  »ln^ 
length  may  exceed  that  of  the  body,  and  whose  capacity  may  Ite  i*0 
or  three  times  greater  than  that  of  tlie  stomach,  while  its  volume  is 
so  great  as  to  cause  it  to  occupy  tlie  greater  jjart  of  the  atidaroinsil 
cavity.     In  structure,  also,  the  cteeuin  no  longer  resembles  that  af  ti* 
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er  intestine,  I  ml  more  nearly  ai>proach€S  that  of  the  small  intestine. 
i  it  are  fonud  numerous  folds  of  mucous  membmne,  villi,  glands  and 
bllicles,  and  iaro^e  lyiii|»lmtics. 

Comparative  auntumy  thug  shows  that  in  all  animals  whose  diet  is 
imposed  of  substances  difflcult  to  digest  and  rich  in  eL*llulose,  the 
cum  is  higrhly  dt.'vehiiHHl,  if  some  other  or<^u   is  not  siiecialized  for 
1  imrpose,  a-*  in  ruminants.     While  its  volume  is  proin>rtii*natc  to  tlie 
rfurae  of  food  which  these  animals  require  for  tlieir  nourishment,  while 
lis  absent  in  the  suble  and  those  of  the  bear  tribe  which  nourish  them- 
Wvef  on  fruits  or  substances  easily  digested,  and  while  it  is  slijjljtly 
treloped  in  the  earnivora  and  herhivora  whicb  feed  on  tender  plants,  it 
tkigbly  developed  and  actiuires  a  vidue   closely  allied  to  that  of  the 
ch  in  animals  whose  ordinary  food  is  composed  of  bnlk^*  veg^etable 
Ittlistanees  dilllcult  to  digest.     Such  a  state  of  aflairs  is  seen  in  most  of 
'thft  rodents.     It  reaches  its  maximum  development  in  the  soli  pedes,  tbe 
rliiaoceros,  and  some  herbivorous  marsupials.    Its  development,  again,  is 
Lliot  only  dependent  upon  the  decree  of  the  drgestilulity  of  the  food,  but 
[his  inverse  with  ilie  size  of  the  stomach  (hence  its  great  size  in  soli- 
des)  and  with  the  presence  of  special  organs  to  facilitate  gastric  diges- 
on  (hence  iti»  small  si^ee  in  rumiuants).     In  cases,  therefore,  where  we 
Ikave  a  volnminous  stomach  provided  with   an  extensive  mucous  mem- 
»e  and  followed  hy  a  long  small  intestine,  we  may  be  sure  the  ciecnm 
'till  be  poorly  developed.     These  fVtcts  prove  that  t!je  ca*cum  is  a  com- 
pensatory organ  to  the  stomach,  and  that  the  development  of  the  two  is 
io  iurerse  ratio. 

Apart  from  the  oesophagenl  dilatations  of  the  runiinfint,  we  have 
frrtain  other  animals  in  which  annexes  to  the  alimentJiry  tube  serve  to 
mi  m  the  disjestion  of  almost  iudigestihie  food.  These  annexes  may 
tplaee  the  oesophageal  pouches  and  caHnim,  Thus,  we  have  in  birds  the 
op,  analogous  to  the  ruminant*s  pouches,  highly  develo}»ed  in  pigeons, 
chickens,  and  geese,  with  the  addition  of  a  nuiscular,  crushing  stomach. 
In  these  birds,  with  the  exception  of  the  i>igeon,  the  ca?cum  is  also 
present,  and  all  together  are  neederl  for  the  digestion  of  foods.  Here 
tile  apparatus^  of  nmsticiition  is  nlment,  Tiie  ch^p,  gizzard,  and  creca  all 
^"llill  the  same  end.  In  tlie  solipedes,  again,  the  ca*cum  therefore  fulfdls 
the  same  general  functions  as  the  pouches  of  the  ruminant's  stomach , 
■Vkich  again  are  nnalojjjous  to  the  crop  of  the  gallinaceous  birds. 
^B  Most  of  the  earlier  physiologists  regard  the  caecum  as  a  second 
^pttonaach  from  some  obscure  anahigy  of  form,  and  from  the  fact  that  its 
^^<^ntents  were  said  to  he  almost  invariably  acid.  This  theory  as  to  the 
analogy  «f  the  functions  of  the  cjecum  iind  stomacli  held  nntil  it  wns 
4i»eo?ered  that  the  glands  of  the  cft?eum,  instead  of  secreting  an  ucid 
floid^  poured  out  an  alkaline  secretion  like  that  coming  from  the  glands 
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oT  Liebcrkiijjij  -  Imt  just  as  tlic  ca?cum  is  tlie  reci[nent  of  tbo  content! 
the  iltiiuo,  and  this  often  has  an  acid  reaction,  so  nmy  the  contents  oft 
ciEcmn  be  acid,e.s(>eeially  in  carnivorous  auiujals,  a  fact  wblcb  may  serve  j 
to  illustrate  the  error  cd' applying  results  f<Kind  in  earn ivora  to  similar  j 
ruiietions  in  herbivora,  where  tlie  processes  are  evidently  diirerenL 

Colin  claims  that  the  reaetion  of  the  euuteiits  of  the  ciiHrum  in  tJ»e 
horse  is  almost  inviiriably  alkaline,  and  that  to  a  greater  degree  than  in 
the  small  intestine,  whether  the  animal  be  digesting  or  lasting.    When 
aix  acid  reaction  has  been  found  in  this  cavity  it  is  almost  invariably  lo  lie  | 
explauied  as  dne  to  aeid  fermentations  occurring  in  the  food-const itm*"tv 

Ellen Ifcrger  shows  that  tiie  cft^cnm  has*  a  special  vahic  in  the  Uuth'. 
In  this  animal,  as  we  know,  tlie  smah  intestine  is  comparatively  sumll, 
with  a  relatively  small    extent  of  digestive   rancons   membrane.    Tb 
stomach  is  so  small   that  it  cannot   CMntain   the  anionnt  t^iken  atone 
meal,  «o  the  stomach  forces  its  contents  into  the  intestine  even  while  tiic 
niiimal    is   eating;   gastric    digestion    is,  therefore,  imperfect   ia  ili€^ 
aiumals,     Bnt,  as  the  horse  is  nourislieil  on  substances  which  art?  difll- 
cult  of  digestion,  it  should  possess  a  special  digestive  organ,  whkh,  l»J 
it^  activity,  should  compensate  for  the  loss  of  functional  activity  in  tl»e 
stomacli.     Nothing  can  be  more  natural  than  to  suppose  that  this  ^lip- 
piemen  tary  organ  is  fonnd  in  the  vast  ctecnm  of  these  aninuds,  and  v«^ 
may  admit  that  this  is  to  a  certain  extent  true,  w  ithont  being  eouif«llt?il 
to  acknowledge  tliat  this  organ  liberates   an  acid   digestive  secrttiiut 
Theciecnrti  is,  lience,  of  special  im|»ortance  in  the  mouogjustric  herhivors, 
where  the  small  size  of  the  sioinach   prevents  acennudutiun  of  fouil  »fi<' 
drink.     It  is,  therefore,  a  reservoir  for  intestinal  digestion. 

Its  anatomical  arrangement  leads  to  the  retaining  of  its  eoutenti 
Its  bottom  corresponds  to  the  region  of  the  xypboid  appeudnjje.  w^ljiJ' 
its  narrov^r  cipening  into  the  colon  is  in  the  most  8U[>erior  pnrt,«<'tirtt 
every  tiling  to  enter  the  colon  must  be  forced  up  against  gnivitj^.  aiid 
shoidd  desiccation  of  its  contents  occur  olistructiou  is  sure  to  its"^^ 
ami  the  result  is  apt  to  be  fatal.  In  length  it  is  about  one  meter,  *ti>l* 
its  capacity  is  from  thirty-two  to  thirty-eight  liters,  or  nearly  twice  ** , 
large  as  the  stomach.  It  has  an  extensive  mucous  membrane,  well  bw?- j 
plied  with  ghiuds,  like  the  duodenal  tollicles  (Fig,  in4). 

Ellen berger  reports  a  number  of  experiments  which  he  inade on  1Ib< 
horse  to  determine  the  length  of  time  the  food  remains  iu  tlietiiH'«n> 
and  the  altei-atiiuis  to  wliich  it  is  subjecterl  there»  To  determine  ibis. h* 
fed  a  series  of  horses  during  a  certain  number  of  days  witli  ft  eerti»i* 
amount  of  food  of  know-n  composition  ;  the  animals  were  then  kiiW** 
given  periods,  and  the  contents  of  the  intestine  examine*!. 

The  results  of  these  experiments  showed  that  they  might  be  dividrf 
into  four  groups,  according  to  the  nature  of  the  food  given. 


Thus,  wlieii  dried  peas  are  given,  tmces  of  them  are  to  be  found  in 
the  t*nicum  alter  the  lapse  of  twelve  hours.  After  tweuty-fi»ur  Loiiff 
grain  f\nd  dry  fom^o  are  still  to  lie  found  in  the  eiEcnm,  and  after  tLirty 
hours  chopped  hay  still  remains  in  the  c&»eum.  After  seven ty-twc*  Uquh 
the  greater  i>art  of  the  hay  had  already  passed  into  the  colon.  Tims,  in 
rAsitmS,  twelve  hours  alitor  feeilhig^  forage  is  to  be  found  in  the  stomacb, 
with  some  traces  in  the  jejunum  and  eaecum;  after  tweuty-four  houis, 
prinel[>ally  in  the  eim*iim,  with  a  certain  amount  of  residue  m  thejejtnmm; 
after  forty -eiglit  honrs,  in  the  ventral  eolon,  with  some  dibHM  in  llie 
cmeuni;  after  seventy -two  hours,  in  the  dorsal  colon;  and  after  ninety 
hourisjn  part  in  the  dorsal  colon  and  rectum. 

As  regards  the  functions  of  the  ca'cnm,  it  would  appear  thmt  ato 
twt^lve  hours  already  traces  of  ftjod  are  to  be  found  in  the  ca^eiuii.mid 
after  twenty -four  hours  nearly  all  the  atimeutary  mass  has  arrived  at  tJie 
cfficum^  in  which  some  is  still  to  be  found  after  forty-eight  hours.  Fowl, 
therefore,  usually  remains  twenty-four  hours^  in  the  enxnim  of  tbe  hunt. 
Thu  contents  are  always  alkaline,  highly  fluid,  and  of  a  special  odof.^ 
The  color  varies  with  the  nature  of  tlie  food* 

From  tlie  fact  that  a  larger  amount  of  undigested  food  id  ibund 
the  ciccuui  than  in  the  colon,  it  follows  that  digestion  must  take  pia^ 
the  ciecum,  its  extent  being  [placed  by  EUenl>erger  at  from  10  U>  30 
cent,  of  the  food  ;  the  nature  of  this  action  is  determined  bv  examiimtion 
of  the  ca^oal  contents. 

The  acid  reaction  of  the  stomach  and  upper  portion  of  the  iatestiM 
gives  |jlace  to  an  alkaline  r*^flction  in  the  lower  portion  of  the  ileiuu,  »im1 
that  of  the  c tecum  is  invariably  alkaline.  In  the  colon,  a^min,  therein 
tioii  may  become  acid  from  fermentative  changes  in  food. 

Digestive  changes  arc,  therefore,  merely  the  continnatiou  o(  ^ 
ordinary  intc*itinal  digestion, 

Bureau  has  succeeded  in  obtaining  a  secretion  from  theciccnmof 
the  rabbit,  but  in  such  small  amount  as  contrasted  with  the  quantity o^^ 
tained  from  tlie  small  intestine  by  the  same  method  (double  ligatare)  li<** 
he  concludes  that  the  digestive  processes  occurring  in  the  ctecHUu  ftitdiw 
to  the  action  of  tbe  intestinal  fluids  which  come  down  from  abf>ve. 

In  the  duck,  however,  by  ligating  the  caecum,  after  introdudag  *w^ 
fragments  of  cooked  meat,  a  large  amount  of  clear  alkaline  fluid  maylJ* 
obtained,  altliough  the  morsel  of  meat  will  have  remained  unalttTW. 
This  fluid  is  said  to  have  the  power  of  converting  starch  into  sugar,  W 
IS  without  action  on  other  food-fttulfs. 

By  making  c^ecal  ftstuiie  in  rabbits,  Bureau  found,  in  the  first  pto* 
that  the  reaction  was  invariably  alkaline.  Raw  meat  appeared  to  ^ 
unchanged  in  the  ca?cum»  while  cooked  meat  liecomes  somewhat  aofteiw^ 
and  reduced  in  volume.     Boiled  starch  is  converted  mto  sugar. 
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Li^tton  of  Cfecfi  in  chic; kens  caused  diarrhoea,  loss  of  flesh,  and 
Ideatli  from  iiiarittion* 

The  most  imi>urtant  function  of  tlie  civcum  is,  in  all  probability,  to 

Ik  foutid   iu  tUtj  digest iou  of  cell u lose,  wliich  occutk   in   it.     It  is  well 

[inowo  that  from  SO  to  40  per  ctiut.  of  cellulose  disappears  hi  passing 

[tiironi^h  the  intestinal  canal  uf  the  liorse,  and  the  poorer  the  food  is  Jn 

[true  nutritive    substances  the  greater  will    tie  the  amL»unt  of  cellulose 

ligestecL    Experiment  has  proven  that  the   saliva^,  gastric  juice,  und 

[ptncrcatic  secretion  are  entirely  inactive  on  cellulose.     On  the  other 

'band,  the  fluids  collected   from  the  small   intestine  of  a  newly  killed 

hor»t?  have  been  found  to  dissolve  from  40  to  78  percent,  of  cellulose 

I  (Hofmeister),  and  this  power  is  lost  when  these  fluids  are  previously 

I  Wlwl^  indicating  the  probal)le  de|>endence  of  tliis  difres^tive  process  on  a 

true  ferment.     Admitting  these  facts,  the  share  which  the  caecum  liears 

b  digesting  cellulose  is  evident;  it  acts  as  a  reservoir  for  fluids  and 

uiittigested  food-stuffs  coming  down  from  above,  and  by  its  reaction, 

temfjeratnre,  etc.,  favors  fernientiitive  changes, 

Tlie  nature  of  the  substances  rcsidting  from  the  digestion  of  cellu- 
;  h^  lire  clouded  in  ol>scurity  :  the  most  natural  presumption  would  be 
that  it  was  converted  into  sugar,  but  no  experimental  jiroof  of  this  has 
ever  l)een  adduced,  thou*;:h  it  is  generally  assumed  that  the  cellulose  in 
[digestion  is  changed  into  some  nutritive  substnnee,  which  is  absorlied. 
^cconling  to  this,  cellulose  should  be  classed  among  the  ftJCKl-stntls. 
Unfortunately,  this  also  does  not  admit  of  |iroof*  It  is  well  known  tliat 
in  fermenting  cellulose  may  be  converted  iuto  marsh-gas,  and  Ilofmcis- 

Iter'g  experiments  seem  to  prove  that  the  substance  resiilUng  from  the 
digestion  of  cellulose  V>v  the  intestinal  fluids  of  the  horse  is  gaseous  in 
UUm,  While  this  may  be  so,  and  there  is  no  denying  that  the  gas  may 
hi  met  with  in  the  alimentary  canal,  it  does  not  follow  that  all  the 
diptest^d  cellulose  is  con%'erted  iuto  marsh^gas.  For,  as  Ellenberger  has 
pointi'd  out,  we  often  meet  with  a  lactic  acid  fermeutntion  of  sugar  in 

»tbe  stomach  and  intestine,  but  do  not  infer  from  that  tliat  all  the  sugar 
"tliicli  dtsapi>ears  from  the  nlimeutary  canal  has  been  converted  into 
Wieneid.     Tire  cnse  may  l>e  similar  with  cellulose;  when  in  excess,  or 

10*4  needed,  it  may  and  (♦robnbly  is  converted  into  marsh-gas ;  when 
Heeded  by  the  economy,  it  is  absorbed  in  some  soluble  form,  1^1*0' wittly  of 
^^^  nature  of  a  sugar.  This  view  is  supported  b}'  the  fact  already 
*Il"<le(l  to,  that  the  poorer  the  food  the  greater  the  tpiantity  of  cellulose 
*liich  ilisap])ears. 
^  2.  The  FirNcTiONS  of  the  Colon. — The  colon  in  the  carnivora  con- 
^f  ttitutes  a  simple  reservoir  ff»r  excrementitious  matters,  and  iu  the  her- 
^^ottiit  is  doubtful  if  it  has  a  more  important  role  to  i»erform  in  the 
**'o^tive  elaboration  of  food.     In  the  walls  of  the  laru:e  intestine  are 
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foiiiKl  fijlliculfir  glands,  fipimrentl  J  mniihir  to  those  in  the  small  iulestine, 
itiMl  wliit'li  furiiisli  ji  8t?cretion  wliicfi  it  is  cliiined  will  turn  sUirtOi  into 
Bugnr  find  albumen  into  peptone.  Tlie  latter  statement,  wliicb  h  matle 
b^'  ThanliotTer,  seeraa  to  need  confmnation.  It  is,  at  any  rate,  clear  tlial 
the  degree  of  diji^estion  oeciirrincif  in  tlie  large  intestine  niu^t  be  slight^ 
Binee  the  greater  part  of  tfie  foixUstnirs  whieh  reach  the  large  inlesuoc 
have  already  undergone  complete  solution  in  the  upper  portion  of  the 
alimentary  canal.     In  tlie  large  intestine  in  earnivoni  the  contents  of  the 
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Fig.  larK-^MfVH  AND  Grkat  Colon  mf  the  Horsk.    iJitranffewoif^,) 


alimentary  Uihe  undergo  no  further  digestive  changes,  but  beconw  i 

condensed  from  the  rapid  absorption  of  water  and  other  0nids     , 

takes  place  through  its  walls.  In  the  solipedes  the  large  intestine  is  p•^ 
tieulnrly  active  as  an  absorbent,  removing  water  and  various  tmh 
secreted  by  the  uiiper  portions  of  the  alimentary  tube  and  the  alijiieouij 


FlO.  Iflfi.  — iNTKSTmAt.  TaNAI.  or   THK  Ox.      [MUtf^,) 
uni '   k  ftnil  <*.  j^jittmin  iml  jfl^am ;   tt,  cvcnm  ;   <■,  onlnn,  with  it*  VJl|^il^LM  pnnvithiftJoiiH  i  A  i 
g,  «iNluiMa«tiu«ttt  of  eolou  :  «*«  uieveDiery  ort»rE«  tntMtiai;;  m',  mescuterj  uf  aniAlt  inUMLihe. 

brought  in  contact  with  an  immense  extent  of  mneons  menil»rnnG. 
contents  enter  hy  a  narrow  and  valvular  opening,  iind  descend  first 
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to  the  substernal  curvature,  then  tlit*y  mount  to  the  pelvic  carrftture,- 
whicli  is  always  higher  than  the  hteruai  curvature,  aiul  then  up  the  dia-, 
phragraatic  ourvuttire,  anil  finally  deseend  abruptly,  pat^sing  by  the  lei 
kidney  to  enter  the  convolutions  of  the  floating  colon,  where  they  make 
two  ascents  and  two  descents  (Fig.  HJ5). 

The  iMTge  intestine  of  the  ox  is  shown  in  Fig.  1^6* 
The  interior  arrangement  of  the  colon  consists  in  the  formation  of 
pockets,  in  wliieli  portions  of  the  contents  remain  temporarily,  while  the 
centre  of  tlic  gut  is  free.  The  dispusition  of  certain  parts  of  the  colon 
leads  to  a  ditlerence  in  the  physical  cliaractei*s  of  its  contents  at  diflerenl 
points.  The  diapliragmatic  curvature,  on  account  of  its  dependent  posi^ 
tion,  contains  large  volumes  of  liquid,  in  which  certain  salts  are  abundant, 
such  as  ammonio-phosphate  of  magnesium,  esi>ecially  n(Yer  oat  diet,  aad 
in  this  locality  these  salts  are  often  deposited  as  intestinal  cnlcidi. 

Digestion  in  the  large  intestine  cannot,  therefore,  be  said  to  take 
place,  although  absorption  is  highly  active,  and  numerous  cases  are  on 
record  in  which  life  has  been  preserved  tlirongh  the  al>sorpttOTi  hv  111** 
walls  of  the  large  intestine  alone  of  alimentary  substance*  intrcHhiccd 
into  the  rectum.  In  the  large  intestine  complex  fermentations  tske 
place,  and  true  dceomposittou  frequently  occurs  in  the  contents  of  tins 
portion  of  the  alimentary  tube,  especially  when  the  reaction  i«  Jilkaline. 
yiimy  of  the  gases,  such  as  oxygen  and  nitrogen,  which  are  found  brre 
ha  V  e  \  I  r  o  1  >a  i  dy  e  u  t  c  red  with  t  he  fot  kI  j  o  t  h  e  rs  a  re  d  e  ri  v  ed  from  d  i  f  fe  rent 
fermentntions;  thus,  for  example,  hydrogen  is  liberated  in  the  bwlyrie 
acid  fermentation,  sulphuretted  hydrogen  and  ammouia  from  Uie  tmllt- 
faction  of  animal  substances. 


XI.   THE  COMPARATIVE  DIGESTIBILITY  OF  DIFFERENT  FOOD-STrFFS. 

The  quantity  and  chemical  composition  of  the  faeces  is  of  spet'i-'^l 
interest  on  account  of  the  insight  which  it  iiermits  as  to  the  degm^^'f 
digestibility  and  convertibility  of  the  dilTerent  food'Stutfs,  for  it  i«eU' 
dent  that  if  we  know  the  amount  and  composition  of  any  food  given  U» 
an  nniuud  for  a  series  of  days,  the  loss  of  ihese  materials,  determiiKHi  lit 
an  analysis  of  the  tWces,  will  indicate  wnthin  certain  limits  the  amoant 
which  has  lieen  digested  and  al>8orl>cd  in  its  passage  through  the  My. 
In  making  these  calculations,  however,  it  must  be  rcmemliered  tli»ti 
large  amount  of  fluid  is  added  to  the  foot  I  in  the  form  of  the  dige*ti^t 
juices,  which,  to  be  sure,  is  again  largely  absorlied ;  but  we  liave  tnt\h0 
seen  that  certain  excretory  ingredients  have  been  added  to  the  f*ec«> 
and,  further,  that  the  ditlercut  food-stuffs  may  undergo  decompf»sitioi»* 
other  tlian  digestive  in  the  alimentary  tract.     The  digestive  proce««««i 
as  we  have  seen,  are  of  the  same  nature  in   all  our  domestic  aatmabi 
simply  varying  in  degree.    This  difference  we  have  also  seen  to  be  due  to 
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different  degrees  of  perfection  with  winch  inasticiition  is  aecom- 
bed,  to  iHfferences  of  construction  in  tbe  alimentary  canal,  tlilferent 
stitutions,  and  the  dillerent  ticgrees  of  concentnition  of  tbe  digestive 
:ea.  Thus,  llie  herbivora,  through  tbe  hi«:li  development  of  their 
fLT  teeth,  tbe  roomy  and  loug  digestive  caunly  and  hirge  anionnts  of 
lolytic  ferinents  in  their  digestive  secretions,  are  espeeiailj  suited  for 
*6ting  carbohydrates.  Their  gastric  juice  is  comparatively  poor  in 
,  an*i,  as  a  consetiuence,  prevents  their  living  on  a  highly  albuminous 
;  while  the  highly  aikaliue  nature  of  Ibeir  intestinal  contents  facili- 
s  putrefactive  changes  in  albuminoids,  the  characteristic  results  of 
ii  fermentations  l>cing  met  wilh  in  large  amounts  in  their  nrine.  In 
carnivora^  on  tbe  other  band,  we  lind  a  short  and  Jess  capacions 
(Stinal  canal,  with  a  rt*latively  Yoluminous  stomach  and  an  active  acid 
trie  8et:reti<m,  thus  fitting  them  for  the  digestion  of  nlbnmen,  while 
conditiuns  for  the  digestion  of  car  Ho  h3U  I  rates  are  less  favorable. 

Oninivora  natu rally  occupy  a  mean  between  these  two  classes.  It 
o  l)e  remembered,  however,  that  as  long  as  animals  are  fed  on  tbeir 
Lhers''  miik  there  is  no  tlifference  in  the  digestive  act  in  the  carnivora 
in  the  herbivora. 

Xot  all  tbe  nutritive  snbstances  whicli  are  contained  in  the  food  are 
ually  digested,  but  a  couHideralilc  proportion,  under  the  most  favorable 

r stances,  is  apt  to  remain  uudigeHted  au<l  pus?^  unchanged  into  tbe 
The  cause  of  this  is  frequently  to  be  fouml  in  the  fact  that  the 
d  is  taken  in  such  quantities  that  the  amount  of  digestive  secretion 
iretJ  out  by  the  alimentary  tract  is  insulHeient  to  aet  upon  it»  There 
lears  to  bc%  again,  a  limit  of  absorljabilitj'  even  of  tiie  amount  of  food 
nested.  This  limit,  of  course,  varies  in  each  group  of  animals,  and  the 
Idne  of  food,  even  though  it  may  be  digested,  remains  unabsorbed  in 
alimentary  canal  to  untlergo  brt*aking  down  into  various  decompo- 
on  products,  snch  as  Icucin,  tjTosin,  etc.  Again,  another  cause  for 
igestibility  of  food  is  to  be  foimd  in  the  fact  thnt  in  man}'  cases, 
eeially  in  the  food  of  the  herbivora,  tbe  nutritive  piriueiiilcs  are  con- 
led  in  resisting  envelo|>es  winch  are  impermeabh?  to  tbe  digestive 
petions,  and  which  require  meehanieal  comminution  in  mastication 
>re  being  ucceasible  to  the  act  of  digestion,  Imjverfect  mastication, 
refore,  from  whatever  cause,  will  reduce  tlie  digestibility  of  food.  By 
^^m,  digestibility  of  food,  is  meant  tbe  amount  of  any  food-stuff 
B  through  digestion  is  rendered  capable  of  absorption  and  does 
Hb'  CfDter  the  blood,  in  proportion  to  the  amount  whie!i  remains 
i^BBted  or  whieh  is  not  so  absorbed.  This  quantity,  which  may  be 
Aed  the  co-elflcient  of  digestion,  varies  according  to  tbe  composition 
bod  and  to  tbe  mode  of  tligestion  of  ditferent  classes  of  animals.  We 
grglore,  allude  to  these  sources  of  variation  in  turn  ; — 
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First,  Vegetable  fibre  is  capable  of  l>emg  digested  ta  a  more  or 
less  degree  bj  ail  herbivora  arkd  even  to  a  certain  extent  by  the  hog*  tlie 
co-eflicieiit  of  digeHtiou  lying,  in  green  and  dry  fodders,  l»etween  45  and  16 
per  cent.  In  vegetable  foods,  such  as  grains,  roots,  and  buUis,  and  Uie 
artifieinl  nutritive  Hubstauees  made  from  such  materials,  all  of  which  are 
rich  in  cellulose,  the  digestibiHty  becomes  greatly  reduced,  and,  in  fact^ 
many  such  products  may  be  said  to  be  entirely  undigestible.  It  is  prob- 
able, again,  as  already  mentioued,  that  a  certain  amount  of  eellulo*^ 
whieh  disaiJiK-ars  in  its  passage  through  the  intestinal  canal  may  \ni  ei- 
ptained  as  due  to  the  developraent  of  carburetted  hydrogen  and  carbon 
dioxide  and  other  fermentations. 

t^eeond.   The  non-nitrogenous  extractive  matters,  as  found  in  Wts 
and  potatoes   and  seeds,  are    almost   com])letely  digested,  only  about 
2  per  cent,  escaping  the  action  of  the  digestive  fluids,  though  in  greta 
fodders  the  digestive  co-etticient  of  these  materiala  may  sink  from  U  to 
48  per  cent.     In  this  connection  the  remarkable  faet  appears  tlj*t  tk 
amount  of  soluble  non-nitrogenous  food-constituents  wbieU  umlef^joeJ 
digestion,  togetlier  with  tbe  amount  of  cellulose  wJiich  is  digested, alffio^l 
exactly  ec[ual  the  total  sum  of  nou-nilrogeuous  extractive  matters  foflfld 
in  the  food,  and  iji  this  we  have,  there  lb  re,  a  means  of  estinmting  l> 
quantity  of  non-nitrogeuons  extractive   matters  actually  digestnl  ^ 
absorbed.     The   digestible   portion    of  the   noti -nitrogenous  e\ 
matters  in  any  f*iod  may  l>e  estinuited  in  nutritive  value  as  pur 
hydrate,  and  therefore  compared  with  starch. 

Third.  As  regards  fat,  it  may  be  stated  that,  when  (wrfeclly  !♦• 
fat  is  entirely  digested,  but  since  tat  in  the  ordinary  fooils  is  nut  ptn^ 
and  contains  other  indigestible  constituents,  it  is  erident  that  tbedigtst- 
ive  eo-ertk'ient  of  fat  wilt  be  subject  to  great  variation.  In  clover  W 
various  oil-cakes  tliis  eo-eOlcieot  varies  Iwtween  m  aiul  90  jrt  tt-nt; »» 
seeds,  between  fiO  and  ^0  per  cent.  In  Inlets  and  potatoes  fut  uiavl* 
regarded  as  entirely  digested,  while,  on  the  other  hand,  the  falinj^nffl 
foodsj  although  present  in  suiatler  amount,  still  varies  in  dijri'^tit'ility 
through  very  wide  limits.  Thus,  80  per  cent,  may  be  absorhe^b^r  ^^5 
20  per  cent.  In  general,  in  this  connection,  clover  is  more  vsMi 
digested  than  grasses,  while  straw  of  the  bulled  fruits  is  more  digc*l* 
than  tbe  straw  of  I  be  lull  led  cereals^ 

Fourth.  The  nitrcigenous  constituents  of  the  food  are  giei 
regarded  as  allmmen,  although,  of  course,  other  nitrogenous  inAt*Ttib 
arc  often  constituents  of  foods.  In  beets  and  potatoes  alh«i»ii*^ 
matters  are,  as  a  rule,  entirely  digested,  in  seeds  a  certain  $s^ 
escapes,  the  co-efllcient  of  digestion  varying  from  60  to  ^0  percent*  b 
green  and  dried  fodder  great  variation  is  met  with,  the  co-etfM 
absorption  varying  between  17  to  *lb  per  cent.jas  a  rule)  the  digt- 


t 


L 


1 


COMPARATIVE  DIGESTIBILITY  OF  FOOD-STUFFS.  435 

«f  tlbmninous  matters  being  greater  in  the  green  than  in  the  dry  fodder, 
eien  though  of  the  same  material ;  while  still  further  the  statement 
Bay  be  made  that  the  larger  the  relative  proportion  of  albuminous  matter 
nd  the  smaller  the  amount  of  the  cellulose,  the  greater  will  be  the  amount 
of  ilbmninous  matter  digested. 

Fiflh.  The  digestive  coefficient  of  the  different  food-stuffs  may  be 
altered  through  the  addition  to  the  food  of  different  nutritive  substances. 
Thus,  it  has  been  shown  that  the  administration  of  a  readily  digestible 
tlbiiminoas  diet  is  without  influence  on  the  co-efficient  of  digestion  of 
tte other  foods;  but,  on  the  other  hand,  the  addition  of  starch  or  sugar 
viU  reduce  the  digestive  co-efficient  of  the  albuminous  bodies  when  the 
OBOunt  of  carbohydrates  given  exceeds  by  15  per  cent,  the  solids  of  the 
other  food-etufis.  This  depression  of  digestibility  is  especially  marked 
in  the  dry  foods.  A  similar  result  is  also  manifested  when  beets  and  pota- 
toes  are  added.  The  addition  of  oil  is  without  influence  on  the  digestive 
coefficient  so  long  as  it  is  not  given  in  great  amounts.  When  the  amount 
given  excee<1s  the  proportion  of  one-tenth  gramme  to  one  kilogramme  of 
body  weight,  slight  disturbances  of  digestibilit}'  are  readily  produced. 
When  the  food  is  composed  of  several  nutritive  substances  combined, 
the  proportion  of  the  nitrogenous  and  the  non-nitrogenous  constituents 
of  the  total  amount  is  of  great  influence  on  the  digestibility.  This 
natritive  relationsliip  of  the  non-nitrogenous  substances  is  found  by 
adding  the  amount  of  fat  to  the  sum  of  the  non-nitrogenous  extnictive 
matters,  the  amount  of  cellulose  being  excluded.  Ordinarily-  the  amount 
of  (at  is  multiplied  by  two  and  four-tenths  or  two  and  five-tenths,  and 
this  product  then  added  to  the  ainonnt  of  extractive  matters, — a  pro- 
cedure which  is,  however,  apt  to  give  an  erroneous  idea  as  to  the  nutri- 
tive value  of  the  fat. 

The  general  result  mav  be  stntcd  that  a  food  is  readily  digestible 
^hen  the  proportion  between  nitro2:enous  and  non-nitrogenous  con- 
stituents varies  from  1  :5  to  1:7.  An  increase  of  this  proportion  causes 
a  certain  amount  of  the  non-nitrogenous  constituents  to  remain  nndi- 
ge8te<l  while  an  increase  of  the  nitrogenous  substances  causes  a  waste. 
It  19  evident  that  the  above  statement  as  to  the  diixestibility  of  food  may 
be  only  regarded  as  in  general  true.  Eacli  group  of  animals  will  possess 
special  facilities  for  digesting  special  foods ;  these  will  deserve  considera- 
tion in  turn. 

As  might  be  expected,  the  time  required  for  undigested  food  to 
appear  as  faeces  after  feeding  very  closely  corresponds  in  diU'erent 
animals  with  the  comparative  length  of  the  intestinal  canal.  Thus,  it 
^becn  found  that  in  oxen  fed  with  oat-straw  the  first  traces  appear  in 
the fteccs  about  thirt3'-six  hours  after  feeding,  and  disa|)pear  after  seventy- 
t^oto  ninety-six  hours,  while  in  the  goat  seven  days  were  required  after 
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giving  certain  food  for  its  traces  to  disappear  fVom  the  feces.  In  tbe  calf 
three  days  were  required  for  tlie  removal  of  traces  of  a  previous  meal  of 
barley,  while  four  days  were  required  for  sm  ox  under  the  same  eondi 
tions.  Ill  the  aheop  fed  with  bay,  it  has  been  determined  that  the  foo<l 
remains  20  hourj^i  in  the  first  tliree  stomachs,  and  in  the  fourth  stomach 
IM  honrs;  in  small  intestine,  2.3  hours;  in  cascura,  7  hours;  and  in  colon, 
5,5  hours;  or,  in  all,  3*i  honrs  before  appearing  as  fjeces. 

Caniivora  fed  on  pure  flesh  diet  produt-ud  but  little  fieces*  A  dog 
weighing  thiity-lhe  kiloB,  and  fed  with  a  half  to  two  and  a  hmlf  kilos  of* 
meat,  prodoces  IVom  twenty-seven  to  forty  grammes  of  faeces,  in  which 
there  will  he  only  nine  to  twenty -one  gi-ammcs  of  solids;  therefore  it 
may  be  said  tbat  with  a  flesh  diet  only  1  per  cent,  of  the  amount  of  solidt 
taken  with  tbe  food  escapes  from  the  body  in  tbe  form  of  fiecea. 

Omnivora    form  eonsidemljly   larger  amounts  of  fa^ees»      Aninttli 
living  on  a  mixed  animal  iu\d  vegetal »le  diet,  like  man,  will  pass  daily 
about  one  hundred  and  thirty  grammes  of  fasces,  containing  thirty-fonr 
grammes  of  solids,  w*hicli  will  represent  about  5  j>er  cent,  of  tbe  solid* 
taken  as  food.     When  tbe  vegt^ttible  <liet  is  in  excess,  this  may  nse  t^> 
13  per  cent,  so  that  only  seven-eighths  of  the  solids  are  iinally  absorbed 
Hogs  pass  in  their  fjeoes  only  about  20  per  eent.  of  mixed  matter  taken 
ill  food.     lIowt*ver,  when  fed  on  sour  milk^  with  lx*ans  and  peas,  only 
about  1  per  cent,  esca|7es  nbsorption.     So,  also,  according  to  Wolff,  pigs 
digest  almost  completely  tlie  residue  remaining  after  making  nienl**^- 
tracts.     The  hog  is  able  to  digest  both  vegetable  and  animal  mntwr, 
and  is  chiinied  to  be  eapaltle  of  digesting  ftilly  50  per  cent,  of  celiulo:«<?. 

The  following  talile  gives  the  percentage  of  constituents  absorbed  in 

hogs  fed  with  sour  milk: — 

Albumen 96.06  percent. 

Non  nilro^enoua  substances,  .        .98,90 

luorgaoic  matter,     ......     (M.4(l      ** 

So,  also,  of  tbe  following  vegetable  foods,  the  flgores  indicate  I 
Amomit  digested  and  aba  orbed  ; — 

HorBC-beauB !>9.S  per  cent. 

Peas »9;7      ** 

Oats, 9.S.7       •* 

Barley, \t2.1      •* 

Rye, 90.7 

The  largest  amount  of  faeces  is  fonned  by  tbe  herbivorous  an  In 
In  the  horse  and  ox,  of  one  hundred  parts  of  food  about  40  |>er  cent^j 
a  rule,  escapes  unchanged  in  the  fieces,  so  that  only  three-fifths  off 
food  swallowed   serves  any  nutritive  purpose.     This   follows  tromi 
fact  that  a  large  part  of  vegetable  food  is  abs^olutely  indigestible,  anil 
is  very  difficult  of  digestion.     The  horse,  as  a  rule,  digests  a  smaller  pP>' 
portion  of  dry  fodder  than  does  the  ox. 
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As  a  rule,  it  may  be  stated  tliat  the  ox  is  capable  of  digesting  the 
tollowiDg  amounts : — 


Oats, 

Wheat -St  raw, 
Bean -at  mw, 
Clover-filniw, 
Barley -bay, 


AltmmJnoids. 
43  per  ceoL 

51       " 

51 

60       " 


55  per  cent. 


eo 


NoQ-nltra^ncitiB  Extractive 
Matters  and  Futs. 

44  per  cent. 
m      " 

67       " 
07       - 


Data. 

FlsixAeeiL 

Barley. 

Wheat 

9\A 

58.2 

n^ 

86.  a 

DLS 

57,4 

i>4i» 

30.7 

Hennel^erg  has  found  that  the  digestibility  of  a  fodder  is  altered 

when  a  second  nutritive  sulistanee  is  a<hle<l  t(*  it*    Thus, the  digestibility 

of  nr\\  fodder  is  reduced  by  tJie  addition  of  starch,  while,  on  the  other 

band,  the  addition  of  fat  ^eilitates  the  digc^stion  of  albuminoids  and 

cellulose.     In  general,  it  may  be  stated  tliat  the  <iige»tibility  of  any  dry 

fuilder  18  deereased  by  the  addition  of  any  readily  digestible  substance, 

such  as  albumen,  starch,  sngar^  and  in  ordinar\^  fattening  diet  a  loss  of 

nt  least  20  per  cent,  of  nutritive  substances  may  be  calculated.     This 

author's  experiments  have  further  shown  that  at  h»ast  five  daj's   are 

required  after  the  change  of  diet  before  the  traces  of  indigestible  food 

are  removerl   from  the  fieces^  and  that  the  remova!   of  the  residue  of 

pmirie  hay  occurred  alM_>nt  thirty  hours  In^fore  tliat  of  wlieat- straw.     In 

the  calf,  exiK^rimcnls  hi\ve  lieen  made  to  determine  tlie  digestibility  of 

cereals  and  grains  taken  whole,  with  the  following  results: — 


Pigest€dt 


In  the  sheep  the  same  results  have  been  obtained  as  In  the  ox.  An 
*i(lition  of  starch  or  sugar  to  the  food  diminishes  considerably  the 
ciigestibility  of  the  alliumen  and,  when  in  small  amount,  of  the  cellulose 
«ils<)-  Pure  albumen  has  slight  inlluence  on  the  digestibility  of  tbe  food. 
Siihstances  containing  sugar,  with  tbe  exception  of  beets,  are  almost 
entirely  digested,  while  in  potato-sstareh  80  jier  cent,  is  digestible,  and  fat, 
^hi^ii  addiKl  to  fodder,  is  usually  alxsorbed,  though  its  adniinistration 
^Iten  given  in  large  amounts  interferes  with  the  digestion  of  cellulose. 

According  to  Wildt,  laml)s  which  were  fed  with  barley-straw,  and 
^hen  the  residue  from  meat  extmets,  ab8orl>ed  95  per  cent,  of  the  1  jitter. 
^X|)eriments  on  the  horse  have  also  proveil  that  this  animu]  is  capalilc  of 
digesting  cellulose  to  al>out  50  jjcr  cent.  In  comparison  with  the 
•*Uniinants,  the  horse  is  less  capable  of  digesting  all  the  constituents  of 
***y.  The  loss  in  the  horse «  as  in  other  herbivora,  is  much  greater  than 
^  the  carnivora.  The  carnivora  may  be  aa id,  as  a  rule,  to  almorb  about 
•S  per  cent,  of  albuminous  matter  given  iu  the  food.  In  a  man  fed  on 
•liilk  and  meat  diet  only  2  J  to  10  per  cent,  escapes  in  the  fseces ;  with 
^«0etoble  diet,  rice,  bread,  and  potatoes,  the  loss  may  amount  to  30  per 
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cent,j  though  the  carbohydrates  are  alniost   completely  ubsorbed,  i 
1  per  t-etit.  ha'uvg  lost,  ami  only  5  |>er  cent,  of  fats  escapes  absorption, 
tht!  lierbivora  the  hiss  is,  however,  miK-li  greater.    Thus»  a  hoi*?*e  fed  ' 
six  kilos  of  oats  and  ttfteon  liters  of  water  will  pass  about  twelve! 
of    fifi'C's,   L-omposi-d   of  three  kilos  of  Bolids^  containing  5  per  eeo 
nlbuiDinous  inatLer,  20  per  cent-  of  f:it,  20  i>er  cent,  of  staix*h,at>d  *10  | 
cent,  of  celhdose.     If  the  horse  is  fed  with  a  mixed  diet,  compose*!,  j 
example^  of  tlircc  and  n  half  kilos  of  oats,  live  and  a  half  kilo»  of  ] 
and  one  and  tliree-fuuribs  kilos  of  chopped  straw,  seventeen   kiloa 
faeces  will  be  passed,  in  which  there  will  be  fonr  kilos  of  solids,  of  nhiek^ 
30  per  cent  will   be  albuminous  matter,  40  per  cent,  fats,  30  j)er  et*nl, 
8tarch,  and  GO  ]>er  cent,  cell nl owe  having  escaped  digestion.     The  K>i 
is,  tlieretbrc,   greater    in   a   mixed   diet  than  in   a  horse   fed    on   j^il 
alone.     In  the  ruminants  the  digestibiiity  of  hay  is  much  greater  ih 
in  the  horse.     Oxen  fed  with  ten  kilos  of  ha}'  will  digest  and  absoH 
about  50  per  cent,  of  the  albuminous  matter,  whik\  as  already  mentioDeij,! 
if  more  readily  digestible  substances  are  added  to  the  hay  diet,  lessj  bajrj 
will  be  digested. 

It  has  been  found  that  iu  the  rermentation  of  celkilose  large  qtmntt-l 
ties  of  COa  and  CITi  are  formed,  and,  as  the  hitter  gas  is  eonstantl}'  fotitall 
in  the  intestine,  that  its  source  is  in  the  putrefaction  and  fermentJition  i 
the  intestinal  canal  is  rendil}^  conceivable,  and  indicates  a  i>ossible  eip 
nation    of  the  fact  that  about  40  to  GO  per  cent,  of  cellnlosc  disstppeaLiil 
in  the  intestinal  canal.     This  may  occur  in  the  rtmien  of  the  runiinani 
widle  it  certainly'  occurs   in  the  caecum  of  the  horse,  although  tti  tUii 
animal  less  cellulose  disajipears  th«n  in  the  ruminant. 

As  regards  the  inorganic  constituents  of  the  foo<l,  the  fact  tliat  tin 
fa*ces  contain  but  small  amounts  of  soluble  salts  shows  that  they  mtifl 
have  been  largely  absorbed.     Small  amounts  only  of  the  alkalies  ar 
found  in  combination  with  chlorine  and  sulphnrie  aerd»  wliile  i>otasHin0 
and  sodium  are  found  in  combination  as  chlorides  or  sulphates  in  minute' 
quantities.    Magnesium  is  also  almost  entirely  absent.     In  the  herbivom 
less  lime  is  absurbe^l  than  magnesium,  while  in  the  carnivora  but  %'ei 
small  rjnantities  of  both  lime  and  magnesium  are  absorbed.     Anothcl| 
point  of  contrast  between  carnivora  and  herbivom  is  that  in  the  for 
almost  all  the  ])bos|ihateft  in  the  food  arc  absorbed,  while  in  the  herbivop 
they  are  almost  entirelj^  excretetl  in  the  fa*ces,  unless  they  arc  fed 
mejd,  milk,  or  other  readily  digestible  food. 

Mr.  E.  F.  Ladd  has  tested  the  relative  digestibility  of  the  diJfer 
feeding    stuffs    by  digestion    experiments  performed    with    them,  alter 
thorough  comminution,  with  an  artificial  gastric  juice,  fomi(H|  of  OA 
\)vr  cent,   hydrochloric  acid  with  five  grammes  of  [K^psiu  to  tUc  literJ 
The  following  tables  give  his  cunclusioua  : — 
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TABLE  No.  IL 
PiaKBTi:i>  BT  Fluid  fbom  Hoa'a  Stomach  (L^dd). 


10 


Hat  ahh  CoA-Bsm  Foudzbs* 


3am&.  oipoaad,  poorest, , 

Uom*me&l 

Ensilage,      ,    .    .    ,    . 


ii 

1         ' 
P 

|5 
II 

111 

|5 

11 

l<i 

d 

IS.Sl 

10.03 

3li2 

73,78 

63  Jl 

12.19 

9.3« 

6.20 

49.^ 

33.90 

13.M 

ILSI 

7,09 

4^.76 

37  Jl 

10.S7 

a.ai 

l.Tl 

83.98 

79  42 

7.31 

4.46 

2,32 

68.20 

%m 

TAB]         :o.  IIL 
BiOEfiTED  BY  PgrHi     SoLtrriOK  (Ladd). 


1 

Hat  AMD  C0AJ(8B  FODDSB& 

i 

i 

1^ 

k 

f 

|i 

H 

£i 

m 

«« 

i^ 

ki 

1^ 

III 

d 

4 

Clovor-hay *    , 

14,5S 

10.03 

4.70 

07iS 

Wi    '; 

5 

Same,  itewnfid,      ,     .     .     .     ♦ 

14  ;h 

f   *   . 

6.70 

5327 

6 

Hay,  onUiiarvK  rarxed.   ,     ,     . 

591 

2.m 

35.32 

7 

Hay.  yK)t»r,  many  daieies,     .     . 
Fodflor-corn,     ...... 

TkIM 

5.44 

251 

57b^ 

m 

8 

7.81 

5.88 

2.89 

63  (M* 

m  • 

9 

*Soia  h  iff  ad  a . 

loja 

dM 

2.67 

7^»M 

73.11 

10 

BffFrodutU. 

7.31 

4.56 

2,82 

61.35 

39^ 

11 

Wheal  1>  ran,     ...... 

15.87 

13.00 

2.65 

8:5.27  . 

m«i 

13 

Gluteii-mpal,     ...... 

32.S7 

.    .    . 

551 

83  JS 

14 

tStarcb-rf.tfutie,    ...... 

21  m 

5.60 

73.iS 

<  •  * 

15 

Btarch-fe*.i,  ....... 

]2.m 

12,68 

4.89 

60.80 

UM 

16 

Corn-f<&ftd^  ground  certo,     ,     . 
Com-fewi,  ground  hull 

10J5 

4.54 

67.^ 

«  t  > 

17 

7/iO 

2.28 

mn 

Wi 

18 

Linseed -meal,  rdd  procp*»,  .     . 

34I»0 

33.13 

S.61 

mi^ 

13 

Lma^^l-meal,  new  fsrocese,      . 

3rKS7 

32  J  9 

7.62 

78,14 

1^5 

IMS 

SO 

dnUyxk-m&i  meal, 

43.21 

40^ 

5.30 

87  73 

21 

Siime,  cooked,  ,..,,. 

42.73 

.   ,    , 

11.10 

7S.H1  ! 

21 

Ship^tuff, 

17.81 

16.8! 

2.34 

fe7.sa 

««.i)a 

24 

PoA'mi*al,     ,,,,.., 

24,31 

mi9 

275 

mM 

nM 

25 

Crushed  fiAt«,    ...... 

11,87 

1031 

2.15 

m3f 

m^ 

26 

Corn-meal.    ,.,..,. 

I0.H7 

HM 

L50 

86.15 

Mift 

27 

Corn-meal,  ....... 

10.41 

7,04    1 

2.85 

72.^8 

&*(» 

2$ 

Same^  cooked, i 

9.87 

7.*^1 

3.64 

mm 

Sill 

31 

Wheat,  ClawBon'fl  winter,    .    . 

14.93 

8.81 

tm 

8707 

%^ 

29 

Corn-meal 

12.25    . 

8.81 

3.57 

70X5 

ssf.w 

m    1 

Saino.  heated^    .,..,. 

11,81 

BMi    1 

3.58 

69?3 

5&.3S 

22 

Corn*meal.    ....... 

12.37 

?i.41 

3.87 

68-*J3 

San 

23 

Sam©,  cfH»k^,  .,..,. 

M.25 

5.19 

4.44 

eoii^ 

lyT 

S2 

Kfjiij,  na\7  or  pea,    ,    .    .     . 

25.31 

22.06 

1,13 

96.59 

j^\ 
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1 

FABLE  No.  IV. 

DlGSSTIBLS  COHSTITUEHTS  OF  THE  FOOD  IN  PERCENTAGES  (KuHN). 

1 

Ko?f'KITIIOOK2y- 
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70J 
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grtai.    .    ,     , 
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60.4 

nsA 
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74.7 

84.4 

79.0 

65.4 

72.8 

69.0 

Clover,      .     .     , 

77.7 

7S.7 

78,0 

63.3 

65.1 

64.0 

78.0 

78.6 

78.0 

66.9 

67.4 

67.0 

Lucem-ebver,  , 

78.2 

83.2 

81.0 

37.0 

53.6 

45.0 

61. 1 

76.9 

72.0' 

31.6 

46.8 

41.0 

E*p»rcet,  .    ,    , 

71.7 

73J 

73.0 

64.1 

69.2 

67.0 

1  76.5 

'  80.0 

7K.0 

42.1 

42.3 

42.0 

Lapmn,    .     .    , 

73.0 

75.7 

74.0 

15.5 

45.3 

30,0: 

67.3 

05.9 

62.0' 
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79.8 

73.0 
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36.0 

I^a  leavfii,    . 

•   • 

p   , 

56.0 
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63.0 

Oc^«-hi/  .  \ 

4:i.o 

73,3 

60.0 
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32.0  I  28/i 

51.6 

36.lt 

46"8,  72,9 
53.0   67.0 

56.0 
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Of  the  feeds  examined  in  per  cent,  of  digeMiljilitj  of  tbe  albunn- 

noids,  bean-meal  stands  the  highest,  linseed-niea!  (old  process)  next,  and 

k|eMieal  bat  little  less,  while  the  mixed  bay  of  rather  inferior  quality, 

lilt  similar  to  mnch  hay  feed,  stands  lowest.     The  old  process  linseed- 

Iftlftlsliows  a  higher  per  cent,  of  digestibility  than  the  new  process;  this 

difference  is  due,  very  likely,  to  the  i>arti:d  cooking  of  the  niesd  Ijy  steam 

during  the  process  of  oil  extraction  and  preparation  of  the  nu'ul  iVir  tvad. 

Cotton^ec^ed  meal,  much  the  richest  substance  examined,  gives  a  high 

|i«lficient  for   digestibility.     A  marked   difference  exists  between  the 

fcthree  hays,  showing  plainly  the  diU'ercncc  between  well-cured  hay 

[  tod  that  exposed  to  tlie  weather. 

Of  the  raw  and  cooked  foods  examined,  in  every  instance  the  higher 
digestion  cO'effieients  were  obtained  from  the  raw  foods,  and  an  exami- 
Mtion  of  the  table  of  analyses  shows  an  actual  loss  in  albuminoids  by 
cooking,  and  a  change  in  the  fat  rendering  it  insoluble  in  t*ther,  and  un- 
ited ui>on  by  acids  or  alkalies  of  the  strength  used  fur  lib  re  determina- 
ticmi, 

Xn.    THE  COMPOSITION  OF  F^CES. 

The  fa*ces  are  couji^osed  of  the  more  or  less  altered  residue  of  the 
food-stnfl's,  to  which  are  added  t!ic  excretory  produets  of  Ihe  digestive 
trict.  The  character  of  the  faeces  will  be  governed  by  tbe  relative 
tooiints  of  these  two  groups  of  substances, 

Wben  no  food  is  given,  as  during  fasting  and  in  the  faetiil  state,  the 
feces  consist  only  of  the  excretory  products  of  the  digestive  tract.  Tins 
itAte  of  affairs  will  also  hold  when  tbe  food  given  is  entirely  digested 
tad  absorbed,  as  is  the  case  with  the  dog  fed  on  a  not  too  abundant 
oett  diet. 

Tbe  amount  of  matter  found  in  the  fteccs  which  is  not  derived  from 
the  fteces  may  vary  under  diflerent  circumstances.  In  the  fasting  con- 
dition»  according  to  F.  Miiller,  the  faeces  contain  4  per  cent,  of  the  total 
aiiiQuntof  nitrogen  eliminated,  L4  per  (rent,  of  the  amount  of  carbon,  and 
25  per  cent,  of  the  inorganic  matter.  When^  however,  food  is  given,  tbe 
iicti**it_y  of  tbe  intestinal  mucous  mendjrane  iB  increased,  and  tlirongli 
increased  secretion  and  excretion  the  percentage  of  faxal  constituents 
not  derived  from  the  food  is  increased. 

The  fieces  passeil  in  the  fasting  condition  famish,  therefore,  no  index 
S8  to  tbe  degree  of  intestinal  excretion.  This,  however,  nuiy  be  reached 
tlirough  the  examination  of  tbe  fjeces  of  camivora  fed  on  meat,  when 
the  amount  of  nitrogen  ehmiuated  will  be  about  1,2  per  cent,  of  the  total 
amount,  carl>on  2.7  per  cent,,  and  inorganic  matters  18,5  per  cent. 

Meconium,  or  the  contents  of  the  foital  intestinal  canal,  contains 
nentral  fats ,  free  fa t ty  acid  s ,  bi  I  i  ve rd  i  n ,  b  i  1  i  r u  bin ,  unchanged  bi  I  i  ary  ac  ids,. 
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cent.,  though  the  carbohydrates  are  almost   completely  absorhed,  only 
1  per  eent.  Imng  lost,  and  ntiiy  5  per  cent,  of  fats  escapes  absorption.  In 
the  herbivoi'H  the  Iosj*  is,  however,  much  gresiter.    Thus,  a  horse  ftd  with^ 
six  kilos  of  oats  and  fifteen  liters  of  water  will  pass  about  twelve  I 
of   fjeee8,  coinpowiffl   of  three  kilus  of  solids,  containing  5  per  cent.  < 
albmninous  mattcT,  2Q  per  cent  of  fat,  20  per  eeiit  of  starch,  aud  HO  | 
cent,  of  cellulose.     If  tlic  horse  is  fed  with  a  mixeil  diet,  eompoded.  f<M 
example,  of  three  and  n  half  kilos  of  oats,  five  and  a  half  kilos  of  tiar^ 
and  one  and  tbree-fonrihs  kilos  of  eliopped  straw,  seventeen  kilos  of 
fieces  will  be  passed,  in  which  tUere  will  be  four  kilos  of  solids, of  whicfc| 
30  per  cent  will  be  allnnninons  matter,  40  per  cent,  fats,  30  [>er  cvnt, 
starch,  and  GO  per  cent,  celbiluse  having  es€*aped  digestion.     The  k^ 
is,  tlierefore,   greater   in  a  mixed   diet  t!mn   in  a  hurse  fe<l   on  gmM 
alone.     In  the  ruminants  the  digestibility  of  hay  is  much  grt?ater  thai 
in  the  horse.     Oxen  fed  with  ten  kilos  of  ha^-  will  digest  and  ftbsorl 
about  50  per  cent,  of  the  albumiu^His  matter,  wliile.  as  already  mentiond. 
if  more  readily  digestible  substances  are  added  to  t!ie  hay  diet,  less  kr 
will  be  digested. 

It  has  been  found  that  in  the  fermentation  of  cclhilose  large  qnann-l 
ties  of  COt  and  Cll^are  furinetljand,  as  the  hitter  gas  is  eonstantlv  finiiidl 
in  the  intestine,  that  its  source  is  in  the  putrefaction  and  femientiitioo  in 
the  intestinal  canal  is  readily  conceivalile,  ami  indicates  a  pus><iMt»  cipl^i 
nation  of  the  fact  that  about  40  to  tJO  jkt  cent,  of  cellulose  disappcirj  j 
in  the  intestinal  canal.  This  may  occur  in  tbe  rumen  of  the  ramiii»«t»J 
while  it  certainly  occurs  in  the  Ciceum  of  tbe  horse,  although  iu  ili'«  ] 
animal  less  cellulose  disappeai^s  than  in  the  ruminant. 

As  regards  the  inorganic  constituents  of  tlic  foo<!,  the  facttlwniitj 
fa*ces  contain  but  small  amounts  of  sobdjle  salts  sliows  tlutt  Ibcv 
have  been  largely  al+sorbed.     Small  amounts  only   of  the  alkftlief  ( 
found  in  combination  with  chlorine  and  sulphuric  acid,  while  [>otassiiiii  ^ 
and  sodium  are  found  in  combination  as  chlorides  or  sulphates  in  miuuf  . 
quantities.    Magnesium  is  also  almost  entirely  absent.     In  the  bt'rUronJ 
less  lime  is  ahsorbtMl  tban  magnesium,  while  in  the  earnivora  l»iil ' 
small  quantities  of  both  lime  and  niagnesiuni  are  absorbed.    An^ 
point  of  contrast  between  carnivora  and  herbivora  is  that  in  th«  foi 
almost  all  the  phosphates  in  tlie  fof>d  are  absorl»ed,  while  in  tliebfrbiTI 
they  are  almost  entirely  excreted  in  the  fa'ces,  unless  they  are  fe<i  »itJi  j 
meal,  milk,  or  other  readily  digestible  food. 

Mr.  E.  F.  Ladd  has  tested  the  relative  digestibility  of  the  flilftB 
fce<ling    stuffs    by  digestioji    experiments  ])er formed   with   them, 
thorough  comminution,  with  an   artificial  gastric  juice,  fonne*!  of' 
per  cent,   hydrochloric  acid  with  five  grammes  of  pettsin  to  the  liw 
The  fuUowiug  tables  give  his  conclusions ; — 
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S  = 


6Mi 


4 

5 
6 

7 

8 

t» 

10 

11 
13 
14 
15 

in 

17 

18 
19 
20 

21 

ai 

24 
2.^ 
Stl 
27 
28 
31 
29 
30 
22 
23 
32 


Hay  ahu  CoABflB  Fobi>e»& 


Clover*hay, .  .  ,  , 
Bftcne,  it0!i.med,  .  . 
Hay,  ortiimiry,  tnixod, 
Hay,  f*oor,  many  daisies, 

Sroja  liiBpida,     .     ,     . 

Wh€?at-l*ran,  .  .  . 
Glutcn-nif'al,  .  .  . 
Stansb- refuse,    .     .     . 

Corn'feftri,  ground  etTm 
Corn-fee»i,  ground  uiill, 
LinMje^l-mim],  old  jirocesB, 
LiJiP^f«i-jiii^ul,  new  proctfjse, 
Cottflo-seed  meal,  .     , 
Slime,  cooktsd,  ,     . 
Ship-Btuff,     .... 

Graim. 
Pfia-me^al,  .  ,  .  . 
Crusliod  oat?,  ,  .  , 
CJorn-niLml,  .  .  ,  . 
Corn-mwal,  .... 
Sivnie,  cooked,  ,  .  . 
Wheat,  CiflWBonV  winter, 
Corn-int^ai,  ,  ,  .  . 
Same;  lii*ated,   .     .     . 

Corn-m^al 

Samp,  cooked,  ,  .  . 
Be:iD,  navy  ur  pea,    . 


II- 


14.5S 
14.34 

7.ai 

10,68 
7.31 

15.87 
32.S7 
2L0« 
J  2.,^ 
lOjfi 
7.50 
34.riO 
35.37 
43.21 
42,73 
17Ji 

24,.^t 
ILHT 
10,H7 
10.41 
9.87 
14.W3 
12.25 

ii,ai 

12  37 
n.25 
25.31 


10.03 


5.44 
6.88 

4.o<5 
13.00 


12:68 


33.13 
32,19 
40.25 

16.81 

20,19 
10.31 

7M 
7,H1 
8.81 
8.81 
8.81 
9.41 
5J9 
22.06 


i 

u 


4.70 
670 

2.09 
2.51 
2.89 
2.57 
2.82 

2.65 
5.51 
560 
4.S9 
4.54 
2.38 
3.81 
7.62 
5.30 
1L19 
2.34 

275 

2.15 
1,50 

^M 
1.93 
3.57 
3.58 
3.87 
444 
1.13 


s 


Hi 


6765  I  HJ* 
53.27 
35.32 
f>7.fi9      M.» 
6300  I   BU 


7t^.^^ 
61,35 

39  Ji    . 

83.27 

m 

83.23 

73.43 

.  p  • 

60  JO 

tl» 

57i*fl 

*  ►  ■ 

6&.71 

mf^ 

(13.10 

78  44 

7i3S 

8773 

kH 

7Z$[ 

HIM 

86ili 

HKm 

I^Si 

BLflS 

^.14 

86.iri 

&1.?A 

72..^ 

Will 

6;tlfi 

5117 

S7n7 

7^-09 

70S5 

5y.« 

mT4 

S3f» 

mm 

5».I7 

fi05S 

lAi7 

95  59 

n*& 

OOXPABJLTIVS  DI0B8TIBILITT  OF  F00D-8TUFFS. 
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TABLE  No.  IV. 

CoVflTITUXHTS  OF  THK  FOOD  IH  PbRCENTAOBS  (EuHH). 


NOH-KlTROOElsr- 

AUnmmN,      1 

Fat. 

9ira  Kx^csACT- 

CmLLm^miL 

iVKMArrci^ 

L 

i 

i 

1 

i 

i 

i 

i 

i 

1 

i 

i 

'  S 

1 

1 

1; 

1 

1 

\ 

i 

hddiTM, 

•tm,    - 

70J 

79J 

75.0 

63.4 

68.1 

66.0 

715 

64.4 

79.0 

70J 

75,2 

73.0 

«ibfr- 

■          m           * 

69.0 

71.7 

70.0 

60,4 

68,1 

66.0 

74.7 

84,4 

79.0 

65.4 

718 

60.0 

«           *    1 

77J 

78.7 

78.0 

83.3 

66.1 

64.0 

78.0 

78.5 

78.0 

66.9 

67,4 

67.0 

IfW.    . 

78J 

83.2 

81.0 

37.0 

63.6 

46.0 

6L1 

76,9 

72.01 

31.6 

46.8 

41.0 

■      ■       ■ 

71.7 

73.3 

73.0 

64.1 

69J 

B7,0 

76.6 

80.0 

78.0 

42.1 

42,3 

42.0 

^ 

!  73.0 

75.7 

74.0 

16.5 

46.3 

30,0 

57.3 

65.9 

62.0 

67.1 

70.8 

73.0 

luiks 

ing  of 

)7-  , 

. 

^   , 

4S.0 

^ 

24.0 

■    * 

»    ' 

60,0 

.   . 

.    . 

36.0 

fM.      • 

'  ' 

«   1 

6di> 

'    " 

' 

79.0 

*    * 

' 

65.0 

*   ■ 

■    > 

35.0 

f »  .      - 

38.6 

71.0 

57.0 

a.6 

69.7 

46.0 

4a.O 

78.S 

63.0 

44.6 

72.4 

58.0 

tphhf 

53.0 

6S.0 

61.0 

27.0 

57.4 

45.0 

56,7 

76.0, 

66.0 

54.3 

74.9 

63.0 

T,    .     . 

4110 

73.3 

60.0 

33.0 

75.3 

50.0 

62.5 

80.1 

60.0 

38.0 

50.2 

47.0 

J.  >   • 

712.1 

1^3.0 

77.0 

29.7 

61.0 

30,0 

62.6 

72.0 

85.0 

33.1 

45.7 

40.0 

73.0 

75.7 

74.0 

15.5 

45  J 

30.0 

67,3 

65.11 

62.0 

67.1 

70.8 

73.0 

b«et. 

*   f 

65,0 

*   ' 

60.0 

*   ■ 

54,0 

■   ' 

64.0 

IW,      - 

26.0 

27.0 

40,o; 

62.0 

"m 

28.6 

26.0 

2U 

40.0 

32.0 

28;5' 

61,8 

3(J.o! 

46.8 

72J 

66.0 

W           V 

14.4 

50.0 

38.0 

U.0 

51.0 

30.0 

33  2 

47.0 

42.0; 

63.0 

67.0 

01.0 

vw,    . 

]2.a 

16J 

15.0 

32.4 

42.6 

38.0 

50.7 

51.3 

61.0 

49.11  66.6 

52.0 

•       • 

mM 

60.6 

m.b 

4KS 

50.1 

46.0 

S4.0 

64.8 

64.0 

47.2,  65.9 

520 

35.4 

39.7 

37.0 

25.4 

35,0 

30.0 

64.5 

65,4 

65.0 

49.2 

62.0 

61,0 

xptri- 

with 

ui   . 

5S.D 

8L3 

74.0 

68.4 

9^.0 

82.0 

65.0 

79^7 

73.0 

5.5 

32.1 

21.0 

parley 

lenli 

romi- 

p   ■ 

*             M 

77.0 

,    , 

,   . 

100.0 

,   . 

.   . 

67,0 

-   " 

20,0 

oom 

eaLt 

?).    .| 

83.9 

83.1 

85.0^ 

74,1 

78.5 

76.0 

1 

9.2S 

96.3 

94.0 

17,0   67.4|  34.0 

PITYSIOLOGT  OF  THE  DOMESTIC  ANIMALS* 

TABLE  No.  IV. 

DlQESTlDLE  CONSTITHENTa  OF  TKE  FOOD  Of   PEECEBTTAOEe. — (Umimmd.} 


Ko^'XrriEOG^iv- 

Albvmmjx. 

Wat, 

iiVH  KXTB ACT- 
IVE U^Txmm, 

Caujfum. 

Naitb  of  tmk 

i 

I 

^ 

i 
1 

'  i 

i 

1 

i 

i 

1 

^ 

s 

1 

s 

2 

S 

s 

m 

s 

i 

n 

i 

» 

s 

riuhfld     hbm» 

wit  i        rumi- 

1 

..  1 

nants),  .     .     , 

80.6 

100.0 

90,0 

86.9 

100.0 

97.0 

90,7 

1  ^.7 

94i> 

^   2S.J 

100.0  asi)  1 

Peiia       {experi- 

menta       with 

.  1 

bog^),    .     ,     . 

84.4 

91.5 

m,Q 

41           ,0 

M.O 

947 

98.8 

97.0 

55.1 

mmi 

Pea*       (e3£peri- 

I 

^      meote       with 

1 

ftkeep),   .    .    . 

9a.5 

97.6 

97.0 

•   ^ 

,  . 

ioo,o 

710 

100.0 

90.0 

*  * 

1 1 . 

V.  Mtinuffidnrtd 

PfQiiurU. 

Rftpe-eeed    cake 

(experiinenta 

with  C0W8  iind 

111 

oi^n),    .     .     . 

S1.S 

92.4 

85.4 

79.7 

93,6' 

88.0 

70,2  84.9 

78.0 

p 

ui 

Kape-sL*ed    cake 

1 

(ex  peri  ni  tints 
With  eliet^p),    , 

65.3 

83.9   75.9| 

r>9,s 

77.2   69.0 

66.0 

85.4 

78.0 

.          4- 

u 

u 

Lioeeed  cjike  (ex- 

perimentB  with 

3i^ 

oxen),     .     .     . 

80.2 

eaS   87.01 

m.7 

93.9   91.0 

85.0 

96,3   9L0| 

. 

m 

LiiHet-i  cake  (('X- 

lierimentj^  with 

tiift 

SO.O 

87.4 

83.0 

86.5 

92.5 

00.0 

60.0 

78.7| 

7L0 

29J 

m 

]>erimenta  Willi 

^ 

oxen),     .     .     . 

82.9   93.5 

8S.0 

77.6 

81.6 

80.0 

77.7 

81.2 

S0.0 

lU 

m 

\Vheat>  iamn  (ex- 

]>errim«iita\vith 
sheep),   .     .     , 

75.0 

50,0 

-    , 

70.0 

_ 

sji 

Rye-bran       (ptc- 

p(?riment.4witb 

ah 

pig»),      .     .     . 

05,8 

0H,2   66.0i 

57,4 

57.6 

57.5 

74.3 

74.7 

74.5 

U 

10>  ^H 

Sktmtiiiid      »onF 

1 

I 

milk     (ex|>«*ri- 

1 

Eienta       with 

1 

P'g^)«      '     »     - 

*    * 

96.0 

9^5.0 

. 

. 

99.0 

■  1 

.  ^ 

"1 

Meat  residue  fex- 

1 

perimenti?  with 

1 

1 

ruiiiinantii),     . 

95,0 

^ 

. 

98.0 

*         4 

»  . 

•   I 

4  • 

, ' 

"1 

Meat  residue(ex- 

j 

1 

penrnenti*  with 

1 

piga).      .     -     ^ 

95.1 

98.9 

96.0 

82.3 

90.7 

87,0 

"           ■ 

'    * 

■  • 

*  * 

* 

u 

OOMPABATIYE  DIGESTIBILITY  OF  FOOD-STUFFS. 
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TABLE  No.  V. 

IGK8TIBILITT    OF     THE    NUTRITIVE    PRINCIPLES    IN     F00D-8TUFF8     BT    DIF- 
FERENT Animals  (Pott). 


PiiomBS. 

Fats- 

Noif  -  KITKOGEK- 
OUfl     Ex  TH  ACT- 
IVE MaTT£1UI, 

FODBKSS. 

i 

i 

1 

'li 

i 

1 

1 

m 

i 

B 

1 

i 

L  Tbe  Ruurirjurm  dig^Kt  the  fol- 
low mg  perceatagea  of  nutri* 
tivesubfitauces: — 

1 

1.  (a)  Qr€€n  Foodi:  Prmirie-gnua, 
dover,      iDcem,      eaparc^t, 
vetches,   ryB,  lupines,   corn, 
hmns,   peaa,    ftptirt^',   white 
moAUrd,  mp«<iieed,  c«ll>age, 
b«et- leaves. 

1 
i 

1 

(h)  Eajf  of    dip&rcet,  Yetchea, 
Ine&m,  aud  lupines 

eo.o 

81.0 

70.0 

1 

50.0 

75.0 

00.0 

65.0 

79.0 

73.0 

Z  (&)  Qnen  Foodx,  tie.:  Prmirio- 
mm  after  blo^Homiiig,  beet* 
leayea,  buckwheat 

(i)  Frairie-hay,  cloTer-hay, 

(c]  Straw  of  beans,  peai,  and 
leniib ,  , 

40.0 

78.0 

60.0 

1 
32.0 

62.0 

50.0 

54.0 

76,0 

65.0 

3,  Fhiirk  Grummet, .    .    ,    -    - 

58.0   70.0 

64.0 

45,0 

08,0 

54.0 

62.0 

74.0 

67.0 

4.  Acid  Hay *  -  , 

50.0 

72.0 

60.0 

4e.o 

7C.0 

60.0 

53.0 

67.0 

60.0 

5.  Brtiw    of  the    cereals,    rape, 
cloTer,  lupmee,  potato^,  ,     , 

17,0 

48.0 

1 
27.0 

20.0 

49.0 

35.0 

35.0   60.0 

44.0 

i.  (a)  BmU  and  Bulbt:  AW  lort* 
of  beets,  potatoes,  etc. 

1 

(£)  Residue  from  manofacture 
of  BpiriU,  starch,  and  sugar, 
etc.. .    ,  . 

01.0 

86.0 

S5.0 

m      . 

89.0 

96.0 

93.0 

1  Cereal  Gmitu,  ,..,., 

G8.0 

86.0 

78,0 

67,0 

97.0 

82.0. 

67.0 

91.0 

86.0 

Malt,   ......... 

81  H 

4R.0 
Hi.O 
87.5, 

. 

*    ' 

876 

Brew&ra'  grain ii, 

Acoroii,    ........ 

'    • 

'   ' 

73.0 
83.0 

.    . 

t   * 

64  0 
91,4 

8.  EfiU^  FruiU, 

SLO 

95.0' 

9L0| 

66.0 

100,0 

8CJ.0 

84,0   ^.0 

1 

92.0 

B.  Fo<idfr  Oik&:  Rape^eeed  cake, 
un^helkd    ^outid-TiutJi,   tin- 
ahelled  cotton-seed  and  other 
oil -cakes  and  oil -cake  meals,  . 

74.0 

90.0 

81.0 

69,0 

01,0 

J 

88.0 

1 

4n.o 

85.0 

70.0 

PHI8I0U>GX  OP  THE  DOMESTIC  ANIMALS, 


TABLE  No.  V. 

TIBILITT     OF    TffE     NCTHITIVE     PltlNCJPLHa     IN     FoOU-STtTFFS    BY    Dl?- 

FBHEHT  Animals —( Omitmued). 


N03f-^mt06£M' 

Photkii^s. 

Fim 

IVfi  MArTEUt 

FOBDKBSk 

i 

i 

i 

i 

4 

1 

1 

a 

i 

1 

i 

1 

1 

1 

s 

s 

^ 

^ 

S 

^» 

a 

S 

s 

Fodder   ChJki  of  the   varioui 

u«M    and  aeedi,  _J    &l 

irshellmg,      .    ,     ,    .                            BS.O 

Be.o 

100,0 

90.0 

,  «3.0|  m  MO 

j/-&rart,       .     , 

82.0 

50,0 

77.0 

*i3,0['  7L0;  8it>;  I«.l> 

rpouid^r,     .     . 

^.0 

■  * 

»  • 

98.01,1  .   , 

,  . 

90.0 
.    -.           610 

•  • 

*   ' 

1000 

•    • 

1  •  • 

# 

ilk  aaa  d&ii-y  neidLiei, 

9L0 

94,0! 

90.0 

&9.0 

95.0 

,    , 

, 

98/1 

^rewed  lioti«,    .... 

■     ' 

2ti.O 

33.0 

52.0 

77.0 

69j0 

i3.€ 

BO 

*7i) 

Hoas  digeet  tlie  fallowing  p^r- 

oentagei    of   nutritive   suh- 

f  lABcfiB : — 

L  Gni»hed  baHoy,     ..... 

7 

78.0 

65.0 

77.0 

eso 

^90 

m 

»J& 

2.  Crumbed  petLa,    .    . 

a 

m.o 

3*1.0 

67.0 

50.0 

9.^,0 

m.Qimi  1 

$1  Grai^hod  com,    .    , 

8          V.V.  85.0 

74.0 

70.0 

7G,0 

93.0 

f^eoi'^fl  1 

1       4.  CruftljBtl  beariF,  .     . 

.....     79.0 

,    , 

7L0 

■   ■':'^ 

&,  Rye-bmo,     .     .     , 

<M}.0\ 

53,0 

, 

.  ^ , '  ■■' 

6.  Boiled  nee,    .     .     . 

88  0 

9L0 

IMM) 

^   . 

,  ,  m^ 

7-  Me:iU)n>WLler,    ,     . 

S2.0 

99,0 

OfiO 

82,0 

91.0 

87.0 

♦ 

8.  BloiTd  meal,  .     .    . 

72.0 

^  ^ 

tt 

y,  CruwhtsJ  Uptles,      . 

71.0 

81.6 

77.0 

79.0 

91.0 

83.0 

f  » 

.l^V 

10.  Skimmed  £our  milk, 

. 

96.0 

. 

95.0 

f 

fl 

11,  Potatoes,  .... 

73.0 

.    . 

»    . 

.  « 

HI 

l±  Dil^ake 

m.Q 

75.0 

6.^.0 

75.0 

85.0 

mo 

fiOO 

90.C 

III 

13,  Brewers'  grains  and  raalt, 

70.0 

80.0 

75.0, 

00.0 

7O.0 

65.0 

80.0 

ftOO 

m 

C.  HoRSEi*  digest  the  following  per- 

centagefl    of    nntntive    eub- 

Btaticei:— 

1.  Oftt«, , 

77.0 

91.0 

SG,0 

7L0 

81.0 

TS/f     7<n^'  7**<''  >''^ 

2.  IVafl,    ..... 

85.0 1   .    . 

.   . 

7«i.<f     .    . 

^•1,1 

3,  Rpiins.      .... 

k.o 

90.0 

m.Q 

* 

8O.0,.  3:.\0 

^.g;tfj.u  J 

4.  Lui^tciea^  .... 

+ 

94.0, 

.    * 

, 

37.o; 

.    I 

.  1 

7M>  1 

fi.  Ooni 

. 

78.0 

. 

63.0 

^^  1 

0,  Biirlt?v%     .... 

80.0; 

42.0 

W^  1 

7.  rrasrie  hnv^,  .     .     . 

(ji.b 

66,0 

61.0 

140 

42.0 

23.0 

49.0 

(fflftSM  1 

W.  Clovtir-hiiv.  .     .     . 

51.0 

60,0 

55,0, 

2a,o 

3L0 

2a0; 

610  m^^»  1 

9.  Luciirri  hay;      .     . 

70.0 

75.0 

72.0 

21,0 

30.0 

2*&0|l  e7.o 

i^KI 

10.  Wiieiil-etrsiw,     .     . 

27,0 

44,0 

3n.O 

67.0 

100.0 

84.0! 

17.0 

»-«*Sl 

11.  Meadow  grsisr,  .     .     . 

69.0 

. 

13.4 

■  SI 

12.  Praine  gra$s,     ,     .     . 

54.0 

69.0 

fil.O 

13-0 

42.0 

220 

490 

»*,2tl 

13.  rarrot^,    ,     .     .     ,     . 

, 

,    . 

99.0 

.    ^ 

-    I 

•    '1 

,    , 

, .  *'  ■ 

14.  FoUtoea,  ..... 

■    ' 

■    • 

8S.0 

.       .    ,; 

.    . 

1" 

*    "  II  •   ' 
1 

. .  j  * 

COltPOSITION   OF  F^CES, 
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Of  the  feeds  examined  in  per  cent,  of  digestibility  of  the  albumi* 

s,  bean'irK.^iil  sUiiids  ilie  highest,  linBccd-Tiieal  (old  process)  next,  and 
Beal  but  little  less,  while  the  mixed  hfiy  of  mther  inrerior  quiility, 
similar  to  much  hiiy  feed,  stands  lowest.     The  old  proces**  linsui^d- 

shows  a  higher  per  cent,  of  digestibility  than  the  new  proeesn ;  this 
rence  is  due,  very  likely,  to  the  partial  cooking  of  Uil'  nieid  by  steam 
ng  the  process  of  oil  extraction  and  preparation  of  the  men!  for  feed, 
4>n-seed  iiieal,  nineh  the  ricliest  siibHtance  examined »  gives  a  high 
[ficient  for   digestihility.     A  marked    ditierenee  exists  between  the 

three  ha3"8,  showing  plainl}^  the  ditierenee  between  well<;ured  hay 
that  exposed  to  the  weather. 

Of  the  raw  and  cooked  foods  examined,  in  every  instance  the  higher 
?stion  co-etlicients  were  obtained  from  the  raw  foods,  and  an  exami- 
on  of  the  table  of  analyses  shows  an  actual  loss  in  albuminoids  by 
king,  and  a  change  in  the  fat  rendering  it  insoluble  in  etJier,  and  «n- 
^  n[K>ii  by  acids  or  alkalies  of  the  strength  used  for  fibre  determina- 

Xn*    THE  COtPOSITION  OF  F^CES. 

*rhe  fffices  are  composed  of  the  more  or  less  altered  residue  of  the 
«tuffa,  to  which  are  added  the  excretory  products  of  the  digestive 
».  The  character  of  tlic  ftcces  will  be  governed  by  the  relative 
Dnts  of  these  two  groups  of  subslanees. 

Vhcn  no  food  is  given,  as  during  fasting  and  in  the  fcjetal  state,  the 
consist  only  of  the  excretory  j^roduets  of  the  digestive  tract.     This 
of  affairs  will  also  hold  when  the  food  given  is  enlirely  digested 
Tbed,  as  is  the  case  with  the  dog  fed  ou  a  not  too  abundant 


amount  of  matter  found  in  the  fieces  which  is  not  derived  from 
may  vary  under  diflercnt  cireunistances.  In  the  fasti  ng  con- 
,  according  to  F-  Miiller,  the  ffcccs  contain  4  per  cent,  of  the  total 
tof  nitrogen  eliminate^i,  L4  \^r  cc^nL  of  tbe  amount  of  carbon,  and 
cent  of  the  inoi^nic  matter.  When,  however,  food  is  given,  the 
ly  of  the  intestinal  mucous  n)end>rane  is  increased,  and  tlirough 
secretion  and  excretion  the  jK^rceiilage  of  faecal  constituents 
rived  from  the  food  is  increased. 
!he  fjeces  passcMl  in  the  fasting  condition  furnish,  therefore,  no  index 
the  degree  of  intestinal  excretion.  This,  however,  may  be  reached 
h  the  examination  of  the  fieces  of  ciinnvom  fed  on  meat,  when 
IDOUUt  of  nitrogen  ehminatcd  will  be  about  L2  per  cent,  of  the  total 
Dt,  cafWn  2,1  per  cent,,  and  inorganie  matters  1H.5  per  cent, 
econium,  or  the  contents  of  the  fcetfil  intestinal  canal,  contains 
fats,  free  fatty  acidSjbiliverdiu,  bilirubin,  unehaogetl  biliary  acids, 


:?HYSI0I.OGY  OF  THE  DOMESTIC  AOTMALS. 

And  various  unknown  bodies  whloh  maj  1>e  e^ciraeted  with  etber ;  oq  tk 
otUer  hand,  phenol,  indol,  leiicin,  and  ty rosin  are  absent,  inrlieatrnfl:  ihc 
ahstjnee  of  putrefactire  changes  m  the  fallal  canah  Meconium  also 
contains  sulphur,  lime,  magnesium,  phosphoric  acid,  and  cooskleraLb 
amounts  of  ailcaline  salts.     The  reacitjon  m  faintly  actd. 

The  fffiees  passed  by  the  carnivora  during  fasting  closely  resembles 
meconium,  differing  from  it,  however^  in  that  they  contain  no  unchaiJ^ 
biliary  aci<ls  and  hydrobilirubin  i^  presctiL     When  fed  with  meal  ike 
fa?ces  of  the  dug  usually  have  an  alkaliiie  reaction,  and  where  the  ojeil 
liaa  not  been   too  freely  given  never  contain  undige^^t^d  muscle-fihrts. 
The  proof  that  the  fa>ces  in  carnivora  after  meat  feeding  arc  mainly  wm^ 
posed  of  excretory  matter  is  found  in  the  facts  that  while  int'n».nsliig  tbf 
amount  of  meat  does  increase  the  amount  of  fjaeccs,  the  increa.^i'!*  are  Otfl 
IM'oportional ;  and  that  the  amount  *  f  food  remainini^  uuehangd.  tb 
amount  of  faK^es  varies.     The  amount  of  nitrogen  is  alxmt  G  jiereeoL, 
while  the  inorganic  matter  is  eonsidembly  hirger  in  amount  than  ^^^'^►^ 
nium,  but  eoirtains  less  alkiUine  salts.     When  large  amounts  of  fuU  are 
given   to   dogs  with   meat,  the   fieces   are   dark-brown   externally  «<i 
grayish  on  the  inside  ;  the  daily  amount  [Mssed  is  also  larger  than  wlwfe 
meat  alone  constitutes  the  diet* 

The  faeces  in  herbivom  always  ha%*e  an  &si>&ct  and  color  cloteJf 
similar  to  the  food  witli  which  the  animals  have  been  fetl  Tliti^t^v 
are  yellow  when  fed  on  hjiy^  and  green  if  gi^ass  has  l>een  giveji,  n^i 
chlorophyll  is  unchanged  in  the  alimentary  tube;  the  tint  will,  boirever, 
vary  according  to  the  ruptdity  of  their  progrei^sion  through  the  iiit4»*liJie 
and  the  <puintity  of  bile  iMiiired  out  The  ficces  of  soiipcdesare  v%U\M 
in  rounded  masses ,  flattened  at  the  sides  from  mutual  iiressure,  sw*!  art 
yellow,  green,  or  brovvnisli  in  color.  In  oxen  the  fteces  are  of  semUoW 
eon  si  s  tenc  e ,  and  da  r  k-g  re  e  u  or  1 1  n  *  w  n  in  (*  o  I  o  r.  T  li  e  fseees  f  j  f  s  beep  tit4 
goats  are  pfi.^sed  in  tiie  form  of  small,  ln»rd  balls,  very  dark-jimo  «f 
black  in  color.  In  hogs  llic  fa?ees  are  semi-solidj  very  otfensive  hi  odt^r; 
their  color  depends  on  tlie  nature  of  the  food. 

The  consisteoey  of  the  fa^ees  depends  naturally  upon  the  qrantitT 
of  water  eoiUuineil  in  them,  which  even  in  the  most  solid  inside**!* 
still  consideraine.  In  carnivora  the  fieccs  have  a  blackish  tiat  if  w** 
has  been  given  cooked.  They  Ivccome  fatty  or  clay-colored  in  e^cs® 
obstruction  to  the  flow  of  bile  or  in  diseases  of  the  pancreas.  Tbe  od«t 
is  characteristic  of  each  group  of  animals,  and  is  due  primarily  t4>indoi 
and  aul]>liuretted  hydrogen.  The  qicnitity,  both  nl»solute  and  rebli^^^ 
the  amount  of  food,  is  jrreater  in  lierhivora  than  in  carnivora;  ibo^ 
horses  empty  their  Imwels  on  an  average  every  three  hours,  and  ft** 
fed  on  10  kilos  ha}'  and  2  kilos  oats  will  pass  about  17  kilos  faeces, coi 
taining  2.67  kilos  of  solids;  cattle  evacuate  about  30  kilos  of  fjecesdailji 
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■with  about  4.6  kilos  of  solids;   dogs,  when  fed  on  a  purely  meat  diet, 
f.criy  every  two  to  four  days,  and  only  a  few  grammes  in  amount.     The 
'  msistency ,  as  mentioned  before,  depends  upon  the  amount  of  water  eon- 
fc  tuned  in  them,  and  is  naturally  governed  by  the  activity  of  secretion,  of 
tbeorption,  and  the  amount  of  water  drunk.     Thus,  in  man  they  contain, 
I  onanaTerage,  31  per  cent,  of  water;  in  the  hog,  75  per  cent. ;  in  the  sheep, 
Mper  cent. ;  in  the  horse,  77  per  cent,  and  in  the  ox,  70  to  80  per  cent. 
The  reaction  of  the  faeces  may  be  either  alkaline,  neutral,  or  acid, 
decoding  upon  the  character  6f  the  fermentations  occurring  in  the  con- 
tents of  the  lai^e  intestine.     Thus,  when  alkaline,  as  is  usually  the  case 
1b  abundant  albuminous  diet,  the  reaction  is  due  to  ammoniacal  fermen- 
tition,  while  an  acid  reaction  is  usually  due  to  the  fermentation  occurring 
in  the  carboh^'drate  constituents  of  the  food. 

The  fseces  are  composed  of  excrementitious  substances  no  longer  of 
use  to  the  economy  and  which  must  be  eliminated.  They  contain  indi- 
gestible matters,  such  as  chlorophyll  granules,  gums,  resin,  wax,  animal 
ittd  vegetable  elastic  tissue,  cellulose,  hulls  of  seeds,  and  epithelial  cells. 
Lactic  acid,  butyric  acid,  and  various  gases,  such  as  h}  drogen,  oxygen, 
carbonic  acid,  and  carburetted  hydrogen,  are  present,  w^hile  in  addition 
Tarious  salts  are  found  in  large  amounts,  of  which  the  ammonio-phosphate 
of  magnesium  is  usuall}'  in  excess.  As  putrefactive  products,  leucin, 
tjrosin,  indol,  and  finally  skatol  and  the  volatile  aromatic  acids,  such  as 
Talerianic  and  caproic  acids,  are  met  with,  while  cholesterin  and  the 
bile  coloring-matters  and  gljcochol  are  also  found,  taurocholic  acid  being 
again  absorbed. 

The  contents  of  the  large  intestine  are  always  in  a  more  or  less 
niarked  degree  of  putrefaction,  which,  however,  though  hindered,  is  not 
entirely  prevented  by  the  bile. 

In  carnivora  fed  on  bones,  the  fa?ces  are  dense  and  gra^'  from  the 
presence  of  lime  salts.  Silicious  salts  constitute  a  large  percentage 
of  the  excrement  of  the  lower  animals;  thus,  in  the  horse  and  ox  they 
amount  to  from  2i  to  3  per  cent.;  in  the  sheep,  to  6  per  cent.;  while  in 
the  hog  as  much  as  8  i)er  cent,  of  silicious  salts  are  present.  These 
salts  are  products  derived  from  the  matters  taken  into  the  alimentary 
canal  of  inorganic  nature,  and  from  the  inorganic  matter  of  the  hulls  of 
the  cereals.     A  small  amount  of  soluble  salts  are  present. 

The  following  table  gives  tlie  percentage  of  salts  found  in  the  faeces 
of  diflTerent  animals.  The  percentage  will,  of  course,  vary  according  to 
the  nature  of  the  food.  It  may,  as  a  rule,  be  said  that  in  the  faeces  of  the 
dog  about  20  per  cent,  of  inorganic  matter  is  present  when  on  a  pure  meat 
diet,  and  24  per  cent,  on  a  mixed  diet ;  in  that  of  the  herbivora  58  per 
cent,  is  inorganic,  though  the  fieces  of  the  sucking  calf  will  contain  only 
2.6  per  cent,  of  the  inorganic  matter  contained  in  the  food.     According 
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to  Talentin,  100  grammes  of  fieces  of  the  bog  contains  3T.8  gramaia, 
ox  15.2  gmmmes^  horse  13.3  grammes,  sheep  13.5  grammes  of  a«b:— 
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HoK. 
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, 
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Oxide  of  magnesium,     . 

2.13 

.    . 
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XHI.  THE  MOVEMENTS  OP  THE  INTESTD?ES, 

The  wnlb  of  both  small  and  large  iDteatines  are  supplied  with  ufr 
striped  fiuiscwlar  fibres  arrunged  in  cireulur  and  longitudinal  layers 
which,  tliroiigh  their  contraction^  serve  to  cause  a  slow,  onward^  pro- 
gressive movement  in  the  contents  of  the  alimentary  tube. 

Tlie  arraTigemcnt  of  these  museulnr  fibres  diifers  in  the  small  and  lar^e 
intestine  and  in  diflerent  animals.  The  longitudinal  layers  lie  beneath 
the  submucous  layer  immediatel}'  below  the  serous  covering,  and,  tliew- 
fore,  gl\i*  the  intestine  its  longitudinally  striated  appearance. 

In  the  small  intestine  these  longitudinal  fibres  form  a  thin,  uuifonu 
layer,  which  entirely  surrounds  the  intestine,  while  in  the  large  intestin« 
they  are  grouped  into  bands,  and,  being  rather  shorter  than  the  intci- 
tine,  throw  the  intermediate  parts  into  a  series  of  pouches;  this  con- 
dition is  seen  in  the  large  intestine  of  man,  the  omnivora,  in  the  cicciuii 
of  solipedes,  and  in  the  fixed  colon  in  these  animals,  while  in  the  floalinf 
colon  their  arrangement  is  more  similar  to  that  .seen  in  the  small  int««- 
tine,  and,  consequently,  in  those  i>ortions  of  the  alimentary  tract  tbe 
sacculated  apin^arance  is  wanting.  Immediately  below  the  longitttdiml 
fibres  is  found  tlie  layer  of  circular  fibreSj  which  arc  considerably  tnort 
developed  than  the  longitudinal  fibres. 

The  motions  of  the  intestine  have  been  compared  to  the  maire- 
ments  of  a  worm,  and  are  termed  peristaltic  contractions,  When  Uw 
abdomen  of  an  animal  is  opened  alter  death  the  walls  of  the  intestine 
are  seen  to  be  in  active  motion,  and  cause  the  intestine  thus  to  nnilergo 
a  series  of  active  movements  of  the  same  nature,  but  greatly  exaggcmud 
in  intensity,  as  the  movements  occurring  during  life.  If  the  ii 
are  closely  examined,  it  will  be  seen  that  these  movemeuts  con?!.-:.  . 
downward  passage  of  a  constriction  due  to  the  successive  contractiontof 
the  circular  fibres  oF  the  small  intestine  from  above  downwanl,  while 
tUc  same  time  the  longitudinal  fibres  contract  immediately  below  liw 
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i>f  constrictioti  bo  as  to  shorteu  the  iDte»tme  and  tt>  cuuse  a  rolling 
iRon  iu  the  intestine  itself.     Tli*'  Cinitraetions  ol*  tbo  eiri'uliir  fibres  ol\ 
f  gmall  intestine,  as  a  rule,  euuuuencc*  immediatel}  bdow  llie  pylorus 
Iprogresa  dowuwtkrd  toward  the  large  intestine,  so  teiuFing  to  force 
icintents  of  the  sundl  iiitestiue  onward  toward  the  ileo-ejeeal  valve; 
frhili?  the  pylorus  h  ordinardy  the  eummcnciii^  jjoint  of  this  series 
ontmetions^  the  wave  of  contraction  frequently  may  seem  to  corn- 
ice at  other  points,  and  normally  iMvariubly  moves  downward  toward 
urge  iotestirie.     It  is  stated  that  oecasiomilly  ttie  wave  tifcotdraetion 
nts'm  both  directions,  the  upward  movement  iK'iii;^  tben  spoken  of 
I  antiperistaltic  movement.     Such  a  contraction  uccurs  in  cases  of 
uetioii  of  the  intestines,  but  it  is  extremely  doubtful  as  to  whether 
tan  antiperistaltic  movement  ever  occurs  during  hciilih. 
Itisa  peculiarity  of  nnstriped  muscular  fibre  that  when  stimulated 
ft«  contraction  is  preceded  b}^  a  very  long  latent  period  and  lasts  a  con- 
■femhle  time,  relaxation  taking  place  but  slowly  afterward.     In  such 
^fcs  as  the  intestine  and  ureter,  a  t^timuhition  of  any  one  point  not  only 
causes  eontraetiou  of  the  muscular  fibres  iu  that  locality^  bat  that  con- 

tion  is  transmitted  to  the  parts  below  it,  the  contraction  !)cins^  prop- 
yl from   fd»re  to  fibre,  so   producing  a  wave  of  contrnctioti   which 
poaaes  along  both  circular  and  longitudinal  coats  of  such  tidjular  struc- 

The  peristaltic  movements  of  the  intestine  are,  iu  uU  probability,  due 
to  tlie  contact  of  food  with  the  interior,  and  yet,  as  in  the  case  of  the 
Itomaeb,  it  is  probable  that  this  stimulation  is  not  of  a  purely  mechanical 
nature;  for  w^hiie  the  insertion  of  foreign  bodies  into  the  siuall  intestine 
starts  up  a  wave  of  contraction,  that  con  tract  ton  soon  passes  oJl"  as  the 
I^Li»tUie  becomes  accustomed  to  the  prcsenct*  of  the  body,  80,  also,  the 
Hkfttiaal  movements  are  frequently  more  energetic  when  the  intestine  is 
Comparatively  empty  than  when  distended  ivith  food. 

The  principal  cause  of  the  movements  of  the  muscular  coat  of  the 
liowels  is  without  doubt  to  be  found  in  the  condition  of  the  blood  circu- 
lating through  the  vessels  in  the  walls  of  the  alimentary  tube.  Closure 
of  the  aorta  caitses  active  peristaltic  motion  of  the  intestine.  If  the 
btestiaal  tube  be  already  in  motion,  closure  of  the  aorta  increases  the 
^goror  the  intestinal  movement.  Closure  of  the  vena  cava,  or  portal 
vein,  and  dvspncea  likewise  increase  peristalsis.  An  increase  in  the 
amount  of  carbon  dioxide  in  the  blood,  or  a  decrease  in  the  amount  of 
oxygen,  leads  to  powerful  peristaltic  movements,  and  this  condition  will 
probably  explain  the  activity  of  the  intestinal  movements  seen  in  ainraals 
mTotly  killed.  In  this  case,  however,  the  exposure  to  the  cold  air  is 
»Ibo  concerned  in  the  production  of  tins  movement  The  manner  in 
wliicli  these  changes  in  blood  supply  influence  intestinal  movement  has 
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not  l>een   tlioroiigljlv   cl wired   up.     The  closure  of  the  aorta  may  act^ 
tUroiig:li  the  intermediation  of  the  spinal  cord,  either  by  the  stimalalion 
of  mutor  or  tlie  paralysis  of  inhibitory  apparatus  ;  or  it  may  act  directly 
on  peri[)heral,  intra-muscolar,  ganglionic  cells;  or  directly  on  the 
cular  fibres  themselves.     That  the  reutral  nervous  system  is  not  solely 
concerned  in  the  production  of  i>eristalsia  is  proved  by  itd  occwrrence in 
an   intestine   removed    from    all    connection    with   the   central  nervoM 
system,  and  it  has  l)een  found  that  ligation  of  the  mesenteric  artery  pr^ 
duces  in  the  main  the  same  effects  as  ligation  of  the  aorta.    We  hurt, 
therefore,  to  look  to  the  peripliery  for  the  mechanisms  which  mftintaiB 
peristalsis.     It  is  nut  jK^rmissible  to  iiss>nme  that  the  state  of  atrairsbert 
is  analogons  to  the  connL^etions  between  nerves  and  striped  musculnr  fibre, 
even  although  intestinal  peristalsis  may  be  proved  to  be  inflnenceil  br 
nerve  impulses.     The  state  of  aflkirs  is  more  analogous  to  the  Action  of 
the  pneumogastric  nerve  on  the  heart ;  for  while  the  peristaltic  actiufl 
may  occur  independently  of  the  central  nervous  system,  as  Iihs  ljed> 
proved  by  its  occurrence  in  excised  intestine,  it  also  is  influenced  bf  I 
nervous  impulses  passing  along  the  siilanchnic  and  pneumoga^stric  iiervi'* 
We  have,  therefore^  to  infer  that  the  movements  are  mainly  due  to  ntrvottJ 
impulses  starting  in  the  ganglia  found  in  the  walls  of  ttie  intestijse.-4b« 
ganglia  of  Auerbach  and  Meissner's  plexus, — and  that  these  g."; 
be  inllnenced  hy  impressions  tniveling  along  these  nerves.     \ 
splanchnic  nerve   is  cut,  the   j)eristaltic   contractions  are  temjiontntv' 
arrested,  probably  through  the  large  supply  of  arterial  bbjod  which  tJieo 
passes  through  the  walls  of  the  intestine.     On  the  other  hand,  iftbf 
splanchnic  nerve   be   stimulated  while   active    movement  is  go\tig  <*» 
peristahis  is  arrested,  in   this   case   probably  through  the  eoastjqoeil 
constriction  of  tlie   intestinal   blood-vessels.      If  the  pneumogastric  fct 
stimulated,  the  intestinal  movements  are  increased,  esi>ecially  w Leu  til 
splanchnic  nerve  has  been  cut,  and  it  is  prol>ably  through  the  |mennM>' 
gastric  that   the  movements    of    the   intestine   are   reflexly   inlltwJJc*' 
through  the  emotions. 

Temiieratnre  is  also  of  inflnenee  on  the  intestinal  movem^»l* 
Contact  of  the  exterior  with  cold  air,  or  the  introduction  of  cold  trf 
into  tlie  interior,  accelerates  peristaltic  movements;  so.  also,  the  UMrt* 
fluid  the  contents  of"  the  intestine,  the  more  active  are  the  intefitinal  1nOT^ 
ments,  thus  jierhaps  explaining  the  action  of  various  cathartics  wW 
lead  to  the  transudation  of  considerable  quantities  of  fluid  inta 
interior  of  the  bowels. 

The  movements  of  the  large  intestine  are  the  same  as  occiir  ia 
small  intestine,  but  are  less  marked,  owing  to  the  modified,  s«m 
shape  of  this  portion  of  the  alimentary  canaL    Just  as  the  perisi 
the  small  intestine  commences  at  the  pyloi^s,  the  contractions  of  the 
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large  intestine  eoramence  at  the  ileo-offical  valve,  whicli  is  the 
ihbI  |iolnt  of  the  peristaltic  movements  of  the  small  intestine.     The 
vements  of  the  larnre  intestine  are  said  not  to  be  influenced  by  stimn- 
ktion  of  the  splanchnie  nerves. 

XIV.    DEFECATION. 

The  contents  of  the  alimentary  tube,  wbit*h  are  forced  onward  by 
tbe  peristaltic  movements  of  the  walls  of  the  intestine,  are  arrested  at  the 
lower  extremity  of  the  large  intestine  throiijjh  the  tonie  contraction  of 
tbe  sphincters  of  the  anns. 

By  defaecation  is  meant  the  mechanisms,  partly  voluntary  and  (partly 
Teller,  which  are  concerned  in  the  evacuation  of  the  contents  of  the  lower 
bowel.  The  anna  is  closed  by  two  ninseles — an  inner  sphincter  which 
tODftists  of  unstriped  involuntary  fdrres^  and  an  external  sphincter  com- 
poied  of  voluntary  red  striped  muscles  ;  both  of  these  muscles  are  in  a 
lUte  of  tonic  contraction  due  to  the  constant  transmission  of  impulses 
from  a  special  centre  located  in  the  lumbar  portion  of  the  sjiinal  cord, 
ttcl  which  is  only  inhiliited  during  the  act  of  dcriecatiou.  The  contact 
nf  the  fsees  with  the  mucons  membrane  of  the  rectum  leads,  as  it  is 
oriinsrily  described,  to  the  desire  to  dcfiecate,  and  inhibits  the  contrac- 
IWMiof  the  sphincter  muscles.  The  peristaltic  coutniction  of  tbe  Ijirgcr 
hotel  is  then  suftlclent  alone  to  evacuate  the  contents  of  the  rectum, 
lie  a  simultaneous  elevation  of  tlie  atius,  through  the  contraction 
tbe  levator  ani  muscles,  raises  the  floor  of  the  pelvis  and  pulls  the 
WU3,  to  a  certain  extent,  up  over  the  descentling  fiecsil  mass,  at  the  same 
me  preventing  distention  of  the  pelvic  fascia.  "As  tbe  fibres  of  both 
atores  converge  below  and  become  united  with  the  liluTs  of  the  exter- 
n&l  sphincter,  they  aid  the  latter  d  it  ring  the  energetic  contractions  of 
tbe  sphincter."  Deftecation  is  partly  a  voluntary  mrtvement  and  may  be 
tld€<l  voluntarily  through  (pressure  prf)dnced  by  the  contnictiou  of  the 
ibdominai  mnscles.  When  the  contact  of  tbe  faH-al  mass  with  the  mu- 
oons  membrane  of  the  upper  portion  of  the  rectum  originates  a  desire  to 
defa'cate.  the  impulse  is  transmitted  to  the  brain  and  from  this  to  the 
spinal  cord,  inhibits  the  centre  of  defalcation  in  the  lumbar  portion  of  the 
cord, and  by  this  means  relaxes  the  anal  sphincter;  a  deep  inspiration  is 
then  made  and  the  glottis  is  cloeed ;  powerful  vohmtary  contractionN  of 
IheaMominal  muscles  press  niion  tbe  abdoruinal  corrtents  and  force  the 
mti'stinal  mass  d<iwn  into  the  pelvis,  tbu>^  mechauically  aiding  peristalsis 
'n  causing  the  downward  passage  of  the  fieces. 

The  contraction  of  the  anal  sphincters  is  kept  up  through  tbe  action 
of  a  nervous  centre  situated  in  the  lumbar  s|*inal  cord.  If  the  conuec 
tlonofthis  centre  with  the  sj>hincter  is  divided  relaxation  of  the  anus 
lakes  place,  but  section  of  the  cord  in  the  dorsal  region  only  teniporarily 


PHySIOLOOX  OF  THE  DOMESTIC  ANIMALS. 


inhibits  the  tonic  contraction  of  the  sphincter.  By  the  netion  oftbe  will 
the  tonic  fiction  of  the  sphincttjr  may  be  increased,  or  the  action  of  Ik 
sphincter  muy  be  completely  in  hi  bitted.  While  the  abUominal  Dontiwj- 
tions  above  aUuded  to  aid  in  defuecation,  the  sigmoid  ilexure  %^nm  to 
ward  otr  the  pressure  of  the  abdominal  walls ;  therefore,  the  eonlnifitbn 
of  the  abdominal  muscles  is  not  sufficient  alone  to  produce  defa*ciitioD, 
but  must  be  accompanied  by  the  peristaltic  action  of  the  large  itjtcj^tiDe 
and  sigmoid  tlexurti. 

As  a  rule,  the  eontmction  of  the  abdominal  muscles  is  volimtiiT, 
but  the  contact  of  the  fseeal  maaa  with  the  mucous  membrane  of  tUesig^ 
moid  flexure  is  itself  sufficient  to  inaugurate  and  normally  complete  lb 
act  of  defalcation*  Therefore^  defalcation  may  be  produced  in  st^te^t^'f 
entire  unconsciousness. 

Evacuation  of  fteces  occurs  at  varioua  intervals  in  different  aniauii' 
in  the  horse,  usually  six  to  seven  times  in  the  twenty-four  houi^i  iatl 
sheep,  four  to  live  times;  and  in  the  hog,  once  or  twice. 

In  the  act  of  defaeeation  in  the  horse,  the  loosely  attache*!  nti 
membrane  of  the  lower  part  of  the  rectum  is  also  extruded,  forming rt* 
eo-called  *^rose  of  the  anus,"  and  is  again  retractetl  after  tbt*  net  isooia*: 
plete  ;  the  object  of  thiw  is,  perhaps,  to  reduce  friction  lictweea  tkJ""' 
coua  surface  and  the  more  or  less  liard  ficcal  masses.  The  bora*  U  tAk 
to  evacuate  its  rectum  while  in  motion  ;  animals,  as  a  rule,  adojjt  a  un rr 
or  less  squatting  position,  with  the  back  highly  arched,  so  as  to  mn'^^ 
the  expulsive  action  of  the  abdominal  muscles. 


i 


SECTION   III 


Absorption, 

Wk  have  already  seen  that  tbe  nlinientjirj  tube  is  developed  as  an 
bvoliitmn  of  the  external  integument  llence,  even  after  having  under- 
gomUht*  most  perfeet  dii^estion,  rood-Rtu/fs  are  pnu'tienlly  still  outside 
oftlK!  bodVi  and  cau  serve  no  nutritive  pnrposen  until  they  have  entered 
th^  lymph- or  hlood<»uri*ents.  This  entrance  of  the  digestive  products 
h\Uf  the  circulation  is  ternied  absojj)fion ^  and,  as  jnst  indieuted,  sub- 
itances  reaeh  the  bl<Hjd-eurrent  from  the  alimentary  eanrd  in  one  of  two 
Ways:  either  directly  tlirough  the  walls  of  the  minute  Mood-vessels  in 
^  mncoiis  memhrane  of  the  stomach  and  inti'stinc\  or  Ihrouirh  the 
intion  of  the  lyraph<"hnnnt*Is.  Both  of  tht*se  niodea  OL-cnr  in  the 
rption  of  digestive  iiroduct^*. 

1,  Venous  Absorptto?*, — The  first  of  these  modes  of  ahsorption  is 

qiiently  termed  venous  absor[it)on,  as  the  entrance  of  snbstnnees  into 

l»lood  .in  all   probal*ility  occurs  throu|<h  the   walls  of  the   minnte 

nous  nulleals,  where  there  is  not  a  snnieiently  bi^h  pressure  to  inter- 

witli  the  passage  of  fluids  from  without  to  within  the  vessels  under 

ordinary  physical   Laws  of  filtration    imd   osmosis.     In    tact»  in  the 

*^y  arnint^ement  of  the  capillary  blood-vessels  in  the  intestine  we  find 

Wlf!  conditions  at  one  time  advantageous  to  the  passage  of  fluid  from 

^Hhfn  t<»  without  the  blood-vesseU,  and  agairj  directly  the  reverse  bold- 

•**^.     Thus,  after  undergoing  subdivision  into  the  minute  arteiioles,  we 

•«'*cl  the  first  capillary  loops,  where,  consec|nently,  the  pressure  is  highest, 

^istritnited  around  the  deep  ends   of   the  intestinal  tulades :   the  eon- 

^Hions  are  there  most  favorable  for  tljc  transudation  of  fluid  from  the 

^•iterior  of  the  vessels  and  the   eonsequent   ffu-raation  of  the  intestinal 

•^retion.     The  e!i|>illary  lr>ops,  aftt-r  leaving  the  deeper  portions  of  the 

'nt^tinal  mucous  memliranc,  wben  the  blofKl  hns  been  ilejirived  of  water, 

^iien  pass  to  tlie  most  superficial  layers^  and  t!ie  conditions  are  then  most 

*«tornble  to  absorption.     The  Iflood  is  more  concentrated,  from  the  loss 

^f  crater  in  secretion;  it,  therefore,  from  the  atlinity  of  the  albumen  of 

^he  l>lood  for  water,  favors  the  absorption  of  large  quantities  of  water, 

^bich  nrmy.  of  course,  hold    nutritive   mfitters    in    suspension.      More 

^Iran  this,  the  blood-current  is  now  becoming  more  accelerated,  and  the 

•titemal  pressure  on  the  w^jdls  of  the  vessels  reduced,  both   of  which 

^nditions  are  favorable  to  absorption » 

(4&3) 
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The  substances  whicb  enter  the  blood  by  venous  absorption 
probably  nil  tliose  wbieh  are  soh»ble  in  water,  aiicb  as  salts,  sugar,  soip^ 
and  peptone  J  :is  we  know  that  all  of  these  will  more  or  Ic^s  readily  difiViit 
through  organic  membranes  outside  of  the  bt>d y.  The  process  of  osmotti 
is  generally  accepted  as  explaining  the  modi*  of  entnmce  of  soluble  sub- 
stances into  the  blood,  but  many  data  are  still  required  Ijefore  this  vi«w 
can  be  acknowledged  as  conelusiyely  estabiisbed.  In  the  case  of  g^lp^ 
sugar  the  author  lias  found  that  the  osmotic  equivalent  of  au^ir  aI> 
t^orljcd  from  the  stomach  of  the  frog  very  closely  corresponds  witlj  tlie 
equivalent  of  dirfusion  in  ordinary  physical  experiments,  and  some- 
what similar  observations  liave  been  made  for  Tarious  sjdls  and  for 
peptone*  There  is  still,  however,  a  great  dead  of  obscurity  in  the  mato. 
We  have  seen  that  by  the  time  the  blood  has  left  the  secreting  surfftow 
of  the  alimcntarj^  tul»e  and  reached  the  absorbing  surfaces  it  has  M* 
good  (leal  of  its  water.  Now,  If  we  assume  that  the  4ilisorptioii  (of 
sugar,  for  instance)  is  governed  by  purely  physical  laws,  we  must  iwlmit 
that  fur  every  gramme  of  sugar  that  is  absorbed  Jieven  and  on(?-teQli> 
grammes  of  water  (the  osmotic  equivalent  of  sugar)  will  leave  the  blooJ 
to  enter  the  intestine.  The  blood  will,  therefore,  become  proir rc?^ rely 
concentrated  and  the  intestinal  tube  lilled  with  lluid  ;  consequeiuh % rvej 
substance  which  has  a  high  onmotie  equivalent  will  b©  npt  to 
cathartic;  and  it  luii^,  indeed,  been  found  that  the  higher  the  0§i 
equivalent  of  the  purgative  salts,  the  more  marked  is  their  c«tl 
action,  though  the  relation  of  cause  and  effect  between  titese  &cti 
been  denied  (Hay), 

Consequently,  though  it  is  probable  that  osmosis  is  ]ftrgt?Jy  (^ 
cemed  in  the  absorption  of  substances  which  are  soluble  In  wnkT,tfc» 
process  is  not  a  pure  one,  such  as  might  occur  between  simiinr  M* 
separated  by  a  nuvnilirane  outside  of  the  body.  In  the  livintr  Animil  tli» 
phenomena  of  fSUration  ma^'  greatly  aid  venous  absorption.  An  webu" 
seen,  the  contents  of  the  venous  radicals  are  subjected  to  bnt  hm  i'T'* 
sure,  and  it  is  qnite  conceivable  tliat  the  pressure  exerte<l  tbmttfb  it* 
con t rac t i o n s  by  the  intestine  on  its  v on t en ts  may  n  id  t h e  j mssn!,^  "' 
fluids  from  the  exterior  to  the  interior  of  the  veins.  Here  als«  wp  w< 
unable  to  conceive  of  an  uncomplicated  prtK^ess  of  filtration,  for  ft  p^**^ 
sure  suHlciently  great  to  force  fluids  thron«:h  the  walls  of  n  bitxxi  v^^'' 
would  undoubtedly  so  compress  that  vessel  as  to  obliterate  itslmnHJ 

From  the  abnve  it  follows  that  although  the  physical  pnxevsti^ 
osmosis  and  filtration  underlie  the  absorption  of  salts,  suijar,  and  pe^rti^W 
from  the  alimentary  traet,  nt  itluT  process  is  entirely  analogous  to  9imil*J 
operations  outside  of  the  body,  it  being  probable  that  the  excess  of  ?«•' 
sure  on  the  intestinal  contents  keeps  down  tlie  f»smotic  equivn' 
agaiii  aids  in  the  resorption  of  the  transnded  water;  while,  fuii 
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,  properties  of  the  epitbelial  eelJs  are  in  Bome  way  concerned  in  tlie 

sorption  not  only  of  fat,  but  of  sn^ar,  peptone,  and  salts.     Lannois 

()imd  that  b}'  the  injection  of  alcohol  into  exposed  loopii  of  intestine  the 

ipithelial  cells  were  destroyed,  and  the  absorption  of  oil,  sngar,  f>eptone, 

mineral  salts  was  delayed.     The  tefide»Rn   of  opinion  of  late  has 

mm  favor  of  the  epithelial  cell  as  an  active  faetur  in  absorption,  as 

\  is  in  secretion. 

M.  Lenbuseher  has  made  sorae  experimentH  which  seem  to  confirm 
Ms  view.  He  found  in  isolated  loops  of  intestine  that  the  absorption  of 
)to  50  per  cent,  solutions  of  salt  took  place  just  as  rapidly  as  that  of 


Pro.  KJT-— Section  of  Is-testtse  of  Doo  anowiNO  titk  Vn^i.i.    {Cadiat) 

Tkl»l»gd<^«««eTi,  <r,  and  tti*  l»0fc«Alt,  d.  h»r«  b«e9  li^*et«d,    Tli«  blind  endlnff,  of  ilmfite  1.wp  of  th«  blMk 
tftelBAl.  U  MMB  tu  be  «arn>attdl«d  bjr  Cb*  Mt>^lltJ-y  D«t>work  of  tha  blofid-ruMlt. 

']>« re  Water ^ — a  phenomenon  which  wonld  not  take  place  if  tlu*  law  of 
ilifriisiojj  were  the  sole  factor  in  tlie  process.  The  salts  of  sodium  were 
absorbed  nif>re  rapidly  than  the  salts  of  potassium,  find  absorption  was 
Qotliftstened  by  the  presence  of  bile — contrary  to  the  general  belief. 

Gumelewski  made  a  somewhat  similar  series  of  exfieriments,  and 
*arhcd  much  the  same  conchision.  Strong  solutions  of  sulphate  of 
>[lium  increase  the  rapidity  of  ahsorptic^n. 

Oofmeister,  e8j>ecially,  lias  identified  himself  with  the  theory  that 
lie  absorption  of  pe]>tone  i^^  not  a  purely  mechanical  process  of  diffusion 
'  filtration,  but  that  it  represents  a  function  of  certain  living  cells  or 
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leucocytes,  wliicU  in  the  Jissiniilrifcion  of  silbiiminoids  fill  n  r6le  i 
to  thafc  of  the  red  blood-corpuscles  in  respimtion.  He  assumes  tlm 
reason  vvliy  peptone  cannot  be  recognized  in  the  Mood  is  l)eemise  it  bftsj 
combined  with  these  lyraphatie  cells,  and  is.  through  their  mediatioaJ 
trfinsportcil  to  difTerent  parts  of  the  body  ;  and  he  recrnrdB  the  rapid  pro*! 
liremtioti  ol'  the  cells  of  tiie  adenoid  tinsne  of  the  inlefttinul  mucous  ujein-^ 
brane  and  of  the  Peyer^s  patches  as  a  morphological  expreftftion  of  tiic 
chemical  processes  of  assimilation  occurring  in  these  tissues, 

Tlins^  it  seems  that  the  process  of  absorption  i*  as  iDueh  a  viUil  one 
as  that  of  secretion^  and  that  the  epithelial  or  lymf»hatic  cell  mil  oiilv 
aids  the  taking  of  fat  into  the  Idood,  but  also  that  of  peptone  (etiandogit 
to  albumen),  and  of  sugar  and  srdts, 

2.  ADBOHrTroN  by  tiik  IjYMPtiATirs. — Absorption  by  the  ly mplwtlcs i* 
ftceomplisljcd  through  the  instrumentality  of  the  villi  of  the  small  tfitc^  , 

tine.      Each  villus  contains  in  its  ftxi«  tl«i* 
commencement  of  a   chyle-vesst-i,  which  is  | 
surrounded  hy  a  fine  capillary  net-work (Fi£» 
1 GT).    The  chief  purpose  of  this  vtUout  tot- 
mntion  is  evidently  to  obtain  an  iiierwi«»of1 
surface    for    absorption    with    economy  of  I 
space ;    but   each   viUus    has,    f\irtbor«  «on*  | 
8|>eeiul  mechanism  whitdr  mis  the  ateoq^tion 
of  the  intestinal  contents,  as  is   pruiinl  bv 
the    entrance     into     the     chyle-vessel*   o^ 
glfdnvies  of  oil  after  having  un<^  r     ^      mul- 
sification  by  the  bile  and  panet,  v. 

The  fat-glohulcB  ttmt   enter  the  proto 
plasm ic  ca|)s   of    the   ei>ithennl   cells,  tnrsa 
these  j»ass  into  the  tissue  of  the  vllUis,  »iiJ 
thence  into  the  central  chyle-duet  (Fig:,  h^'^t- 
After  an  abundant  fatty  diet,  this  absorption  of  fat  way  lie  so  active n 
to  complete I3"  fill  the  net-work  of  lymphatics   of  the   mesenlerr  with 
milk-white^  emulsified  oil,  and  even  sometimes  give  the  blood 
milky-white  color  (Fig,  1G9).     It  further  apptiars  that  the  f^t 
absorbed  in  a  state  of  emulsion  by  these   chyle- vessels   is  greatly  «  1 
excess  of  the  saponified  fatty    acids   which  may  l>e   absorWd   hy  tht  | 
veins  j  for,  after  a  fat  diet,  ncarl\^  two-thirds  of  the  amount  of  fnt  jrii^ 
AS  food  may  be  recovered  from  the  thoracic  duct. 

As  regards  the  mechanism  of  fat  absorption,  the  most  proU'ir.ie^  ^" 
attributes  the  entrance  of  tlie  oil-globtdes  into  the  epithelial  cells  of  t^ 
villus  to  a  true,  protoplasmic,  selective  power  exerted  by  the  contcDt* 
of  these  cells,  and  eutirel3^  annlogon®  to  the  mechanism  of  feeding  pot*  1 
sessed  bj  the  amojba  ami  other  infusoria. 


Fio,    108* "Diagram    of    tub 
Rki.attov     ov    ttik     Epi- 

TnKI.rUM  TO  THE  LaCTKAL 
llADlrAL  IX  A  V  ILL  Its, 
AFTEa  F*UNKK. 

Thii  protoplaamia  onlthdliiiJ  {«Ui  Are 
rapfioMd  Co  bft  ormuAolM  to  tliu  i4ti«>ir1t«Qt 
▼Anal  bj  Mttaoid  tl«n«. 


ABSORPTION. 

Microscopic  exam ia;it ion  of  the  intestinal  epithelium  after  a  fnU 
meal  which  is  rich  in  fjittj  elements  of  food  will  reveal  the  fact  that  the 
efiiihelimii  of  the  villi   is  crowded  with  minute  oil-globules.      These 


t.iffttmemeKtM.tt 

globules  may  be  found  in  tlie  substance  of  the  epithelial  cell  itself  and 
inita  free,  protoplasmic  cap  (Fip.  170), 

When  once  the  absorbed  fat  has  reached  the  central  chjle-reasel  of 
the  villus,  its  onward  progression  through  the  lymphatics  admits  of 
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rendy  explanation.  Each  villus  uihIct  the  epithelial  coat  is  suppW 
with  a  layer  of  pale  muscular  fibres,  and  when  these  contract,  the  central 
chyle-vessel  being  full,  the  effect  must  be  to  press  out  the  contents  of 
the  central  vessel  in  the  direction  of  the  thoracic  duct,  at  the  same  time 
emptying  the  capillury  vessels  by  pressure.  When,  now,  the  muacalir 
fibres  relax,  the  capillaries  will  again  become  filled,  and  by  the  ta^ditr 
of  the  net-work  of  blood-vessels  cause  the  central  vessel  to  become 
expanded,  and  so  exert  a  certain  amount  of  suction  in  the  interior  of 
the  villus  since  the  valves  tii  the  lymphatics  will  prevent  reg^urdtatlon 

[  l:T  J'  'P^»  . 


Fia  170.— liEcmojr  of  aw  IWTESTijt al  Vn*Lrs  or  a  Horak.    [Etl^nh^^A 

A,  tlritliAllani ;  B,  «4eQutil  lima* ;  C,  vtrnmnrnmnt  of  ImMMt. 

from  the  mesenteric  vcsscIb.     Each  villus  mny  therefore  be  regarded  us  tl 
miuute  lymphatic  hearty  which  fills  itself  from  the  interior  of  tbeTiHw 
in  dilatino;,  and  in  contracting  forces  its  contents  into  the  circulatian, 

In  addition  to  the  absorption  of  fat,  it  is  evident  that  olb^r  la^ 
stances  contained  in  the  intestinal  contents  will  also  mechnnicjinf  I* 
drawn  into  the  villus  with  the?  oil-globules.  Thus,  unchanged  albnwu 
may  be  absorbed  in  this  mauner  and  has  been  found  in  the  content-  *'^ 
the  chyle- vessels. 
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SECTION   IV. 
Chyle. 

Ths  ch^ie  is  the  cliymt^  which  hu.^  been  absorbed  by  the  intestinal 
▼illi  unci  the  thoracic  duct  throiigli  the  mesenteric  lymphatics.  In  the 
l^ccptaeuhim  ehyli  it  is  mixed  with  the  lymph  coining  from  the  lower 
3Xti'emities, 

It  may  be  obtained  pure  in  the  ox  fVom  the  large  trunk  which 
Accompanies  the  anterior  mesenteric  artery  (Fig,  171). 


Fig,  171  — CoLLKCTifipf  nr  Chyle  is  tmjii  ujw.    (Colin.} 

tfa  is  lb*  right  Hwk  or  «q  ftuim&l  in  ac«Iv«  dl^MtiMi*  «nd  on«  of  the  tthyls-vuMti 

, , I  iMMBtory  A^rtfr^  It  liKateil.    Wlitm  ll  hteitmtt  4\amta6»i  »  «kliir  uamaulK  inmit- 

Wtilllf  !■  *  nMm  l»te  tUMy  b»  rumdUr  InnrUd. 

It  is  a  milky-white,  or  occasionally  reddish,  opaque  lii|nid,  of  alka- 

reaction,  saltish  taste,  and  a  specific  gravity  which  varies  liclwccn 

and  1022, 

In  a  fastins:^  animal  the  chyle  found  in  the  thoracic  duct  and  mesen- 
lymphatics  is  pale  ami  transparent,  or  perhaps  somewhat  reddish 
I  tint,  Dnrini^  the  absorption  of  a  meal  containing  fiit,  we  have  seen 
t^t  it  becomes  milky  in  apjiea ranee  even  in  the  very  Iwginnings  of  tlic 
^■iphatiG  radicals  in  the  villi. 

H   In  the  adult  herbivora,  whose  diet  is^  as  a  rule,  comparatively  poor 
Bfiitty  matters^  the  chyle  is  scarcely  opalescent,  or  may  be  jierfectly 
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trauspfirent,  and  of  yelWwish  or  reddish  tint.     In  suckling  herbi^oitt 
as  in  the  earnivom,  it  is  milky* 

In  its  passage  from  tlie  intestine  to  the  thoracic  duct  it  undergfl^ 
important  ebanges  in  eompoBitton.  At  first  it  contains  albumen  iiiit>l(^ 
tioij,  oil-globules  in  suspension »  ^^^  i^  "ot  siiontaueousiy  crmjjiibilile. 
A  Her  it  passes  tijrongli  tiie  luesenterie  lymphatic  glands  lymp]KO^ 
piifseles  are  added,  and  it  acquires  the  |>roperty  of  undergoing  fibrinoid 
eoagalation.  It  becomes  poorer  in  albumen  and  fats  in  its  oiiwflH 
progress,  and  richer  in  corpuscles  and  fibrin. 

When  taken  from  the  thonicic  duct  after  a  full  meal  of  fat  it  in* 
white,  niilkydooking  fluid,  which  undergoes  Bpoutancous  coagulntioiitin 
exposure  to  the  air.  The  nature  of  the  coagulation  of  the  chyle  hid^J- 
tical  with  that  of  the  bloody  to  be  subsequently  studied,  ami  is  dmlo 
the  addition  in  the  mesenteric  ghinds  of  immature  biuodH:or|>u^iw aod 
fibrin  factors. 

Examined  under  the  mleroseoi>e/the  coagulaleil  chyle  obtnind  fmfli 
the  thoracic  duct  contains  fibrin,  a  large  nnmlicr  of  whitt*  IjkMjfl- "' 
l3*inph<*orpuseIes,  a  few  immature  red  blood-cells,  oii-globides  iudo^l  in 
albuminotis  envelopes,  and  fatty  granules. 

Tije  composition  of  chyle  ditfcrs  in  diiTerent  aniitiab  and  at  dif- 
ferent periods  in  the  same  animal,  dependent  on  the  rapidtt}^  nnd  ustitra 
of  absorption  taking  place  from  the  intestinal  surface.  In  tht^  <?io''* 
obtained  from  horses  ftjd  with  hny  tlu;  fat  scarcely  ejtcee<ls  tii  nirjoiiwl 
that  fomnl  in  the  blood,  at  most  not  more  than  1  per  cent,  wliileitnw}' 
rise  to  3 JO  per  cent,  in  horses  fed  with  oats.  It  is  made  nijuf  forro*'' 
clemeutji  (lymph-coriiuseley  added  as  the  chyle  passes  tbroi^fJ*  ^ 
mesenteric  lyniphatici^)  HUs[»cnded  in  a  (luid  medium  (serum). 

The  scrum  contains  the  following  bodies  in  solution  in  wtiter:— 

1,  Glolmlin,  alkali  allmmniate,  stTuin-albunicu,  and  [ieptoM.*  ^ 
small  amount,  risinji  during  digestion  to  *XG-OJ  per  cent, 

2,  C holes terin,  lecithin,  and  fatt^^  soaps, 

3,  DextrfT^e,  varying  from  a  mere  trace  to  2  per  cent.,  de pending <>" 
the  amount  of  carliohyd rates  in  tlie  food. 

4,  Urea  derived  from  the  lymph,  and  alkaline  lactates,  especitUj* 
the  lierblvora,  and  after  starchy  food. 

.^).  Inorganic  salts  of  the  alkalies  and  alkaline  earths,  iron,  ^^ 
phoric  acid,  etc,  (Charles), 

As  a  result  of  sixteen  analyses  of  the  chyle  of  the  horse,  G^ircf- 
Desanez  gives  the  following  figures  :^ — 

Wnter 8TL0    to  fla7„9    In  lOOO  parts. 

Albumen 10.32  *'    mm 

Fat,, traces  "    36,01 

The  chyle   possesses  the  power  of  converting   starch  into  sa?^* 


CHYLE. 
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)ly  due  to  the  absorption  of  the  amyloly  tic  ferment  of  the  pancreas 
he  intestinal  canal. 

Chyle  of  Man  (Rets). 
Water. 90.48  per  cent. 


SolidSp 


Fibrin, 

Albumen,    . 

Fats,  lecithin,  cliolesterin, 

Extractives, 

Salts,  .... 


etc. 


Water, 
Solids, 


Chyle  of  Dog  (HoppeSeylcr), 


Fibrin 

Albumen, 

Fats,  lecithin,  cholesterin,  etc.. 

Fatty  acid  and  soaps, 

Salto, 


Serum, 
Clot,    . 

Water, 
Solids, 


Chyle  of  Horse  (C.  Schmidt) 


Fats,    . 

Soaps, 

Fibrin, 

Albumen,  sugar,  and  extractives, 

Hsmatin,    . 

Sodium  chloride. 

Sodium, 

Potassium,  . 

Phosphates  and  sulphates. 


9.52 


trace 
7.08 
0.92 
1.0 
0.44 


90.67 
9.02 


0.11 
2.10 
6.48 
0.23 
0.79 


96.74 
3.25 


88.7 
11.2 


0.15 
0.03 
3.89 
6.59 
0.20 
0.23 
0.13 
0.07 
0.11 


le  following  table  gives  the  composition  of  the  chyle  from  the 
Ic  duct  in  the  ruminant  under  different  conditions  (Wiirtz)  : — 


Ox. 

Cow. 

Cow. 

Before 

After 

Fed  with 

Fe<l  with 

Rumina- 

Rumina- 

Hav and 

Straw  and 

tion. 

tion. 

Ktraw. 

Clover. 

950.89 

929.71 

951.24 

962.21 

1.76 

1.96 

2.82 

0.93 

oids, 

39.74 

69.64 

38.84 

26.48 

0.81 

2.55 

0.72 

0:49 

luble 

in  alcohol).  . 

2.47 

2.50 

2.77 

1.92 

uble 

in  water),    . 

4.33 

3.61 

3.59 

7.97 

ire  chyle  from  the  mesenteric  vessels  of  the  ox  before  mixture 
e  lymph  has  a  specific  gravity  of  1013  and  contains  in  100  parts 
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0,0019  parts  of  ilry  iibrin.  The  serum  cootaina  4,t5  per  cent,  eoll^ 
(albumen^  fats,  salts^  etc,)t  ^n^-l  95,21  [jer  cent,  of  water. 

The  amount  of  chjle  is  proportional  to  tfie  activity  of  digestion, 
after  a  hearty  meal  the  mesenteric  vessels  and  thoracic  duct  Utttig  dis- 
tended with  a  milky  emulsion,  while  during  fasting  thej  are  ('tiik[j«d 
and  are  only  seen  with  difficulty. 

The  movement  of  the  chyle  is  dependc^nt  upon  a  number  of  esiim. 
Ill  the  first  place,  as  mentioned  in  the  description  of  the  mechatuKmsof 
tthaorption  of  fat,  the  villi  may  be  regarded  as  lymphatic  hearts^  tiJ«  con- 
traction of  their  muBcuUir  fibres  leading  to  an  onward  movement  of  the 
contents  of  the  mesenteric  laoteala^  backward  flow  being  prevt?nt4^  bf 
the  valves  of  these  vessels, 

The  respiratory  movements  are  al^iso  of  inUuefice  in  producing  li 
onward  flow  of  the  contents  of  the  thoracic  duct*  With  each  mi  of  n- 
piration,  as  may  be  readily  determined  by  makinj^a  flstuhi  of  thetliorwi* 
duct  where  it  empties  into  the  veins  at  the  root  of  the  neck,  thttre  Ssaa 
uceeierntion  in  the  flow  of  chyle,  evidently  from  compression  of  the  dnctt 
wfule  in  inspiration  this  flow  is  retarded  or  may  be  even  An^st«<l»  Ifi* 
spi ration,  therefore,  by  the  production  of  negative  pressure,  favo«  tb« 
flow  of  chyle  fVom  the  lacteals  into  the  thoracic  duct. 

Contraction  of  the  abdominal  muscles,  and  even  intestinal  prisUil«iJ, 
will  fiirther  aid  the  forward  movement  of  the  chyle*  So,  als^ti,  it  lia* 
lieen  noticed  that  there  is  a  slight  increase  in  the  rapidity  of  tlif  rtj* 
of  chyle  coincident  with  each  systole  of  the  heart  While  thisfadori* 
comparatively  insignificant,  it  acts  liy  tlie  compression  of  the  lliontk 
duct  where  it  passes  under  the  areh  of  the  aorta. 

Finally,  in  addition  to  these  influences  and  to  the  ms  a  ter(phm 
continuous  absorption  by  the  villi  and  tlie  propulsion  due  to  their cootn** 
tion,  the  most  important  factors,  there  is  also  a  uis  afronte  concerned  it 
the  circulation  of  the  chyle.  For,  as  Draper  has  pointed  out,  where tiie 
thoracic  dnct  empties  iuto  the  veins,  a  snetion  force  is  exerted  onllif 
contents  of  the  laeteals  by  tlie  passing  current  of  tlie  venous  blowKiip^' 
the  well-known  hydratiiic  principle  of  Venturi :  "If  into  a  tube,  ihm^ 
which  a  current  of  water  is  steadily  flowing,  another  tube  oj^ens^  its  more 
distant  end  being  in  communication  with  a  reservoir  of  water,  thronf^ 
this  tube  a  current  will  likewise  be  established,  and  the  reservoir  wiil  i* 
emptied  of  its  contents." 


SECTION  V. 
Lymph. 

As  THE  blood  circulates  through  the  capillaries,  it  is  continually 
kiing  a  portion  of  its  fluid  constituents  through  transudation,  carrying 
with  the  water  of  the  blood  various  salts,  gases,  and  organic  matters 
in  solution.  This  fluid,  which  is  termed  the  lymph,  bathes  all  the  ulti- 
mate tissue  elements  and  supplies  them  directly  with  materials  necessary 
for  their  nutrition,  at  the  same  time  removing  the  soluble  effete  matters 
which  result  from  cellular  activity.  Tiiis  fluid,  thus  resulting  from  trans- 
ndttion  from  the  blood-vessels,  not  onl}'  Alls  all  the  intercellular  chinks 
of  the  different  tissues,  but  also  finds  its  way  from  the  extra-vascular 
ipices  and  large  l3'mph-spaces  (as  the  lacunae  of  the  connective  tissue 
and  great  serous  sacs)  through  the  minute  radicals  of  the  lymphatic 
wsels  to  the  lymphatic  glands,  and  from  there  through  the  large  lym- 
phatic trunks  again  enters  the  blood-vessels  (veins  in  the  neighbor- 
hood of  the  heart). 

From  its  origin  it  is  evident  that  the  lymph  must  have  a  compo- 
sition closely  similar  to  that  of  the  liquor  sanguinis  ;  but  since  different 
organs  take  from  the  lymph  different  substances  needed  by  their  nutri- 
tive demands,  and  yield  effete  matters  of  varying  composition,  its  com- 
position must  vary  according  to  the  region  from  whicli  it  is  taken  and 
the  stage  of  activity  of  the  organs  contributing  to  it.  This  contrast  of 
lymph,  drawn  from  different  localities,  is  most  marked  in  the  lymph 
taken  from  the  13'mphatics  of  the  mesentery  during  the  period  of  diges- 
tion when  compared  with  that  drawn  from  other  localities.  Lymph 
irawn  from  the  so-called  lacteals  during  the  digestion  of  fat  is  termed 
%fe,  and  is  of  a  milky  appearance  from  the  large  quantities  of  minute 
at^lobules  which  it  holds  in  suspension.  The  characters  of  the  chyle 
wive  been  already  considered. 

Lymph  may  be  obtained  by  inserting  a  cannula  into  the  thoracic  duct  of  an 
flssthetized  animal  where  it  empties  into  the  junction  of  the  large  veins  at  the 
ootof  the  neck  ;  or  in  large  animals,  such  as  the  horse  and  ox,  it  maybe  collected 
y  a  similar  process  from  the  lymphatics  which  accompany  the  carotid  artery. 

The  amount  of  lymph  which  may  be  obtained  by  such  a  process  varies 
nder  different  circumstances.  It  is  increased  by  active  or  passive  move- 
lents,  by  venous  obstructions,  and  by  poisoning  with  curare.  It  is 
iminished  by  decrease  in  blood  pressure. 
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When  freshly  druwii  Urjiu  tbe  tiiorucio  duet  of  fasting  animais, 
lymph  is  a  traiispuruiit,  sliglitl^'  yellowish  fluid ;  when  collected  duiing 
digestion,  it  is  milky  from  the  fiit  m  au^yenskm  derived  from  the  chjie. 
Wbeii  exiiniined  under  the  mierusropo,  lymph  is  seen  to  contain  color- 
less corpuscles,  ideDtieal  with  tiic  colorless  blood-corpuscles,  floating  in 
a  clear  lympli-plasiua :  these  corpuscles  are  much  fewer  in  iiumWr  in 
I3  oijOi  dritwii  from  tlie  lymphatic  radicals^  wliile  tliey*  are  comimralivd)^ 
abuudiuit  in  tJie  lymi»h  iis  it  issues  from  the  lyuiphiitic  glands.  AHliouffli 
the  lymphatic  glauds  are  tlie  principal  miuiufacturers  of  the  lymplKor- 
puscles,  they  are  not  their  sole  source.  The  lym]di-ceUs  also  urigitiKta 
wherever  adenoid  tissue  is  found,  as  in  the  mucous  membrane  ul' lb* 
stomach  and  itUestines,  in  the  thymus,  tonsils,  and  spleen. 

The  l^^mph  of  animals  in  active  ditjestion  is  milky  from  admiituw 
with  tiic  fatty  cliyle:  such  lymph  is  said  to  iiave  a  7nolccuiar  bamti'om 
the  finely  divided  fid-o:hdudes  wiiich  it  holds  in  suspension.  Thcai'|ifir- 
tit'Les  often  exhibit  Brown ian  movements. 

The  amount  of  lymph  can  only  be  approximatel}^  estimated.  Itbti 
been  reckoned  thiit  fov  every  two  hundred  and  twenty  pounds  of  My 
weight  there  is  eoutiuned  in  the  body  about  thirteen  and  a  half  pouDcIj 
of  lymph  and  chyle — seven  and  a  half  pounds  being  chyle  aud  »ix 
pounds  lympli.  As  much  as  six  kilos  of  lym[ih  have  lieen  coUeetcil  in 
two  hours  from  the  lymphatic  trunk  in  the  neck  of  the  hnrse»  while i^ 
twenty-four  hours  uiuety-flve  kilos  of  lymph  and  chyle  have  bctsn  eol- 
leeted  from  the  thoracic  duct  of  the  ox.  The  anionnt  of  these  two  fluids 
(lynii>h  and  chyle)  will  evidently  increase  tluring  digestion.  Active afl'l 
passive  movements  and  increased  blood  pressure,  as  well  as  obstruction 
of  the  vein?*,  by  facilitntinn^  transudation  from  the  blood-ve8«eb,  wilJ 
increase  the  amount  of  lynijih. 

Lymph  is  a  viscid  fluids  slightly  less  alkaline  than  blood,  having 
a  specific  Lrravity  that  varies  from  1022  to  1037,  or  occasionally  aisbtgi" 
as  1045.  When  rejuoved  from  the  lH>dy  it  coagulates  in  from  thtto 
twenty  minutes,  the  |vrocess  lanug  analogous  to  the  coagulation  of  hl^**'*^ 
plasma,  though  much  slower,  jjcrhfips  on  account  of  its  high  alkalinity 
The  coagulation  of  lymph  may  be  acceleratetl  by  the  addition  to  it  of* 
few  drops  of  defihriuatcd  blood  by  the  addition  thus  accoiniilisbeiiof 
fibrin  factors  in  larger  amount.  A  soft,  trembling  jelly  is  first  foruK^^ 
which  gradually  contracts,  expressing  out  a  clear  lymph-serum,  in  v\^ 
floats  a  colorless  contracted  coaguluni,  composed  of  fibrin  which  is  rf**' 
tical  with  that  formed  in  blood  coagulation. 

From  1000  parts  of  the  lymph  of  a  foal,  Schmidt  determind  tW 
955.17  were  serum,  while  only^  44.83  were  coHgulum.     Af\er   '     ' 
lymph  usually  remains   perfectly  fluid   in  the  lymphatics,  and  ' 
coagulate  when  the  lymph-current  is  arrested  during  life. 


LYMPH. 

Lymph  is  very  variable  in  its  cliemical  composition. 
1  fnendly  stated  as  follows  : — 

Water, 

Solids,  .        . 

Albumen, . 

Fats 

Extractives, 

Ash,  .... 
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It  may  be 


93  to  98  per  cent.  (Charles). 
6-2 


8.2  ••    0.3     •• 

Q  J  Ito  0.15  per  cent. 

0.7  to  0.8 

Sodium  chloride  forms  about  0.6  per  cent.  The  proteids  consist  of 
fibrinogen,  serum-globulin,  and  serum-albumen.  Lymph  fields  only  0.4 
to  0.8  per  one  thousand  of  fibrin,  being  much  less,  therefore,  than  the 
amount  obtainable  from  blood. 

In  the  ash  of  lymph  sodium  chloride  is  very  abundant  and  phos- 
phates scanty :  the  lymph-cells,  however,  contain  an  excess  of  potassium 
and  phosphoric  acid,  as  compared  with  the  serum,  the  latter  having  an 
eicessof  sodium.  Urea  is  always  present  (0.019  per  cent,  in  the  cow), 
and  grape-sugar  (0.16  per  cent,  in  the  dog),  though  it  has  been  stated 
thtt  chyle  does  not  take  up  sugar  when  animals  have  been  fed  on  a 
•Urohy  or  saccharine  diet. 

The  lymph  contains  CO,,  N,  and  traces  of  O  when  pure  and  un- 
fluxed  with  blood.  The  amount  of  CO,  is  greater  than  in  arterial  but 
hwthan  in  venous  blood.  While  the  quantity  of  N  is  about  the  same  as 
in  the  blood,  the  amount  of  O  is  always  less  than  in  the  blood,  thus 
•iwwing  that  the  tissues  rapidly  appropriate  the  0  of  tlie  blood. 

The  following  table  gives  a  comparison  of  the  composition  of  the 
Ipnph  and  blood : — 


Lymph  (Wurz). 


Water 

Fibrin,    .... 
Albumen  and  extractives, 

Fats 

Salts 

Blood -corpuscles,  . 


Ox. 
938.97 
2.05 
50.90 
0.42 
7.46 


Cow. 

955.;^ 

2.20 

34.76 

0.24 

7.41 


Blood  (Nasne). 


Ox. 
799.59 

3.62 
06.901 

2.045 

7.041 
121.865 


Calf. 
826.44 

5.737 
56.414 

1.610 

8.241 
102.803 


HEsais  OF  THE  quantitati\t:  analysis  of  lymph  and  chyle. 

I.    Analysp:s  of  the  Lymph  of  Man. 


Constituents  in 
100  Parts. 

Gul)ler  and            ' 
Quevcniie. 

r  1  II. 

Marchand 

and 
Colberg. 

III. 

8cherer. 
IV. 

Dannlitirdt 

and 

Hensen-. 

V. 

1 

Odenius 
and 
Lang. 

VI. 

Water 

93.99 

93.18     1 

96.93 

95.76 

98.63     1 

94.36 

J^lid  matters.      .     .     . 

6.01 

(Mr!     . 

3.07 

4.24 

I        1.37 

5.64 

Fibrin 

0.05 

0.06 

0.52 

0.0-1 

0.11     1 

0.16 

Albumen 

4.27 

4.28  ; 

0.43 

3.47 

0.23 

2.12 

l^ 

0.38 

0.92 

0.26  \ 
0.31  / 

'        0.15     , 

j  2.48 
CO.16 

Mtractive  matters, 

0.57 

0.44     1 

Salte 

0.73 

0.82     i 

1.54 

0.73 

0.88 

0.72 
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mL.^<i£8    or  TffE  Lymph    Outatnko  fmou  the  Ltmfilitics  or 
Hons^  (C.  Schmidt), 


CO^BTITCSNTfi  £H  lOW  PABT& 


'*             ,           .           *           .           . 

nattera, 

LU.                        i                        *                        »                        p 

.i»aO.*         "                           ! 

^    7\ 

nbitied  with  Alkaliei, 

.  '?;:  :   :   : 

%\m  Mm  Ell    from   ilXlO   [larU  of  lymph  Scliiniilt 
found  . — 

.lid  fifctly  iundfl,   .         ,        ,        .         .        , 
;ijniic  inattisra,         *         ,         *         .         , 


tl.l7 

10 


III.      ANALYSE!   OF    ChTLE   OP   THE    IIOBSE,    DOO.    AND   HaS  (HofPE  SeTLE*^ 


Constituents  in 
1000  Parts. 


Water 

Solids,     .•   .     .     . 

Fibrin 

Albumen,    ,     .     . 
Fats,    cholesterin, 

lecithin 

Fatty  acids  in  the  form 

of  soaps 

Other  organic  matters, 

Hsematin, 

Mineral  salts,  .... 
Loss 


I. 

Chyle  of 

Horse. 


960.97 
.{9.03 


and  I 


NaCl.  .     , 

Na^O.  .     . 

K^O,  . 

SO,..  .     . 

p,o,.    . 

Ca,(PO,),. 
Mg,(PO,), 


LV)7 
22.60 

0.09 

0.76 
5.37 
0.05 
7.59 

5.76 
1.31 


0.07 
0.01 

0.14 

1.02 


\ "' '  \ 


11. 

Chyle  of 

Horse. 


956.19 

43.81 

1.27 

29.85 


0.53 

0.28 
2.24 
0.06 
7.49 

5.84 
1.17 
0.13 
0.05 
0.05 

0.25 

0.S2 


in. 

Blood- 
Serum. 


930.75 
69.25 

56.59 


.57  > 
.85  J 


1.57 
3 


7.14 

5.74 
0.87 
0.14 
0.11 
0.01 

0.26 

0.56 


IV. 

Chvle  of 

Dog. 


906.77 

96.23 

1.11 

21.05 

64.86 
2.34 
7.92 


V.     '    n^ 

Blood-    '  (Tivif  of 
Serum  of     yj^ 
Dog,  IV. 


936.01 
63.99 

45.24! 

6.81 

2.91 

8.76 
0.27 


10.8 
U 
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Schmidt  gives  the  following  analysis  of  the  lymph  of  a  cow : — 

Serum, 95.52 

Clot, JU2 

In  100  parts  In  100  parts 

Berum.  Clot. 

Water 95.76  90.73 

Fibrin 4.86 

Other  albumens, 3.20 

Fats 0.12  3.43 

Organic  matter, 0.17 

Salts 0.74  0.96 

Sodic  chloride, 0.56  0.60 

Soda, 0.13  0.06 

Potash 0.01  0.10 

Sulphuric    and  phosphoric  acids   and 

earthy  phosphates 0.04  0.23 

The  lymph  further  differs  in  composition  according  to  the  locality 
from  which  it  is  collected.  The  following  tuble  gives  the  composition 
of  the  lymph  of  the  horse  : — 


Lvmph 

Collected  from 

the  Femoral 

Vessels 

(Gmelin). 

I^ymi)h 
i  Collected  from 

the  Cervical 
i  Vessels  (I^uret 
,  and  I^ASsaigne). 

1          925.00 
1            75.00 

3.30 
57.36 

i            14.34 

Lymi»h 

Collecteu  from 

the  Vessels  of 

the  Foot 

((ieiger). 

983.70 
16.30 

Lymph  from 

the  N'essels  of 

the  Foot  of  an 

As8(Rees). 

Water, 

Solid*, 

964.30 
35.70 

965.36 
34.64 

Fibrin,     .'  .     ."."'." 
Albumen,      .... 

Fats, 

Extractives 

Inorganic  matters, 

1.90 
21.17 
traces 

10".(i3 

0.40 
6.20 
traces 
2.70 
7.00 

1.20 
12.00 
traces 
15.69 

5.85 

The  Circulation  of  the  Lymph. — The  lymph  is  continually  moving 
in  the  lymphatic  vessels  in  a  slow  stream  from  the  lymphatic  radicals  to 
the  larger  lymphatic  trunks,  and  thence  into  the  large  veins  in  the  neigh- 
t'orhood  of  the  heart,  motion  beiijg  due  to  the  ditt'erence  in  pressures  be- 
tween the  lymphatic  capillaries  and  the  entrance  of  the  lymph-trunks 
into  the  veins. 

Since  the  lymph  originates  as  a  transudation  from  the  blood-vessels 
in  the  interstitial  spaces,  the  pressure  to  which  it  is  subjected  will  be 
nearly  identical  to  the  pressure  in  the  blood-vessels  which  causes  its  pas- 
sage through  the  vascular  walls.  Each  volume  of  lymph  will,  therefore, 
be  forced  onward  by  the  amounts  which  succeed  it  under  a  pressure 
which  is  nearly  equal  to  the  blood  pressure.  On  the  other  hand,  the 
pressure  of  the  lymph  at  the  points  of  entrance  of  the  lymphatics  into 
the  veins  will  be  in  all  cases  slight,  and  sometimes  will  be  even  negative: 
for  during  inspiration  the  expanding  thorax  asj)i rates  the   blood  from 
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the  large  venous  trunkB  into  tlie  veins  of  the  thorax,  and  by  the  diln.t4i. 

tion  of  the  right  auricle  from  thence  into  the  heart.     As  the  hmfihat;i«?ii 
empty  into  the  veins  in  the  neighborhood  of  the  heart,  thij*  aspirat  ion 
»tU  also  be  exerted  on  the  lymphatics  and  will  tend  to  produce  a  u^u^. 
^  pressure.     The  lympli  will,  consequently,  l>e  lubjected  to  n  stead iK 
eaaing  pressure  from  the  periphery  to  tlie  central  vessels,  nnd  tpriH, 
fore,  move  from  the  lyun>hatie  mdiaUs  toward  the  venous  triink.«i. 
inward  motion  of  the  iym|>li  \^  tiUo  faciiitated  by  muscular  mot'e- 
,  which,  by  compreasing  the  1\  mphatics,  (brce  their  contents  oawnrcl, 
U"d  motion  being  prevented  by  numerous  valves, 
;  lympliatie  vessels,  also,  jiossess  the  power  of  rhythiuie  eontm*^- 
irough  the  eonirnrtioM  of  their  muscular  fibres,  nud  snmduop^ 
vmph-hearts  aitl  the  ]in>|iiilwiou  of  Hie  lymph. 
I  ceituiu  organs  special  mecl  iii     are  concerned  in  thi*  pnp|ml' 

the  lyniplu     Thus,  in  the  n\  \\  surface  of  the  eentnil  trmloi* 

iliaphragm  there  Mre  rrcecaJHTrn.    -jitioiis  between  the  |K^ril(jiH^  I 
md  the  lymphatics  of  the  d         f,  j:ni;  and  as  tlK?  eentral  tender  * 
ed    of  two  layers    of  llbrou^  tissue   arranged   in  diffcn*nt 
these  layers  are  altern  essed  tiigetlier  and  pulled  sipirf 

wbiJratory  movements  of  iragm.     The  eifccl  h  tit  [mm\' 

iuto  the  spaces  lietweeri  thesfe  *L.^.rs,  A  similar  mechanism i^si«t* 
costal  pleura  aud  lu  the  fnseia  covering  the  muscles,  "^Wknia- 
-jt'ie  contracts,  lymph  is  foiTcd  <iut  Troni  between  the  Inyera  ofthr 
fascia,  while,  when  it  relaxes,  tlie  lymph  from  the  muscle,  carrying  witli 
it  some  of  the  waste  products  of  muscular  action,  passes  out  of  the 
muscle  into  the  fascia,  between  the  now  partially  separated  layers''' 
(Landois).  While  the  lymph-glands  otter  considerable  resistance  to  the 
onward  passage  of  the  lyni])li,  this  is,  to  a  certain  extent,  compensated 
by  the  non-striped  muscular  fibres  which  exist  in  the  capsule  and 
trabecule  of  the  glands,  these  muscles,  together  with  those  of  tlie 
lymphatics  and  lymphatic  hearts,  when  present,  being  directly  under  the 
control  of  the  nervous  system. 

The  velocity  of  the  13'mph-current  increases  as  the  trunk  increasej*- 
in  size,  from  the  decrease  in  sectional  area.  In  the  large  lymphatic  ia 
the  neck  of  the  horse  it  has  been  placed  at  two  hundred  and  thirty  to 
three  hundred  millimeters  per  minute;  it  must,  therefore,  be  very  slow' 
in  the  small  vessels.  The  lateral  pressure  in  the  lymphatics  in  the  neck 
of  the  horse  has  been  estimated  at  from  ten  to  twenty  milUmeters  of  * 
weak  soda  solution  (Weiss). 
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SECTION    VL 


The  Blood. 

TiTE  blood  mny  Ite  reganltHl  as  the  main  orj2:flii  of  nutritioTi^since,  on 
he  one  ImmU  tl»e  assimilateil  food-stiurs  cmiUt  into  it  sit  the  point  of 
heir  absorption  to  Ik-  carried  to  the  points  where  they  may  he  needed 
jy  the  economy  ;  and,  on  tlie  otlier  hand,  the  resnlts  of  tissue  waste  are 
|iveiT  up  to  it  to  be  removed  from  the  economy. 

The  blood  may  be  regarded  as  a  eellnkr  tiwsne  with  a  Umd  inter- 
cellular snlistanee  in  perpetiuil  motion  within  a  system  of  branching 
Utiles.  The  blood  is  nut  a  homogeneous  golution,  l»ut  is  composed  of 
aa  immense  number  nX  niiunte-furtned  elemeTit-H,  the  blood-eorpuscles  or  J 
rellf?^  HUHjit-nded  in  a  eolorless,  ti7Uif>[)areiit  (Uiid,  tlie  blood-plasma.  Of^ 
th^  blood-cforpuseles,  the  so-c*alled  red  vxWs  are  greatly  in  excess,  and  it 
19  to  the  hremoulobin,  41  r  red  eolorlng-matter,  whieh  they  contain  that 
the  red  color  of  the  bb)od  is  due. 

The  red  hue  of  the  l»lood  drawn  from  a  living  animal  will  vary  ac- 
eoriling  to  the  loeabty  from  whieh  it  is  taken  ;  the  blood  taken  from  the 
Arteries,  the  left  side  of  the  heart*  or  tbe  i>ulniouic  veins  being^  of  a  bright, 
scai*l^t,,.e4  color,  while  that  drawn  from  tlie  veins,  tbe  right  8ide  of  the 
beai-t;^o|i  the  pnlmoiue  artery,  is  tlark,  brow^nish  red.  When  exposed  to 
^^^  Of  to  oxygen  ga:^,  the  chirk  venons  blood  becomes  arterial  in  hue, 
ami    thin  change  occurs  most  rapidly  when  the  blood  and  gas  are  shaken 

tup  totrctber. 
i        The  specific  gravity  of  defibrinaled  human  blood  varies  from  1045 
to  1  nr,2,  the  average  being  1055.  thougli  greater  variations  t!mn  the  above 
^ftn^iicr^t  inconsistent  with  health.     Again,  the  specimens  of  blood   first 
ttrawn  will  have  a  higher  specific  gravity  than  that  examined  after  con- 
iuiernhle  hemorrhage,  as  the  water  in  tbe  blood  will  have  then  increased 
Ifrotn  the  abstraction  of  dnid  fr*)m  the  tissnes.     Tbe  cells  are  s)»eeifically 
Lh^avier  than  the  plasma,  and  of  the  former  the  red  cells  are  heavier  than 
tbe 'White.     Thus,  if  blood  is  prevented  by  cold  from  coagulation — anri 
tins  in  liest  aceomi dished  with  horse's  blood — ^the  blood  will  seimrate 
into  three  distinct  strata,  the  lowest  being  composed  of  red  corpuscles, 
tbe  tuithlle  of   white    cells,  and  the   upper    layer  of  the   clear  blood- 
plastna.    The  corpuscles  have  a  density  of  1088-1105;   the  plasma,  of 
U>2T-1028. 

Tijc  reaction  of  the  lilood  is  always  distinctly  alkaline,  due  to  sodium 
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i        scidic  i>li08phat*.%  most  marked  when  the  blood  Is  frcshfj 
ecreasing  rapidly  in  intensity  until  coapilAtion  occurs, 
jd  li      II  i>ceuliar  odor  wbicli  varies  in  ilitlcrcnt  animal  simm 
.*ertaiii  animalis,  an  in  the  eat,  do<^,  sheep,  and  goal,  Is  elianu;- 
>f  the  Bpeci^s.     This  odor  is  due  to  tht*  pi-e^eiice  of  t'ertaiu  voia- 
lutty  iKidiew  contained  iu   the  hlood-plasmu,  luid  riiiiy  bt?  readJJj 
loptnl  by  treating  the  blood  with  sulplmrie  at'id. 
~*be  tempt'ratnrt-  of  the  blood  varies  iJi  dirferent  animals,  and  depfldft 
lie  oxidation  processes  conttniially  oecurnii<r  in  the  tissues,    Iu 
[I  the  domestie  tuariuuaEi^  the  t€!tijpen»tnre  vnries  frnrn  3*. 5^  to 
In  b      «  it  is  alwa^^s  higher  than  in  mam  main,  t\ud  may  riseti 
^8  44*03  •  ►f  health.     The  arterial  hloml  Ift^wa 

Turmer  than       loi  ^n\,  tis  the  conditions  for  radiation  nf  Imi 

Tavo  tl  ^  than  in  Lhe  foi-mer.    The  tempcr?ititreof' 

,  of  tru?  ,.         ic  Ki.^.  j^ortai  veins  is  wanner  than  other  vviwm 
Ki      t**  11  wf  the  right  ^ide  of  tlie  heart  is  wanner  tlmti  tbt 

jf  blood  varies  in  dilTei'ent  animals  and  in  the  sjiojp 
y  f^iiunai  at  ditterent  |)erio<lH  of  life*    Various  methotls  have  U^n 
ati  for  determining  itic  rinjcjuiU  (d*  Hoot]  cojdained  in  tlie  IwMhr 
od  wideh  is  now  generally  adapted  as  giving  the  mynt  ri'lifLl'Ee 
s  to  bleeti  an  animal  to  death  and  measure  the  araonnt  at  hloo'l 
ted.   The  hi  owl -vessels  are  then  wa^^ihed  out  with  dilute  sriline  wiIm- 
tion  until  the  fluid  which  issues  from  the  veins  comes  out  entirely  color- 
less, and    the    various    washings  are  collected    and   mixed.     A  known 
quantity  of  blood  is  then  diluted  with  saline  solution   until  it  acquire? 
the  same  tint  as  a  measured  quantit}'  of  the  washings  collected  from  the 
veins.     From  the  data  so  obtained  the  amount  of  coloring  matter  in  the 
washings  may  be  estimated.     The  entire  body  is  then  minced,  washed 
free  from  l)lood  with  saline  solution,  filtered,  and  the  amount  of  coloring 
matter  in  the  washings  estimated  as  before.     The  quantity  of  blood  in 
the  two   washings,  together  with   the  blood  first  drawn,  give  the  total 
amount  in  the  body. 

Estimated  in  this  way,  the  total  amount  of  blood  in  the  human  body 
has  been  fixed  at  ^'.^  of  the  body  weight ;  in  the  rabbit  at  y^  of  the  My 
weight;  dog,  ^\  of  the  l)ody  weight;  cat,  ^\  ;  frog,  y^  ;  mouse,  i^^;  the 
guinea-pig,  y'g  ;  bird,  y^-ya  ;  fishes,  iV-io-  ^<^  reliable  estimates 
exist  as  to  the  amount  of  blood  in  the  larger  domestic  animals.  Colin 
states  that  the  amount  of  blood  in  the  ox  amounts  only  to  ^^  of  the 
body  weight,  but  this  is  prol>ably  a  low  estimate.  In  animals  bled  to  death 
the  amount  of  blood  retained  in  the  body  depends  upon  the  amount  of 
adipose  tissue  :  the  fatter  the  animal,  the  more  blood  remains  in  the  body 
after  slaughtering.      In   thin  cattle  the  amount  of  blood  which  escapes 


BLOOD. 


471 


en  estimated  at  4.7  per  cent,  of  the  body  weight ;  in  fat  animals, 
per  cent.  In  the  horse  the  amount  of  blood  has  been  estimated  at 
the  body  weight. 

he  following  tables  represent  the  general  composition  of  the  blood 
irent  domestic  animals : — 

h  One  Hundred  Parts  Venous  Blood  (Hoppe-Seyler  and  Fudakowski). 

Horse.  Dog. 

Corpuscles, 32.62  38.34 

Plasma.  .     67.38  61.66 

One  Hundred  Farts  JPlasma. 

Solids, 9.16  7.87 

Water 90.84  92.13 

Fibrin 1.01  0.18 

Albumen, 7.76  6.10 

Fats, 0.12  0.21 

Extractives 0.40  0.89 

Soluble  salU 0.64  0.82 

Insoluble  salts, 0.17  0.17 

One  Hundred  Parts  Corpuscles. 

•Water, 56.50  .    .    . 

Solids 43.50  .    .    . 

In  One  Hundred  Parts  Defibrinated  Venous  Blood  of  Ox  (Bunge), 

Corpuscles.  Serum. 

31.87  68.13 


Water 19.12 

Solids. 12.75 


Albumen, 

Hemoglobin, 

Other  organic  matters, 

Inorganic  matters. 

Potassium,     . 

Sodium, 

Lime, 

Magnesium,   . 

Iron  oxide,     . 

Chlorine, 

Phosphoric  acid,   . 


Water,    . 

Fibrin,    . 

Fat, 

Corpuscles,    . 

Albumen. 

Alkaline  phosphates, 
•*         sulphates, 
"         carbonates. 

Sodium  chloride,  . 

Iron  oxide,     . 

Calcium. 

Phosphoric  acid.    . 

Sulphuric  acid, 


3.42 

8.94 

0.24 

0.15 

0.0238 

0.0667 


0.0005 


0.0521 
0.0224 

Ox. 

799.59 
3.62 
2.04 

121.86 
66.90 
0.468 
1.181 
1.071 
4.321 
0.731 
0.098 
0.123 
0.018 


62.22 
5.91 
4.99 

6.38 

0.54 

0.017i 

0.2964 

0.0070 

0.0031 

0.0007 

0.2532 

0.0181 

Calf. 

826.71 
5.76 
1.61 

102.50 
56.41 
0.957 
0.269 
1.263 
4.864 
0.631 
0.130 
0.109 
0.018 


The  Red  Blood-Corpuscles. — Human  red  blood-corpuscles  re- 
5  biconcave  lenses :  their  diameter  varies  between  0.0064  and 
millimeters. 
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In  man  and  all  msiratimlia,  with  tlie  except ioD  of  the  camel  iribc, 
they  are  circular  and  devoid  of  a  imcleuH ;  in  birds,  reptik's,  udil  ttH»^! 
fish,  they   are   oval,  biconvex,  and    nuck-attnl ;   in   the   cnmd,  Ik  r 
blood -cells*  are   oval,  bnt  iirc  not  nucleated.     From   the   fad  that   I 
edges  of  the  red  bloud-cclls  are  convex  and  the  centre  concave,  Uu- 
dilTerent  parts  refract  light  dittcrcntiy,  and  whea  eMinined  umicr  tb 
microscope,  if  the  edges  are  sharply  defined,  the  centres  nppeur  ihrk, 
and  vice  verm  (Fijz^  1T2). 

There  is  no  constant  relation  between  the  size  of  sm  ftninml  iitmI  iJir 
size  of  its  blood-disks;  thus,  anionji  mntumals,  altho«»ih  the  anl  hM- 
corpiiaek^s  of  the  elephant  are  the  largest.  thoBC  of  the  moiiso  jireknu 
means  the  smallest,  lieing,  in  fact,  three  times  as  large  a*  thoseof  the 
musk-deer  (Fit?.  1^3). 
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In  the  vfirions  domestic  animals  tlieir  tUiuneter  is  placed  ** ''t>li"** 
in  fractions  of  a  millimeter:  horse,  0.004-0.005;  ox.  0,003-0.005 ;  <iif. 
U.a05-U.tK)T  ;  sheep.  0.002-0.004;  troat,  0.002 ;  hog,  O.O03-ai»fl4  ^i* 
meters.  Freqnently,  (lurticnlarly  in  trrowintif  animals  and  aAer  i^ri>?ii»< 
heraorrhajtfe  or  exhanstinia:  disease,  red  Ijlood-cnrpuscles  smaller  tb»»  "* 
above  will  Iw  foinid.  Tlio^e  f*re  prolKibly  to  l>e  rt'srardcnl  »$  yotini.L^'* 
ing  blood-i^ells.  The  nnnibcr  of  the  red  bloiMl-cells  Is  ahnost  inliin:^  i 
one  cubic  centimeter  of  bbind  in  msin^  five  million  red  liloo^l^lisk*  l^** 
l>een  estimated  to  be  |)resent;  in  the  fjoat.nine  to  ten  millions  :  ialkl*"'"' 
thirteen  to  fourteen  millions;  in  birds,  one  to  fonr  million^:  in  the  W 
one-quarter  to  two  millions;  in  the  frog,  half  a  million  ;  and  inllK*!*^ 
tens,  thirty-six  thousand.  In  fact.  30  to  40  jier  cent,  of  the  entire  •"** 
of  the  blood  is  composed  of  red  blood-corpuscles;  thus/ia  tht  If"^**** 


^^    Fro.  i?:?,— Bt-oorM"oRiTsrLKft  of  rnFFKRKNX  ANnrALS.    IThnnbo^er,) 

^^||nl«;  I.  Uibtn  .   *.  •nuke;  X  cAtnri ,  6,  turtle;  7,  Mlftm&ntlnr  .  S,  carft;  1*.  o^h^tii  fifwiilhii;   lU,  cutkmt; 
\      liB  owpWMl* ;  16.  huria,  the  cvlli  ftrr«Q|*d  im  raalMttx  ;  17,  liipf»o|wt»ina».  tifjier  ifiei*. 

ife  color  and  upaeity  of  tlie  Mf>o*l  *  tlit'ir  t*peeitie  irravity  mii^'  l>o  pljiced 
jibout  1090,  If  wuter  Is  sitliled  to  bluoil,  it  ajipears  darker  in  retiected 
||it,  but  is  more  tmiiBpareut.     TLis  dei>eiids  upon  the  clmnge  in  shape 


i)  «  * 


cP 


ILlTi.— Rf.D  BL001>-CORPCr8CLE8,   SHOWING  VARIOITfi    CHANOK8  13*  SHAPK.     {LuntJoi*,) 

In,  it,  (MinnB.1  hmnan  red  vorp(uv>l«.  with  thc'vatr*!  defintuvioit  narrrv  or  I«m  to  fociu:  r,  <i,  m,  mulberry 
«tknv«t)<  MWittf  tn  th«  Aetion  nf  *  ■tn^ai  nilin«  »i*luti<iit. 

the  red  blood-cells:  an  they  iiid»il>e  water  tliey  swell  up,  and  so  reflet^t 
IB  light,  and  at  the  wame  time  the  co-ctlieient  uf  refraetion  dillers  less 
^  normal  from  that  of  tlie  lilood-seruui.     On  the  other  hand,  if  salt 
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solution  is  fidded  to  blood  instead  of  wntor,  the  cor|>usele8  shrivel 
tberufore  favor  the  reflect  ion  of  light,  jind  prevent  its  tmnt^niisiiont 
henee  the  blood  is  now  less  transparent,  bnt  api>ejirs  lighter  in  reflects 
light  (Fig.  174). 

The  red  blood-corpnseles  are  almost  fluid  in  consistence,  ami 
resemble,  therefore,  snsj)ende<l  drops  of  jelly.  This  eharaclerisHc  is 
frequently  seen  wlien  the  eircuhition  in  the  capillaries,  as  in  the  nieseD* 
tery  of  the  guinen-pig,  is  examined  under  the  microscope.  Tbe  red 
blood-cella  will  often  be  observetl  to  eliange  their  sha|>e  by  pr^«winv 
from  a  disk  to  un  elongated  rod,  and  Bt)melimes  snch  u  di8tt>rte<(  m- 

puscle  will  catch  at  the  p<Hiit  of 
bifurcation  of  a  capillary,  where  ft 
may  hang  like  a  pair  of  gaddU'-l^ij:?, 
part  in  one  branch  of  the  capillnn, 
and  the  other  lialf  in  the  o|>jh^^iU' 
Even  in  animals  witli  nucleated  rci 
blood-cells,    like    the    frog,  mwii 

J^L  fj^       change  in  sha]ie  may  l>e  uei-ti:  iJj^ 

Jm^L  kJft       red  liiood-cells  may  even  W  smi  <<' 

^  ^^  l^K      pass  out  through  the  walls  of  the 

fll^H  I  I      blood-vessels,      liecomtng     in    ^i" 


Fio. 


175.— H<«NnGLOBrjff    Cryrtals    ok 


process  drawn  out  into  a  fine  tbnivi. 
The    reil    blood-corjuisicles  wr^ 
composed  of  the  **  etroma**  umi  '  lis- 
mogiobin.'* 

Early  oljservers  rcgnrde<l  tliemi 
blood-corpusele  a^  a  vesiculnr  Mj 
in  which  a  cell-membrane  \nv\m^^ 
fluid  contents;  at  present  it  is  •«• 
lievcd  to  l>e  composed  of  a  semi-flin'^ 
net-work  or  fmme*work,  the  ftnui^i- 
denser  at  the  periphery  than  at  ^1»'^ 
centre,  in  the  meshes  of  which  are  inclosed  the  other  constitnenls  offh^' 
cell.  The  stroma  may  be  demonstrated  l\v  alternately  fn*cj?ing  *nii 
thawing  the  blood,  which  then  loses  its  opacity  and  becomes  a  cIcat. 
lake-colored  fluids  the  Inemoglobin  having  left  the  corpuscles  to  paisaii 
solution  in  the  plasma,  and  the  stromata  remaining  as  colorless 
which  sometimes  retain  the  original  form  of  the  blood-cell,  but  usi«l 
are  either  more  globular  or  more  shriveled  than  normal.  The  strom*  is 
colorless  and  highly  elastic  and  is  albuminous  in  nature;  it  is  insoluU* 
in  serom,  dilute  salt  or  sugar  solutions,  and  water  below  60^  C.  but  il 
is  soluble  in  serum  containing  alcohol,  ether,  or  chloroform,  tiw^w^^^ 
alkalies,  and  in  solutions  of  alkaline  salts  of  the  bile  acids. 
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Host  important  constituent  ot'tlie  rod  blood-corpuscles,  l>oth  in 
Mid  function^  is  the  ^'  hipiiioglobin/'  Htunuiglaliin,  or  the  blood 
utter,  is  a  complicated,  crystallizabk*  allHiniinoid  body 
Ig  iron,  and  forms  abcmi  W  per  cent,  ot^  the  red  blood-(*ells. 
barated  from  the  eorpnscles,  l»a*nioglobiti  readily  crystallizes  out 


fciOOD-CRysTAiJi  OF  Max  and  Fuff^kbent  Ajcimai^.     iThonhajlfn-  avd  JV#y.) 


jtiBuiflrthla  rrYstali ;    lf».  aijuirrwl :    Tr.  Kiiiiiea-f'tK  ;    U.  ffr^'tniJ-niolp;    I^.  lnn*«;    Cm,  man  ;_|{t 
"   ,eai;   T,  oo»  ;  mr.  trum  tbe  venmiji  bUxjfl  of  n,  citi.     3.  httmaUn  <'r>iitftl« ;    E,  mi 


r 

Intions  in  Berum  when  concentrated.  These  crystals  have  dif- 
tms  in  different  npeeies  of  nnimul>!,  deirendin*^,  .i]ip!irently,  on 
ioiounts  of  water  of  erj'stallizatioiL  Tn  the  dorncstie  tiui  mals  they 
\  the  rhombic  system  ;  those  of  the  stpiirrel  are  liexugonal.    The 
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crysl     3  are  doubly  refractive  antl  soluble  in  water  and  wt^ak  fi\ 
solntioiia,  those  obtaiH*?d  from  horses*  blood  being  more  aolubi**  r: 
hemoglobin  of  the  dog  or  ciit  (Figs.  IT5  and  HC). 

Haemoglobin  solutions  decorapone  atYer  standing  a  few  djii 
peciall y  when  concentrated  and  exposed  to  a  warm  teiui>emtare,  ai 
red  color  is  then  rei»Iaced  by  a  di rt. y -brown  hue,  wldt^h  a|t[jear?»  p 
in  transmitted  light,  Cotieeutrated  alkalit-H,  varhnis  metallic  ^dttiUi 
acids  facilitate  this  decomposition,  which  consists  of  the  tireakinj;  tij>uf 
the  hiemoglobin  into  certain  allniminoidH  and  a  eoloring  m:iitt?r,lin' 
which  is  often  found  in  i^ld  lilood  extrnvasations.  IlanuojrlMlnii  m*ti!* 
may  be   obtained  in  variotm  ways   IVom  the   blood  of  the  ih^.  hm. 


gumea-pig^ 
their  colori 
form  oxyhi 
tricity,  a  1 
stance^  ehi 
dog^s  bloody  1 
with  a  little  eu*^i. 
crystals  comTiiptn^i 
The  com 


ml  t 


which  deprive  the  red  cor|mHb«J<r 
the  hloo<l  lakc-<.*olored*  aiamfFfl* 
as  repeated  rreexing  and  tb^iwiajfjelic- 
Wtiered  salts,  ether  la  ta^t  cir  «1^ 
\t  The  *simpleHt  way  h  totldiL) 
as  possiiblis  an«l  iheri  :?lutki  thr' 
B  ether  has  part  ially  evnpofalt^ 

n  in  a:^  follow** ; — 


The  following  has  to  as  its  empirical  formula^  »^iiJ 

that  the  molecule  contains  one  atom  of  iron  i — 

Haemoglobin  readih"   formH  a   looi*e  chemical  nnion  with  r?xT!j'«^ 
called  oxyhiemoglfibin.     It  may  be  formed  by  shaking  a  WiiU'^i  '^U 
ba»moglo])in  with  oxygen.     The  oxygeri  is  again  rt^idily  removal  ft« 
this  eonipound  b^-  ex  pus  are  to  a  vacua  m  or  by  various  redia'iiis:  siH'^iM 
Buch  as  am  mom  sulph.,  iron  ^alts,  or  metallic  iron.     That  tlii^  hhu'ii*! 
oxygen  with  hiemoglobin  it*  of  a  chemical  nature  is  proyeiL  m  tli^ ' 
place,  by  the  constHUcy  of  tlie  cipiivalent  of  eoml>inationr  TLi3*J 
gnimiju*  of  haemoglobin  will   unite  with  0,0024   gramme  im^^t'"'^ 
would  phice  the  molecnlar  weight  of  hajraoglobin  at  abont  13,W 

In  tlie  second  pUici%  tlie  diJfereaee  iu  opticjil  clmnutfTiJ'tif* ' 
haemoglobin  and  oxy haemoglobin  point  to  difference  iu  cheaiirri'.  <^*^ 
tntion.  Thus,  reduced  hi^moglohin  is  characteriased  by  an  ak^'t]itn* 
band  in  the  yellow  portion  of  the  Bpectrnin,  while  Mjlmi^"? 
(»xybiemoglobin  sliow  two  absorption-bands,  one  at  the  line  DisoiiJ 
11  ne)^  and  the  otlier  at  E  of  the  solar  sjieetrnm,  while  the  portiottofl 
spectrum  which  with  reduced  haemoglobin  is  dark,  with  oxyhaen 
is  clear  (Fig.  177). 


Siemoglol)iti  with  uxyiia^moglohiii,  tlio  rL^lutivt^  pro|)(irtions  of  each 
ying  ill  ditlbrunt  localities  mid  under  ditleii'iit  circumstances. 
rtber  characteristics  of  these  bodies^  will  be  studied  in  the  chapter  on 
ipirution. 
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Corapounda  ftimihir  to  oxybn?Dioglobiii  are  farmed  between 
globiii  nnd  curhon  itumoxifle  autl  cjaiiogen.  These  two  ga^scs  ciis] 
oxygen  from  oxylimiiiogloliiii,  imd  Ibriu  oompomids  which  cannof 
be  broken  up  witU  oxygen.  These  compounds,  a«  well  aa  tho8€  fonM 
with  tHtrons  oxide  nnd  aiilpburettcd  hydrogen,  are  more  stable  in  nati 
thiin  the  oxyhannoglo])in. 

Hanuoglobin  is  ehemicftlly  an  even  more  complex  l>ody  ilian  nWmtm 
since  the  latter,  togethvr  with  hiematin,  are  decompositiOD  prcxlucu  i 
hannoglobiii.  This  deuunipositioii  et^peciiilly  occurs  under  the  action  I 
acids,  though  it  also  takes  plac^  when  wolutiona  of  haemoglobin  il 
exposed  to  u  moderately  warra  temperature.  Out  of  one  hundred  p«if 
htemoglobin,  about  four  parts  ha^  matin  and  ninety -six  parts  alt*uni« 
may  be  separated. 

The  inorganic  constituents  of  the  red  blood-corpuscles  ditfer  rci 
essentially  from  those  found  in  the  blood-plasma.  While  the  latter 
rich  iu  chlorine  and  sodium,  only  truces  are  to  be  found  in  the  l^tni 
corpuscles,  where^  however,  potassium  and  phosj»hatcs  urv  ijrewnt 
large  amounts,  though  tliey  are  almost  entirely  absent  from  the  wnii 
The  fact  that  we  have  here  such  a  marked  separate  distribution  of  sold 
salts,  without  any  apparent  tendency  to  their  eipial  distributirm,  aJioi 
that  iliere  must  be  some  force  present  which  interferee  with  the  workii 
of  the  kwfi  of  ditlusion  and  inhibition. 

The  following  table  shows  the  contrast  betweeu  the  iijorgtuiic  co9^ 
stituents  of  the  corpuscles  and  blood-plasma  (Schmidt): — 


MIOO  imrXn  n(  Moist  Torpuscles  yield— 
Mineral    matters   (exclusive 

ofiroa), 8.120 

Chlorine I.ft86 

Sulphune  anhydride,  .  .  W.mn 
PndSF'UOKrs  PENTOXIDE,      .    1.134 

Potassium,  .  ,  .  .  3.328 
Sodima,  ....  IM\2 
Caleiiim  ptiosphate,  .  .  0 114 
MagneBium 0.07^ 


Mineral  matlerg,  ,      .  .  ^^ 

Balpharic  tinhydride*  .  OJK' 

Pl*os]>lioru8  penl0X]d«^  .  t*'!*" 

Potassium,          ,        .  .  0,^ 

BooruM.     ,        .        ,  •  3.341 

Crtlchuu  phosphate, .  »  *'^^^ 

Magnesium  phosph&te,  .  0<^ 


^                            Too  much  imi>ortance 

must  not 

however, 

be  laid  U})on 

this  (irt^T 

l^'                    distribution 

of  the 

inorganic  constituents  of 

the 

red  liioo4l-(oriH»s«J 

and  plasma. 

as  gi%'en  above  for  hum 

an   hlood, 

since 

it  iUmA 

ml  lif^l 

means  hold 

in  thr  V. 

ise  of  other  animals,  for  in  most  animaU  tbf  *<w^| 

salts  in  the 

cor  prise 

les  actually   pre| 

H>nilcratc 

over 

the  outxLHsima i|^[ 

The  following  table 

illustrates  this:- 

- 

^1 

Blcw>d.<'ki,TmH 

LiQuuR  SA3tarn(t».  ^^| 

K. 

Na. 

(T 

K. 

Na. 

^\.^ 

M&n, 

4*1, 8fl 

1K71 

2Lon 

5.19 

«7  74 

^f    ■ 

Bog, 

H,07 

iJ(L17 

24.88 

a/2r» 

3d.68 

r.n    ■ 

Cat    . 

7.m 

a'),  03 

27.r>9 

5  17 

37.e4 

*^'l   I 

Sheep, 

14.57 

JJ>*J)7 

27.21 

n.5« 

isa5« 

m-f    ■ 

Goat, 

37.41 

14.y8 

3L73 

3.55 

37.81* 

4041      ■ 
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2.  Tub  Whiti;  Blood-Corpuscles. — Tli€  white  blood-cells  are  niicle- 
lAujasiies  uf  free  protoplasm  (lentitute  L^f  nny  memliniiie,  ufnimilar  in 
KanincCf  and  of  the  same  iiatiue  an  iytaiih  ami  pn«,  ur  eonnective- 
lue  corpuscles.  When  in  globular  form  these  cells  huve  a  diameter 
about  0.01  millimeter;  like  other  forms  of  free  protoplasm,  such  as 

amcelia,  tliev  are  capable  of  assuming  tlie  most  iliversu  shapes.  Even 
Br  being  drawn  from  the  bod}%  if  a  drop  of  blood  is  kept  at  the  body 
iperature  on  a  warm  stage  under  the  microscope,  the  white  blood- 


to,  im— HuMAK  VxvcocrTEB  ^HQWi^SQ  AsKEBOiD  MOVEMENTS.    {Landoix.i 


Is  may  be  »een  to  change  their  t^hape  and  position,  and  everj  take  fine 
mules,  ftueh  as  carmine,  into  their  interior.  In  other  words,  tbey 
tiave  precisely  like  tlie  amcpba  (Fig.  178), 

The  white  blood-L^ells  are  found  in  much  smaller  nnmljers  in  the 
Jod  than  the  red  cells;  tlieir  relative  prup*jrtioiis  vary  according  to  the 
tritive  condition  of  the  animal,  the  locality  from  which  the  blood  is 
ken,  ami  various  other  circumstances.  As  an  avei-age,  it  may  be  stated 
H  there  are  abmit  tliree  hundred  to  three  hundred  and  fifty  times  as 
lajr  red  cells  as  white* 
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Tlte  wliitc  corpuscles  are  much  lighter  than  the  red,  as  is  shown  by 
their  l)eiii<^  funiHl  in  <rreatest  luimher  nenr  the  upper  surface  of  a  iiliiwl- 
clat,  uud  liy  the  Hict  that  when  horses'  l>lood  coagulates  the  wlnt<^  hhi^l 
cells  form  a  distinct  layer  on  the  surface  of  the  red  corpuscles. 

The  wliifcf  I>loodH;!ells  posKt?ss  grvnt  adht^sivenesg,  even  YfhWv  in  tijf 
blooil-eurri^ut.  This  adhcHiveness  of  tlie  white  cells  nm^\  ftl«*o  be  sttn 
iu  blood  drawn  from  the  body.  If  a  drop  of  blood  is  eovereil  witbt 
cover-sliji  and  a  drop  of  J  per  cent,  salt  solution  passed  under  Ihi- com 
by  ilrofTpHitj;  a  little  of  tlie  soluticm  at  one  side  and  drawinjr  it  throudi 
by  placintj  a  piece  of  bibulous  paper  at  the  opposite  edge,  tite  retl  H(m\' 
cells  may  be  seen  liy  the  microscope  to  rapidly  pjiss  from  one  sidcofllw 
field  to  the  other,  while  the  white  cells  remain  adherent  to  the  covt*r-*lip. 
They,  tlierefore,  have  a  tcudeney  to  clinij  to  the  walls  of  the  blocwl  vi\«!iel 
in  which  thej  may  be  circnlatinj^,  and,  since  the  white  cells  have  an  altnfist 
fluid  consistence,  they  readily  pass  through  the  walls  of  the  ca[>iliari» 
into  the  surround int^  tissue.  This  especiaily  occurs  in  ijitlame*i  tifwiiw. 
when  the  slow  blood-current  and  higii  pressure  favors  thig  transiubtioii; 
in  fact,  According  to  many  patijologists^  nearly  all  pu^-celb  are  8U[»fw«^l 
to  originate  In  sncli  a  transudation  of  the  white  blood-CLdls. 

After  jjassiing  through  tlie  walls  of  the  capillaries  in  normal cirtJUM- 
stances  the  white  blood-cells  directly  enter  the  lymph-spitees  lo  wbi*l> 
originate  the  lymphatic  vessels,  from  which  they  may  again  imter  lli* 
bloo<l -current.  It  does  not»  however,  follow  that  all  lymph-corpuscit* 
which  are  thrown  into  the  venous  current  have  originally  l>een  derived 
from  wddte  blood-cells  which  have  passed  from  the  blood  through  tb» 
walls  of  the  capiliaries  into  the  lymph.  We  have  already  sceu  tbt 
raan3^  l^^roph-tndls  cjriginate  in  the  l^'mtdiatic  glands,  areikvplofMMl  in 
the  l)lood  into  rt^ci  hlood-eclls,  and  as  such  are  again  broken  down.  Tin* 
change  of  the  white  int(»  reti  blood-cells  appears  principally  to  take  [»b»«i* 
in  the  red  marrow  of  bones  and  in  the  spleen.  In  these  organs  capillan 
arterioles  do  not  pass  directly  into  the  venous  fadic^lii,  but  into  Ui^ 
spaces-,- or  lacuna*,  from  which ^  after  passinjr  thn>ugh  a  Rtere-Hkc  eclltil*^ 
net-work,  the  modified  blood-<.?ells  enter  at  o^ice  into  large  venous  ^-afii- 
laries.  Tho  [lassage  of  the  blood  into  these  great  expansions  niitomflj 
produces  a  great  slowing  of  the  current,  and  it  is  quite  concei^TiW*^*^*'' 
time  wnll  then  be  given  for  profound  changes  \n  the  blood-cells;  ii«it«^ 
the  [jrotoplasm  of  the  white  cells  is  changed  into  hiemojilnhin,  ll* 
nucleus  appears  to  be  extruded  and  ultimately  dissolvect  in  tfii*  Wood- 
serum,  ami  a  red  blond-cell  is  thus  dcvelojietb 

The  white  bloofl-c*ells  liave  a  very  complex  chemical  cow 
various   albuminoids   enter   into   their   composition,  hjs  wrU   as 
hydrates,  fats,  lecithin,  eholewterin,  phosphates,  and  ealcium.  wM 
cell-nucleus  appears  to  consist  mainly  of  a  phosphor! /.ed  liody,  n\ 
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Allmniinoitls  of  various  sorts  form  the  great  mass  of  th<^  white 
wl-corpuscles.  The^e  eorrespond  mainly  to  the  albiiminoiils  which 
TouimI  in  tl»e  l>louc!-i)JaHma,  whicli,  toii^vtlifr  with  iht-  irarav^lolniHii, 
*  fibrin <Kj) last ic  giihstan«.*t%  will  l>e  (k'seribed  in  the  coiisideratioii  of  the 
yrolation  of  the  blooti 

The  [jrutophiBm  of  the  cok*rless  Mood-cell!^  nnderiroes  partial  oong:n- 
ilioo  at  40^  V,  It  8 wells  and  iK-eomes  trariHpaieiit  when  treated  with 
etic  acid,  the  nuclei  becominjr  more  distinct.  With  10  per  cent,  salt 
DlutioD  the  protoplasm  swells  and  beeonjes  dissolveil  (leavhiL!:  the  nuclei 
fttaet),  ihe  Hobitiuti  being  congulnble  witli  Ijeat  and  the  mineral  ncida 
nml  precipitaleil  liy  dilution  with  water.  The  proteid  coustituents  of 
liie  white  biood-ceUs  are  thus  lar^i^ely  of  a  glohuhn-like  nature. 

Of  the  rar/-Mi/>yc/ra/f%<*,  trlycoiren  (»cen|neft  the  tirst  rank  in  imi>ortance. 
Whoa  treate<l  with  a  sohUiou  of  i«idine  (one  gramme)  in  iodide  of  potas- 
sium {two  grammes  in  one  hundred  c.e.  water)  many  of  the  white  blowU 
cvlU  luiHume  a  reddisli,  muhoiiany  color,  while  in  others  the  IkmIv  of  the 
ctll  stains  deep  ^^ellow,  nurneioug  prannles  Uiking  on  the  nuihopany 
tint  which  is  characteristic  of  *rlycogen.  From  the  importance  which 
glycogen  has  been  found  to  possess  for  muscular  contraction,  it  may  l»c 
wsiiTned  that  the  contractility  ot'the  white  Uood-corpuscles  is  deveioi>ed 
tl  ibe  ex|»ense  of  the  glycogen. 

Variable  amounts  at  fat  are  also  found  in  the  protoplfism  of  the 
white  blood-corpuscles  in  the  form  of  highly  refrnetive  fjrannles.  The 
itnporUinee  of  this  fat  for  the  life  priK^esses  of  the  blood-cells  is  as  yet 
ttudrtennine<l.  Whether  it  is  frjrmetl  as  a  result  of  the  breaking  down 
of  Uie  cell-protoplasim^  or  whether  it  exists  as  a  result  of  absorption 
l>roce»*>e8,  is  not  certain,  though  the  tVillowiug  cxpertmcut  seems  to 
iailicftte  the  former  origin. 

If  a  piece  of  *lry  pith  is  inserted  iuto  the  abdominal  cavity  of  a  liv- 
ing aninial,  the  pores  of  the  pith  are  M>*m  found  to  be  tilled  with  blood- 
Htruin  and  wliite  blood-cells ;  the  hitter  pnss  into  the  iuterior  of  tlie  pith, 
M  if,  ftlTer  remaining  in  the  atnlominal  cavity  for  tweuty-fonr  bonrS| 
ifcte  |iith  is  examined  under  the  microscope,  tlie  external  layers  will  l>e 
ftwini  to  be  occupied  l»y  perfeetl\'  uomifil,  living,  wdute  blood-eclls,  while 
tkow  which  are  found  in  the  central  portions  have  assumed  a  spherical 
form  and  undergone  such  extensive  fatty  degeneration  that  the  pith 
•eemfl  to  Im  irot>reguated  with  fat-globules, 

LeHUiin, — A  pliospliorized  body  which  has  already  l>een  descriljed 
18  a  constituent  of  nearly  all  developing  cells  is  also  found  as  a  constant 
ii^fituent  of  the  white  blood-cells.  As  regards  the  origin  of  this  ^ub- 
-'  une.  there  is  also  the  greatest  iincertaiuty,  though  there  is  some 
evidence  in  favor  of  the  view  that  it  exists  as  a  preliminary  stage  to 
the  fonnation  of  fat.     Lecithin  is  capable  of  a  high  degree  of  aqueous 
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inhibitioti,  when  it  becomes  a  very  adhesive,  gummy  substnnce.  ioirlikli  j 
probably  tlit»  adliL»sivc  properties  of  tlie  wliite  lilouti-i-elU  are  clue. 

CholeMerin  is  also  a  constant  uonstitiieut  of  normal  wUil«  blood- 
cells.  It  i-i  not  known  whether  the  choleeterin  is  diBSolvetl  or  ausjjeadd 
in  the  protoiilaJ^m  of  the  white  blood-cr>rpiisC'les, 

In  atMition  to  the  al»ove  substnnees  which  are  contained  inlhtflN- 
iiig  wliite  blood-corpiisdes,  tliere  exists  in  breaking  up  corpiisck*  ttie 
fibrin  ferment  which  orij^jioates  in  the  death  of  the  protoplnsiu.  Tliis 
t^ubstanee^  which  possesses  tlie  power  of  converting  solul*le  int^jinsolulA' 
fibrin »  may  Vm  regarded  as  a  complicated  organic  bo<ly,  and  poasessdi. 
even  when  in  most  minute  quantity,  the  power  of  decom posing  tk 
peroxide  of  hycirogen,  proliably  with  the  assistance  of  the  element* of 
water,  and  of  producing  the  modilied  forms  of  fibrinogen.  Tbiit  tbis  fer- 
ment is  set  free  b}^  the  breaking  down  of  the  .protoplasm  of  the  wli)l« 
cells,  and  is  not  coutitined  dissolved  in  the  plasma  of  the  blood,  is  rcn* 
dercd  iu*nba!ile  by  the  folh>wing  ex|>erimcnt: — 

If  the  mesentery  of  the  guinea-pig  l>e  examined  under  the  micro- 
scope and  ft  crystal  of  common  salt  placed  near  a  small  blood-vessel «* 
the  salt  melts  the  inner  wall  €»f  the  vessel  will  lie  found  t*i  Ik*  gnidi»llj 
covered  with  uuraerous  white  blood-cells  nnlil  the  Inraen  of  th*;  vweelii 
finally  obstructed  by  a  plug  of  white  blood-cells*  At  first  the  mar§:inof 
each  separate  cell  is  distinct,  but  soon  they  become  indistinct  and  tlifi 
vessel  is  then  lilleil  with  a  mass  of  fibrin »  white  tbronibus,  which  exiictJj 
resembles  the  colorless  coagubim  whicli  forma  in  clotting  lj)ood-]>bsiofc  | 

Nutleift  is  the  most  important  constituent  of  the  eel l-micleiis*  ^'^ 
clein  is  ini^oluble  in  water  and  dilute  acids,  but  readily  soluble  in  dilute 
potash  solutions;  wheu  treated  with  hydrochloric  acid  it  is  cImumK*^ 
into  a  stiff  jelly.  Nuclein  is  completely  indifferent  to  the  action  of  dfj 
digestive  jnices. 

As  every  increase  in  the  white  blood-cella  is  preceded  by  ^  growtt  j 
of  the  nucleus,  it  is  possible  that  the  nnclcin  plays  an  impt^rti;;^  '^^^ 
in  the  life  of  the  w4iite  blood<M>rpUBcles. 

In  addition  to  the  white  and  retl  Ijlood-corpueoles,  microsci)|>i 
amination  oTthe  blood  will  often  reveal  tlic  presence  of  granular  nocli 
bodies,  winch  are  described  as  blood-plates  or  haematoblasts. 
bodies  vary  coUHiderably  in  size,  beiu^  usually  about  one-thinl  ibe  i 
of  a  red  blood-celb  and,  like  them,  biconcave  in  shai>e,  have  aUiul  tji*  | 
same  specific  gravity  as  the  white  blood-cells,  and  ]x>sseds  tbc  ^^^  1 
of  amoeboifl  movement.  They  occur  as  pale^  colorless,  ovrI,  r^"*"*  j 
or  lenticular  disks,  of  variable  size,  averaging  al>ont  3  p.  By  HaV^I 
they  are  supposed  to  represent  an  early  stage  of  development  of  \^^l 
blood-corpuscles.  They  are  about  forty  times  as  numerous  a* 
leucocytes,  aud  may  be  recognized  in  the  circulating  blood  in  the  i 
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'of  the  giiineA-p!g  or  in  the  wing  of  the  bat.     They  are  precipitated 

^enormoiid  numbers  upon  tliieads  suspended  in  fresh  blood.     They  are 

Keved  by  Bizzozero  to  be  the  agents  wltii'li  inimtHlintely  induce  congu- 

on  and  tiike  part  iii  the  fonimtioii  of  tibriii.     They  lnjcuuie  colorleB.s 

I  disintegrate  during  the  act  of  eoaguhition  (Fij^,  179). 

3.   Blood- Plasma  and  Blood  Coaoclation. — Blood-plasma  is  blood 

blood-corpuscles.      It  may  readily  be  obtained  for  study  by  pre- 

ilting  the  cojvgulation  of  horses'  blood  by  eohl,  when  both  the  red  ar<d 

ftte  blood-corpuseles  settle  to  the  bottom  and  leave  the  pure  plasma, 

aing  a  clenr,  amber-colored  fluid  above. 

rinsma  is  a  somewlmt  viscid  fluid  of  nlkaline  reaction.  Its  specific 
urity  is  about  1027  or  1028.  It  eoiitaint^  about  90  per  cent,  water, 
III  from  7  tu  9  per  cent,  of  various  albuminoids,  with  small  amounts 
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Flo.  im—** Blood-Plates"  asd  theih  Dfrivativks,  after  Bixzozkro 
AND  Lakeh.  iLamtijU.) 
I.  iEaTl^i>4i  tI«w  «f  red  McMMl-oor|i«KlMi ;  3.  'sid«  tI#w  ;  .1,  nndiaiii^d  M>idd-p1atM;  4.  a  1fin|ili-o<r^ 
imhU,  vanvaiKioi)  wHh  Mond-jiUitM ;  0,  btood-plilef  vaj^4H»l^  Alterwl ;  6.  &  lyRitih-<y>r)itiM:1«  *r>lh  two 
bam  nf  ta*tA  hliKtd-pl^tM  nod  thrtmdi  of  fllirlii :  7«  grnnji  nf  Mo<ti'y\t,ijit  fuMd  or  run  tofethci-;  8,  •  tlml- 
larWp  of  |Mi(ti&llj  di«KilT«4  tiloud-ptatei  nith  thrtadi  uf  ibrin. 

^riiren,  krcatin,  krentinin,  and  other  nitrogenous  organic  Ijodies,  as  well 
4"^  ^tipir,  fat,  cholesteriii,  and  mineral  bodies^  of  which  compounds  of 
^Wnm  with  chlorine  and  carbon  dioxide  are  in  excess.  If  horses' 
jiksma.  prepared  as  almve,  is  allowed  to  liecome  wrtrmed  a  few  degrees 
al>nve  the  freezing  point,  it  completely  solirUfics  into  a  solid  m?iss  ;  the 
I'lasma  is  then  said  to  l>e  coagulated.  This  process  of  coagulation  com- 
^^awnces  at  the  edges,  in  contact  with  the  walls  of  the  vessel  which  con- 
Ppifis  it.  and  on  the  free  snrlace  of  the  fluids  and  rapidly  extends  through- 
f  out  the  entire  mass  until  a  firm  jelly  results,  which  is  qnite  as  transparent 
M#the  originai  fluid.  Coagulation  is  due  to  certain  albuminoids  becoming 
^^nsformed  from  the  fluid  to  the  solid  state,  resulting  in  tiie  formation 
f  of  fibrin.  Shortly  after  the  formation  of  the  coagulum,  a  depression 
9  in  the  upper  surface  of  the  clot^  in  which  a  clear  fluid,  the  ^erifwii^ 
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collects  J  the  clot  then  grfiduall}'  shrinks  awaj  from  th^  Rides  of  UieTMtrl 
Willi  con t met s  in  cv&ry  direction,  mid  as  the  coagiiliim  decrease*  m  Mk 
the  iUiid  strum  inere:ises,  until,  finall3%  tlie  now  Dpoque.  small,  llm 
(swJma  in  a  Inr^e  amount  of  elemr^  jellowisU  s^rtiiii. 

When  liorsf^s'  blood  is  not  artiftcially  eooled,  and  in  Mood  of  otbif" 
miiniiiml§,the  process  of  coagiilnti on  follows  a  somewhat  dirteri'iit  cohrCi 
Here  also  it  is  only  the  fibrin  which  congulates^  and  not  the  bloo*i  %n  tm 
but  the  procesis  takes  place  so  rapidly  that  the  corpuscles  do  irnt  imt: 
titne  to  settle,  bnt  remain  entangled  in  the  fibrin,  and  the  eoa^'nhmi. 
instead  of  being  colorless,  is  of  a  deep-red  color  from  the  contaiaetl  n^l 
lilomi-corpnscles,  tbe  whole  fortnlii*:^  a  red,  gelatinous  mass,^ — itw  vmtm 
vietiium,  or  clot.  Here,  nleo,  tlic  process  of  coagtilation  conimerntN  nt  tlic 
free  snrface  of  the  blood  and  at  the  surfaces  in  contact  with  the  wnllfiuf 
tlie  vess^el  by  the  formation  of  a  delicate  ijellicle,  which  ntpidly  tliiikfii* 
until  in  from  seven  to  fourteen  minutes  the  entire  mass  of  Woo*l  i§tmi^ 
formed  into  a  stitf  jelly  ;  and  here,  also,  after  the  formation  of  ibedot. 
there  is  a  gradually  progressive  contraction,  with  exudation  of  *fnaft 
until  finally  there  results  a  small,  red,  firm  coagultim^  floating  to  l^ 
yellowish  scnrni* 

Blood  of  different  species  of  animals  varies  in  the  rapidity  willi  wMei 
coagulation  takes  place.  In  the  following  series  coagulation  oeeui* it 
gradually  increasing  rapidity  from  the  first  to  the  last,^hflT««t  ^ 
dog,  ox,  pig,  goat,  sheep, — the  time  varying  from  twenty -five  to  on* 
and  a  Indf  minutes.  Normal  horses'  hlood  always  clots  so  sMj 
that  the  corpn^cles  have  time  partially  to  settle  to  the  IkUI^ot 
of  the  ve.sj*el  which  contains  iL  Immediately  before  coagnlatirtuJli^'^ 
fore,  tltc  iiorse's  l>lood  forms  different-colored  layers,  the  npf»fr  awl 
smallest  iieing  yellowish,  wiiile  the  lower  is  red.  When  coa^ul^iti^ 
takes  lUace  the  same  arrangement  holds,  and  tlie  clot  of  horsi^'  Ijlf™ 
has,  therefore,  a  yellowish  upper  6nrface,the  eo<'aile^I  buffy  coat  Jornnnf 
what  nj*€*d  to  be  called  an  infiammatorj^  clot  (f't'itata  phlogiaiiat)*  Ev'*ii" 
tiling,  tliervfore,  wliieh  accelerates  the  settling  of  the  reil  blofflW-^ 
or  wliidi  delays  coagnlation,  will  tend  to  develop  tiie  haflV  c<wt  <• 
the  clot. 

In  addition  to  cooling,  eongnlation  may  l>e  retarded  by  pum|>i"^P^ 
th e  o X y gen  f to m  t he  1>1  ood ,  1  ly  sat n r n t i o n  w i t h  car Iwiin  cl i o x i i! e  ( i*Xf »b if» f "' 
the  ta  Vi  iy  c  oa  gu  1  at  I  o  n  o  f  t  h  e  b  1  oo^  1  in  a  n  i  m  a  I  s  dy  i  n  g  from  sn  rti.»cjit  i  < » ti ,  ^'* 
w!ty  coagulation  occurs  sooner  in  venous  than  arterial  blooil),  a^^''^^'^ 
of  certain  m\U,  sucli  as  sulphate,  borate,  and  carbonate  of  siyiU^ 
chloride  of  sodium,  suljjhate  of  magnesium,  nitrate,  acetste.  aii^i  ci^ 
bonate  of  fmtassium,  and  chloride  of  potassium,  through  the  sviWi^"** 
of  smnli  anioinils  of  caustic  potash  or  ammonia,  sugar  and  gum  ml^i^ 
or  by  acidnlation  with  dilute  acetic  or  nitric  acids,     Bj'  eacftct  neuS 
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tioii  of  acidified  blood  with  ammonia,  or  through  the  prolonged  action  of 
.aM>ne,  the  coagulability  of  the  blood  ma3'  l)e  completely  removed. 

The  intravenous  injection  of  0.3  gramme  peptone  in  0.5  per  cent,  salt 
iolation  for  each  kilo  of  body  weight  in  the  dog  likewise  prevents  the 
MMgubition  of  the  blood. 

Warming  of  the  blood  above  its  normal  temi>erature  accelerates  co- 

•gnlation :  so,  also,  the  more  extensive  the  contact  of  the  blood  with 

foreign  bodies  and  with  the  atmosphere,  the  more  rapid  the  coagulation. 

If  blood,  as  it  escapes  from  a  blood-Acssel,  is  stirred  or  whipped 

with  glass  rods  or  twigs,  coagulation  occurs  somewhat  more  rapidly 

tbtu  normally ;  but  instead  of  the  entire  blood  being  tmnsformed  into  a 

jdly,  the  substance — fibrin — on  whose  solidification  blood  coagulation 

depends  separates  in  the  form  of  fibrous  lumps  and  shreds  adhering  to 

tbe  body  with  which  the  blood  is  whipi>ed.     The  blood  is  then  said  to  be 

defibrinated,  and  the  fiuid  in  which  the  corpuscles  remain  8usi>ended  is 

tenned  serum^  instead  of  plasma.     Plasma  is,  consequently,  the  fluid 

eonstitnent  of  blood  which  still  contains  uncoagulated  fibrin  elements; 

leriim  is  plasma  minus  the  fibrin  elements.     Serum  may  be  obtained  as 

1  clear  fluid  by  allowing  the  corpuscles  to  settle  or  by  separating  them 

with  the  centrifugal  machine;  or,  as  already-  stated,  it  exudes  from  the 

dot  when  blood  is  allowed  spontaneously  to  coagulate. 

The  coagulation  of  the  blood  consists  in  the  formation  of  fibrin,  an 
tibuminous  bod3'  which  results  from  the  action  of  a  ferment-like  boily 
on  the  albuminous  constituents  of  the  plasma,  the  process  ]»eing  similar 
to  the  spontaneous  conversion  of  soluble  into  coagulated  casein  in  milk 
from  the  action  of  the  casein  ferment. 

The  theory  as  to  the  formation  of  fibrin  which  has  met  with  most 
general  acceptance,  though  we  shall  find  that  it  rocpiires  some  slight 
modification,  is  that  coagulation  results  when  two  albuminous  boilies 
contained  in  blood-plasma,  the  fibrinogen  and  fibrino-plastic  substances, 
nnite  under  the  influence  of  the  fibrin  iVrment.  The  conditions  governing 
this  chemical  process  may  be  made  clear  by  the  following  experimental 
i)iets(  Foster):— 

If  the  blood,  as  it  flows  from  a  divided  vessel,  is  received  in  a  beaker 
containing  about  one-third  the  volume  of  blood  of  a  saturated  solution 
of  a  neutral  salt,  such  as  magnesium  sulphate,  coagulation  will  be 
prevented,  the  corpuscles  will  settle  in  time  to  the  bottom  of  the  vessel, 
the  fluid  plasma — mixed,  of  course,  with  the  salt  soluti(m — forming  a 
tninsi)areut  layer  above  them.  If  some  of  this  plasma  be  drawn  off 
with  a  pijwtte  and  diluted  with  eight  or  ten  times  its  bulk  of  water, 
coagulation  will  be  produced.  The  neutral  salt  has,  therefore,  merely 
>revented  coagulation  by  its  presence,  and  has  not  destroyed  the  sul>- 
ftance  or  substances  from  which  fibrin  is  formed.     If  to  some  of  the 
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iiiidiluted  blood-plasnm.m  which  coagiiUtion  has  been  jirevented  bj  col 
or  a  ueiitnil  f<jilt,au  excess  of  sodium  chloride  in  bulk  beadde«:I,a  stickj 
white  ijreei[>itate  will  be  formed,  and  if  it  is  liltered  otf  it  will  Ije  foui 
that  the  plasma,  even  if  warmed  or  dilute<l  with  water,  has  now  lost  I 
power  of  coagulation.  If  the  preeipitate  collected  in  the  filter  ' 
washed  with  a  saturated  solution  of  sodium  chloride,  in  which  it 
insoluble,  and  then  dissolved  in  a  small  amount  of  di»tille<l  wsUl 
(enonij^h  suit  will  clintr  to  the  precipitate  to  make  it  a  dilute  n\\m 
st>Uitii>n)  and  filtered,  the  cleur  filtrate  will  rapidly  solidify  iu  the  Kin* 
manner  as  the  bb^od ^plasma  |>re vented  by  cold  from  coagrihitioa  wljfo 
getitly  warmed.  This  Bubstanee  is  termed  piasniine,  and  it  is  evident 
that  Ute  coaji Illation  of  the  blood  is  due  to  the  conversion  of  jiLismme 
into  fibrin.  Plasmioe  is  not,  however,  a  simple  body,  but  a  mixture  of 
two  proteids,  as  is  shown  by  the  following  facts: — 

If  sodium  chloride  iu  bulk  be  added  to  the  serum  which  Mpantai 
from  clotted  blood,  a  prcei|utate  will  be  formed  which  in  iU  genciil 
characters  resembles  plasmine,  but  its  solution  will  not  coagubte  sptMi- 
taneously.     This  body  is  termed  paraghjbuHn  or  Jibrinoplaslin. 

If  sodium  ch  hi  ride  be  added  in  bulk  to  some  hydrocele  fltiM. » 
similar  precipitate  will  also  be  formed,  which  also,  when  in  solution*  will 
not  coagulate  s[>on taneously.  This  substance  is  termed  Jibrin&gfn,  If 
a  solittiou  of  IibrIiio«xen  be  a<b.le<l  to  a  solntiein  of  paraglobulit 
tion  occurs  iua  manner  precisely  similar  to  that  observed  in  bl<^ 
or  iu  soluttous  of  plasmine.  So,  also,  the  addition  of  blood-senimw 
hyrlroeele  fluid  will  likewise  cause  coairulation.  These  facts  wotiM***!* 
to  indicate  that  plasmine  is  a  mixture  of  paraglobulin  and  lil>fi»ogrf^ 
Another  factor  is,  however,  also  eoncemed. 

Botli  paraglobulin  aud  Hbrinogen  may  bo  precipitated  from 
and  hydrocele  dnid  hy  CO,,  jiml  yet  t!ie  solutions  of  these  precipiUW 
when  mixed  together  will  not  coagulate. 

If  some  detibrinafced  blood  be  poured  into  about  twenty  tiwtf  lt» 
volume  of  strong  alcohol,  all  the  proteids  will  1h?  coagulated.  U,tM\ 
standing  some  weeks  in  alcoliob  the  precipitate  be  filtered  uff  *"<!*'' 
tracted  with  water,  a  few^  drops  of  this  solution  adiled  to  tbe  al^^vr  mil- 
tore  of  paraglobulin  aud  filuinogen  obtained  by  CO,,  coagulntioo 
rapiilly  result.  If,  hnwcvcr,  the  wntery  extnict  be  tirst  IkjiWi 
clotting  will  result.  This  points  to  the  presence  of  a  ferment.  Coof^ 
ipiently  we  say  coagulation  results  from  the  union  of  paraglobulin  »■» 
(ibriuogen  lu  the  presence  of  the  bkiod  ferment. 

It  has,  however,  been  fouml  that  filiriu  may  result  from  the ad< 
of  the  fibrin  ferment  to  pure  fibrinogen,  without  in  any  way  ivji 
the  assistance  or  preseuee  of  filiriuoplastin.  Nevertheless,  tlie  ai 
of  fibrin  so  formed  is  considerably  less  than  would  result  fromll't?  e^ 
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lion  of  the  same  amount  of  flbrinogen  if  fibriiio|>la.stin  wore  present. 

i  would,  tbere fore,  ai>jiear  Ihrtt  the  fibrinopiastin  in  some  way  iissists  in 

averting  the  soluble  lilirmogen  into  tlu^  insoluWe  fibrin,  wiUuujt  itself 

jctlj  taking  part  in  the  formation  of  the  latter.     This  view  is  sui> 

led  by  the  fact  that  while  blootl-senini  is  entirely  free  from  iabrin- 

en  it  contains  nearly  as  ukicIj  tibrinoplustin  as  nneoagulated  blood. 

Fibrinophistin  perhaps  acts  in  the  same  way  as  certain  salts  (NaCl^ 

nClt)  and  leritldn^  which,  when  added  in  very  small  amounts  to  eoag- 

%h\e  fluids,  appear  to  increase  the  aiiioiint  of  filirin  formiid. 

The  above-mentioned  iibrin  factors  do  not  exist  ready  fi>rmed  in 

the  circulating  blood  of  living  animah,  but  originate  in  tbe  breakiuj; 

Uown  of  tlie  wliite  blood^elb  itk  man  and  other  mamnials,  and  of  the  re<l 

nucleated  blood-cells  of  birds  and  amphibia.    As  to  how  fur  tbe  ha^mato- 

hhk&is  are  concerned  in  this  process  is  still  the  sui*ject  of  controversy'* 

it  is,  however,  iibsolutely  certain  tliat  immense  numbers  of  the  white 

lilood-corpuscles  disappear  during  coagulation. 

^^g  FUrinogen  beltings  in  the  g:roup  of  ^lobiilinf?,  *,<•.,  albuminous  bodies  which 
^Bie  insoluble  in  wilut,  Imt  sohihle  m  dilute  suline  BoliUicin!?i,  in  whicb  again  they 
^■ire  rendered  insolulde  through  the  actloD  of  acids  »nd  alkalies. 

Fibrinogen  raiiy  be  [irupiired  by  rcdk'Cting  bori^es'  blood  in  onefoiirth  ils 
Tolurne  of  a  siituruted  solution  of  uia;rnesium  sidjdiair.  s^tirriti^  and  tillering, 
Hpaniling  the  corpuscles  from  tbe  plasma  l>y  the  use  of  the  centnfa;jal  maehinet 
tnd adding  to  the  latter  an  i-qnal  \idunie  of  ji  tiaturatetl  ^uH  solnfion.  The  i^re- 
cipilate  is  then  collected,  dried  by  pressing  between  layers  of  tilter-paper,  dis- 
solved in  an  8  per  real,  sidl  H>lut]on,  again  prrcipitaled  with  an  eipjiil  vnlmne  of 
ntumted  stdi  sohilroa,  again  drying  and  dfssolvini;;  and  repeating  the  process  until 
IpniLipitrtic  is  obtained,  which,  after  drying  with  filter-prt[vcr,  still  reljkins  enough 
nil  ad  Ik- ring  to  it  to  render  it  8c*Iuble  in  tlistilled  wjiter,  and  whieh  should  eon- 
iId  no  tnice  of  &erunMdloinH*n  or  paraglobulin.  The  removal  of  the  paragloba- 
Ibdepends  upon  the  fact  that  fibnuogen  is  xwy  much  uuire  reatlily  precipilaled 
^715-20  per  cent,  salt  solution  than  is  panighduiUn,  8o  obtaiacti,  fibrinogen,  in 
W  per  cent,  salt  stjlutloa,  coagulates  at  52C'-55'^  C.  It  also  nmy  lie  olitained» 
BJiietlwith  flbrinoplasfin,  fnitn  liydrocele  or  peneardial  tluicl,  by  dilution  with 
10-15  Yolnnies  of  water^  or  by  I  he  jiussage  of  a  stream  of  CO^, 

The  fibi'inoplftgtif  »itffgtanec,  or  ptirnfjhlmlin.  is  otjtained  sis  a  white  precipS- 
iilfl  when  perfectly  clear  aiiil  ccdorlef*8  bhxiil-Rerum  is  huntly  acidulated  with 
}  otetieacid,  and  tlien  diluted  with  fifteen  or  twenty  times  its  v^dume  of  dtgtilled 
'liter.  The  preeipitate  is  then  collected  on  ii  lilter  and  washed  wi(h  djfitilJed 
vtler.  Out  of  PXJ  e.c.  ox-serum  t». 7-0.4)  gj-anime  i>araglohnlin  mny  be  obtained 
W  this  process,  though  il  is  almost  impossible  to  free  It  entirely  from  fibrin 
ffnuent, 

Tbe  freshly  precipitated  pamglohnlin  is  perfectly  white,  is  insoluble  in  water. 
^ut  i«  Hcduble  in  dilute  solutions  of  .sodium  In'i-arbonate^  sodiunt  phosphate,  sodium 
fJtl«>rfde,  and  other  nentjal  Sidts  of  the  idkalirs.  These  solutions  coagulate  on 
liwitiag  like  ordinary  albumen  (Ijetween  t^CP  and  8(P  C\>,  and  when  diluted  with 
distilled  WHler  again  preri|iitate  the  tiaraglobuliu. 

If  paniglobuliu  is  added  to  certaiJi  serous  fluids,  such  as  hydrocele  fluid,  pcii- 
cartlinl  fluid,  and  serous  eflnsf<ms,  coaguhilion  la  instantlj  produced  tbrough  die 
^■Blfton  of  the  Iibrin  ferment,  which  always  contaminates  it. 

^K     There  rs  less  i>tin»  global  in  in  horses'  I^IihmI  than  in  oxen's  blmid— 0.3  to  0,5 
^Hr  cent,  in  the  serum  of  the  tbrmer  to  0.7  to  OH  per  cent,  in  the  bitter. 
^H^    Paraglobulin*  as  well  as  fibrinogen,  onginatea  in  the  breaking  down   of 
Hmite  Mood-corpuscles. 

The  fihrin  pTtfn' lit  has  never  been  obi td a cd  t>ure.     Its  aqueous  solutions  may 
lie  prepared  by  adding  15-20  volumes  of  tibsolute  alcohol  to  the  pure  Beruai  of 


havior  to  most  reagents,  does  not  diifer  from  other  albuminoids.  It  ii 
be  obtained  by  whipping  blood  as  it  flows  from  a  vessel,  and  then  w; 
coagulum  in  water  until  all  the  red  blood -corpuscles  are  remoTcd.  It  1 
a  snow-white  fibrous  mass  of  the  greatest  elasticity,  this  latter  proper 
ing  on  the  water  contained  in  its  molecular  interspaces,  for  dry  fibrin  i 
as  glass. 

Fresh,  s]>ontaneous1y  coagulated  fibrin  contains  within  its  meshes] 
titles  of  blood-serum,  which  are  pressed  out  in  the  contraction  of  the  t 

The  fibrin  formed  by  the  slow  coagulation  of  the  plasma  of  hoi 
]>ossesses  a  less  marked  fibrous  structure  than  the  fibrin  obtained  bj 
blood,  or  even  by  the  coagulation  of  other  mammalian  bloml.  It  is  n 
of  an  almost  amorphous  jelly,  which  will  fracture  along  any  line. 

In  hydrochloric  acid  of  from  0.1-0.5  per  cent.,  and  in  dilute  p 
acetic,  and  lactic  acid  solutions,  fibrin  swells  up  to  a  transparent  Jelly, 
out.  to  any  great  extent,  passing  into  solution,  unless  kept  for  some 
elevated  temperature,  when  it  is  nearly  all  converted  into  syntonin  and 
solution.  On  neutralization  it  is  precipitated,  the  precipitate  being  ii 
water,  but  readily  soluble  in  very  dilute  acids  and  alkalies.  Boile 
entirely  insoluble  in  dilute  acids  and  alkalies,  but  is  partially  soluble ; 
centrated  acids. 

The  cause  of  the  eonstnnt  fluidity  of  the  blood  in  the  living 
is  fouud  iu  the  iufluence  of  the  normal  vascular  wall  on  the  b 
taincd  in  the  vessels.     That  the  fibrin  factors  are  not  fonnd  iu 
blood  is  not  a  suflicient  explanation,  for  it  offers  no  reason  \ 
substances  develop  in  blood  outside  of  the  l)ody. 

Coagulation  occurs  as  soon  as  contact  with  the  living  hlo< 
ceases,  or  when,  through  various  causes,  the  walls  of  the  blo< 
lose  their  normal  proi^erties,  from  which  we  might  infer  that  fl 
iu  the  vascular  walls  prevents  the  development  of  the  fibrin  fiu 
injections  of  fibrinoplastin  and  the  fibrin  ferment,  or  transfusion 
colorcir'  Idood,  have,  as  an  immediate  consequence,  the  abunda 
tion  of  blood-clots  even  in  perfectly  normal  vessels. 

It  is  not  nccessjiry  for  the  blood  to  be  in  constant  moti 
vessels  to  prevent  coagulation,  for  the  circulation  nui3'  be  ar 
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,  The  BlooikSerum,— Blooil-pljiHmn  freed  from  filn in  constitntos 
blood-serum,  arid^  as  ahetu^y  stated^  may  l^e  obtnincMl  hy  wlluwiijg  bltK*d 
to  coagubite  in  a  glass  cylinder,  wliuii  the  gmdual  con  traction  of  the 
filirin  in  the  dot  presses  out  tlie  seriiuL 

Serum  is  an  alkaline,  triinsimient  tluid,  of  a  sj>ecilic  gravity  of  from 
102Gto  102D,  ainlier-yellow  in  the  horse's  blood,  ami  almost  colorless  in 
that  of  the  other  domestic  animals.  In  canuvora  and  omuivora*  as  well 
I  um  nursing  herbivora,  the  serum  is  olleii  milky  from  the  contained  fat- 
globules,  which  gradnally  rise  to  the  top  to  form  a  layer  of  cream  ;  this, 
however,  only  4>ccnr8  at,  or  shortly  after,  the  i^eriod  of  fat  alisorptiou. 

Ill  round  numbers  the  composition  of  scrum  is  as  follows : — 

Water. *        .  1*0  per  cent. 

Prtiteid8»  .......     8  tti  9    ** 

Fats,  extractives,  and  sails 2  to  1    '*      ** 

The  Aibumitmids  of  the  Serum* — The  follow! nj?  albuminoids  are 
bttnd  in  serum  :  Paraglobulin,  alkali  albuminate,  sernm-tdbumen,  and  fre- 
■^jQeiitly  jH^ptone. 

Para«jiobn[in  has  alreadj^  been  considered  under  blood  coapjulation  ; 
in  coRgulation  all  the  fibrinotijen  beeomes  solidified,  while  a  considerable 
RRiuunt  of  para*2:loitnlin  still  remains  in  tlic  serum.  The  amount  remain- 
ittgin  Solution  in  the  serum  has  been  estimated  at  from  LT  per  cent,  in 
tbe  rabbit  to  4.5  jjcr  cent,  in  the  horse. 

Attali  alfnunen  (sodium  albumen,  serum-casein)  is  precijutiited  by 
^ituit  neutralization  with  acetic  acid.  U  is  insoluble  in  distilled  water, 
l^Ht  readily  sohible  in  dilute  acid  and  aikalies, 

SertirnMilhumen  exists  in  lart^er  amount  than  all  the  other  albumi- 
noid?, the  serum  containing?  from  6  to  8  per  cent.  As  already  mentioned, 
't  ^liifers  from  egg-albumen  in  rotating  polarized  lltjlit  fifv^^  to  the  left, 
^hile  efrg-albumen  rotates  it  but  35.5'^,  and  in  its  behavior  to  ether  and 
•t^idg.  After  removing  paratclobnlin  and  alkali  albuminate,  serum-albu- 
-lay  ]>e  completely  coagulated  after  acidulation  and  dilution  by  beat 

The    quantitative   proportions    between   serum^lbumen  and  para- 

Riobulin   vary  in  diHerent  animal  speciea.      The  proportion,  while  not 

^^'en  constant  in  any  given  s|>eeies,  varies  about  as  follows,  par  a  globulin 

weiag  represented  by  the  numerator  of  the  fraction,  scrum-albumen  by 

^H« denominator :  Horse  jf^^^j.Ox  ^/H45t  ^^^^  tAt-  ^^^  T.ijj*  Habbit  ^Jy, 

Peptone  dirters  from  other  albuminoids  in  that  it  is  not  cofigulated 

^S"  heat  or  acetic  acid  and  potassium  ferroeyanide,  but  is  precipitated  by 

■b^nic  acid,  corrosive  sublimate,  absolute  alcohol  in  great  excess,  pbos- 

^Kpwolframic  acid,  phosphomolybdic  acid,  and  iodide  of  mercury  and 
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Its  other  characteristics  have  been  described  under  the  head  of 
Gastric  Digestion. 

To  detect  the  presence  of  peptone  in  IiIcmkI  serum,  all  Ihe  otber  albuniiiiiiti 
nuiBt  firsl  l»e  removed.  This  niuy  reudily  Ijt?  atvoiupHsbed  by  tuidinjj:  a  holufjna 
of  lu-flate  of  iron,  1o  which  a  few  drop?*  *»f  Bulphiite  of  troii  solution  Imvc  Imi 
added.  The  serum  iiiust  first  be  diluted  with  five  to  eiglit  volumes  ol  wutcr.  Leittd 
on  tbe  uuter  batbt  ^nd  the  inm  ^olulion  aud  then  euus^tic  hoihi  added,  uiJli1o»ly 
u  fill  11 1  aeid  rcMClion  re  ran  In  8.  A  thick,  brown  (irectpitute  then  (nlh,  and  \\\t 
fjupenmbiut  tisiid  is  free  from  iron  and  ilH  sdliuminoids  but  prpione.  tlie  prcscmt 
of  which  may  be  recugutzed,  after  flltmUou,  by  tJie  biuret  reaction.  , 

Peptone  is  only  found  in  the  serum  daring  and  shortly  alTcr  ftlbu- 
men  absorption. 

Other  Organic  ConslUuenis  of  the  Serum. — Sugar  may  l)e  detect^, 
after  reniovtd  of  iilbyininoids,  by  the  copper  test.  Sugar  is  a  con»t*irt 
constituent  f>f  the  serum  of  blood.  Its  origin  and  importance  will !« 
discussed  later.  Ox-blood  contains  0.543  pro  mi  lie  sugar,  sheep's  l>lood 
0.521   pro  mi  lie,  dogs'  blood  0.787  pro  mi  lie, 

Fut  \\i\ii  iiliciidy  bt»en  meutiontHb  It  is  tbund  only  in  scanty  ftro<»«nt, 
except  after  a  meal,  being  in  larfiest  amoimte  in  tlie  serum  from  suckling 
animals.  Steavin,  palmitin,  and  olein,  with  their  respective  soaps, ire 
the  princi|>al  rciu'esiMitaLives.  T!ie  odor  of  st*rtim  is  prolwbly  ihietofl 
volatile  body  of  the  fatty  acid  series.  The  yellow  color  of  sertiiu  is  dw 
to  tlie  presence  of  a  special  pigment. 

Lecithin  is  a  constant  cinii^tituent  of  the  ethere«l  extract  of  bM* 
serum.  A  large  proportion  of  the  phosplioric  acid  of  tbc  serum  is  cob^ 
tained  iu  this  botiy.  Its  origin  and  uses  are  not  well  nutkTsto^- 
Perhaps,  since  it  is  the  carrier  of  pho.riphorus,  it  is  of  sjiecial  iwivyttiJiCf 
in  the  nutritive  processes  of  bone. 

Cholesferin  is  also  found  in  the  ethereal  extract  of  blood-ser'ini.  Tr jid 
which  it  coaguhites  iu  wltitc,  pearly  flakes. 

Further,  small  amounts  of  urea  are  found  in  serum,  a§  vivli^^ 
krcatin,  kreatinin,  and  other  prcKluets  of  the  retrograde  mctani'jn*l]'>^'* 
of  tissues,  whieh  will  subsequently  claim  attention. 

The  Litjffjainv  Cifnt<iittn*nts  of  BhxKj-Serum, — Serum  yields*  a"^"!^ 
0.75  per  cent,  of  ash,  in  which  the  following  bases  are  foniid:  'Si.^* 
Ca,  Mg,  8i,  and  Fe  and  PA^^.  ^tSO,,  CO,,  and  CI.  K  and  Fe  artil 
extremely  minute  ipiantity;  Mg  and  Cain  somewhat  larger  ijuantitTt 
though  out  of  ]>ropottion  to  the  richness  of  the  organism  in  the**^  ^^'«* 

The  Gamut  of  the  Blood, — Oxygen,  carbon  dioxide,  and  air 
found  in  the  blood  in  conditions  of  loose  chemical   union  witlt  t'^'- 
blood  constittientH  (hiemoglobin)  and  in  solution  in  the  bloo<l*plssB*» 
whieh,  like  otlier  tluids,  is  capable  of  dissolving   a  certain  araouflt  ♦* 
ditterent  gases.     Their  consideration  will  be  reserved  for  the  chapter <i 
Respiration. 


SECTION   VIL 
The  Circulation  of  the  Blood. 

It  baa  been  seen  tlmt  digestion  is  tlie  prepamtion  of  food  for  ab- 
ftoq>tion ;  flbsorptioo  is  the  process  by  which  tlie  results  of  digestion 
itucli  the  interior  of  the  blood-vessels ;  but  that  thu  biood,  wbieh  by 
mmis  of  absorption  has  thus  received  the  nutritive  priiieiples  of  the  food, 
My  Mtinfaetorily  meet  the  uutritive  want^  of  the  ditfereut  tissues  of 
tbebwJ^^it  must  l>e  iu  eonstaut  motion.  The  eirculation  of  the  blood  is, 
tlimffjre,  tliat  funetiou  by  means  of  which  the  nutritive  materials  t«up- 
l>Hd  by  absorption  are  distributed  to  the  economy  after  being  subjected 
toiioration,  and  by  wlneh  the  refuse  and  ellete  materials  are  carrietl  where 
i«y  may  l>e  excreted. 
L  Gemeral  View  of  the  Organs  of  Chiculation, — Cireidation  is  an 
anic  function,  being  present  in  both  the  animal  and  vegetable  king- 

In  the  simplest  fbrnis  of  life,  both  animal  and  vegetable,  in  whieh 

orption  takes  place  by  imbibition  tVoni  the  entire  external  snrfaee, 

I  »peeial  circubitory  ap|)!iratus  is  required.     It  is  only  when  certain 

itl^s  become  specializeti  organs  for  aiisorption  and  others  for  aeration 

at  ft  necessity  arises  for  8<ime  apimratus  by  which  the  materials  ab- 

ifW  are  conveyed  from  the   point  of  absorption  to  the  resjjiratory 

gang  and  to  the  system  at  large.     The  develo|>ment  of  the  eireulatttry 

ans  is,  therefore,  proportional  to  the  degree  in  which  absori>tion  and 

IBlJimtion  are  limited  to  special  tissues. 

Aft   might  be  expected    from  the   definition  of  the  circulation,  in 

lowest  animals,  as  in  plants,  in  which  absorption  takes  place  from 

entire    external    surface,   there  exists    no   apparatus   for  carrying 

ft  cirenlatiou  of  thnd^  the  contractile  vesicles  seen  in   many  of  the 

Dtfjzoa    having,   probaldy,    rather   a   respiratory    tluin   a    eireulatory 

DctioD ;  it  is  only  when  the  digestive  organs  become  highly  s|>eciaJized 

a  circnlatory  appandns   appears.      Thus,  in   the  eadenterata   the 

atie  cavity  is  in  free  communication  witli  the  digestive  eavit>'  and 

the  exterior,  and  the  tluid  wlneli  it  Cf>n tains,  representing  tiie  blood 

kigher  orders,  is  moved  by  the  contractions  of  the  entire  liody  and  by 

'  vibrnlion  of  cilia  lining  the  somatic  cavity,  there  being  no  indication 

^either  a  heart  or  avascular  system.      In  the  turbellaria,  trematoda, 

cestoidea  the  lacuna*  of  the  mesoderm  and  the  interstitial  fluid  of 

(401) 
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its  tissues  are  the  representatives  of  a  blood- vascular  system — a  eondi- 
tion  closely  analogous  to  what  occurs  as  the  first  indication  of  a  cireuU- 
tioti  in  plants.  In  annL4nhi,  as  is  also  the  ease  in  the  rutifi^a,  we  fliiil  ^ 
perivifteer.ll  cavity  lying  betwt*en  the  splanehnopleure  and  the  muuiUy 
pieure,  communicating  with  the  segmental  organs,  as  the  water-VitscuUr 
system.  In  the  former  grouji  there  is  also  to  be  ft>imd  a  system  of  tunals 
(the  pseud o-lnemal  system)^  in  some  instances  communicating  witli  the 
perivisceral  cavity »  with  contractile  and  often  ciliated  walls,  and  coo- 
taining  a  c]ear«  sometimes  corpusculated  tlnid,  which  may  be  eitiiermi 
or  green  frrnn  tin-  |n*esence  of  a  substance  which  re^enibleB  hfemoiflolm 
and  which  is  evidently  of  a  respimtory  value.  Tliese  canals  alwajs  wm* 
nninieate  at  some  pohrt  b3-  a  tubular  stem  with  the  exterior.  In  tJie 
lowest  forms  tif  the  arthrojiotla  the  same  geneml  conditions  jioknl  in 
the  turhellaria  are  to  be  found,  viz.,  a  [K'rivisceral  cavity  and  aji  inter* 
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Fio,  ISn.— BTAcaiiAMS  TO  8now  trk  Arrancskmient  or  THF  Great  Btooi*- 

VfcHSKJJ*   JN-   WuRMS  and    lAiWKH  C'RUSTACKAXS.      {Jrp^fry  Brit.) 

A,  tnHhwi^rm  :  J).  4nntA.I  vomwL  II.  cr«yflsHr  A  A,  iuit«H»ir  imrf*;  PA,  lawltnttr  turtsr  H,  fcwrtn 
AT  Htiil  Ul\  tr«n«vef*4  v<it«*«|i  whirh  ■u|i|>lir  the  uiMfior  nigiefii  *Jf  lb*  k»jr  adJ  Ct**  viwam,  ST^ 
•t«riui.l  Jtrterr  ;  Si. A  mo4  lAA,  AMotnliii*|  mrUry. 


stitial  fluid,  in  w^hich,  however,  colorless  cells  may  be  detect^.  Inth* 
lower  Crustacea  and  in  many  insecta  w^e  find  a  single  elongate*!,?^'"*' 
times  segmented,  contractile  vessel,  the  dorsal  vessel,  provided  with 
lateral  val volar  o[K!ninga  by  which  the  blotni  enters  from  an  iaciown^ 
venous  space  or  sinns  (Fig.180).  In  the  anotlon  (Fig.  18K  C)  thesil**ct* 
or  sinuses  are  much  more  develoi>ed,  and  no  traces  of  a  ventral  t^*'***' 
are  now  to  be  seen  ;  the  tho'sid  is,  however,  shown  by  tlie  heart,  witbil* 
anterior  and  posterior  aort.R%  while  the  terminal  parts  of  I  he  tniJi'*^^'^ 
vessels  become  enlarged  to  form  the  auricles  of  the  lu»art.  hi  ilic  hiiliM!'' 
Crustacea,  as  in  the  lobster,  there  is  a  single,  well-tleveloi>ed,  iiaisftthiv 
systemic  dorsal  heart  surrounded  by  a  venous  a  in  us  and  givinu'  ^*^  * 
number  of  arteries,  which  jmss  into  capinaries ;  but  the  venouj^  >\*t^ 
still  remains  more  or  less  lacunar.    In  the  mollusca,also,  the  samegnwlio^ 


CIBCULATION  OF  THE  BLOOD.  493 

tiflbrentiation  of  the  blood-vascular  S3stem  is  obserA-able.     In  some  of 

the  lowest  forms,  as  in  polyzoa,  neitlier  a  contractile  heart  nor  CA-en 

vessels  can  be  detected;  circulation  in  them,  as  in  lower  forms,  being 

curled    on    by   mere    imbibition.      In   the   tunicata   the  heart,  whose 

position  closel}'  resembles  its  A'entral   situation   in   the  vertebrata,  has 

.     lOTalTes  between  its  dilated  chambers,  and  the  blood  is  propelled  by 

f    opposite  i)eri8t:iltic   movements,  first    in    one   direction  and   then   in 

l&other ;    hence,  here  the  heart  is  sometimes  systemic  and  sometimes 

lespiratory.      The    most    perfect    form    of    circulation    found    in    th^ 

voUosca  exists  in   the  cephaloiwda.       In  them  tliere    is    a    systemic 

Irentricle  provided  with  valves  at  its  orifice,  with  systemic  arteries,  the 

Wood  being  returned  into  a  large  venous  sinus,  from  which  it  passes  to 

Utt  gills  through  contractile  vesicles,  the  branchial  hearts,  which  serve 

to  propel  the  blood  through  the  gills;  from  there  it  passes  again  into 

H 


Pio.  181.— Diagrams  op  the  Great  Blood-vessels  in  the  Fresh-Water 
Mussel  and  the  Fisri.    {Jvffref/  BclL) 

^  fraih-wat«r  miiMel:    II.  heart:   AA.  anterior,  and   PA.  pr»iKerinr  anrtie;   A,  auricla.    i),  flih:   II, 
heart:  BR.  branchial  vesMli;  DA,  dor«aI  aorta. 

contractile  venous  sinuses,  which,  therefore,  act  as  auricles,  and  is  then 
driven  to  the  heart. 

Thus  we  find  that  in  the  invcrtebrata  the  circulatory  apparatus,  even 

in  the  highest  forms,  contrasted  with  what  we  shall  find  in  the  vertebrata, 

floes  not  consist  of  a  continuous  series  of  tulles,  but  that  the  blood 

passes  from   such  vessels  into  spaces  (lacunie  or  perivisceral  spaces) 

without  distinct  walls.     Connected  with  the  vessels  we  often  find  several 

pulsating  cavities  more  analogous  to  the  lymphatic   or  venous  hearts 

found  in  the  vertebrata  than  to  a  true  rospinitory  or  systemic  heart. 

When  a  heart  is  present  in  the  invertebrates,  it  is  single,  is,  as  a  rule, 

placed  on  the  dorsal  aspect  of  the  IkkIv,  contrasted  with  its  ventral 

position  in  vertebrates,  and  is  of  a  systemic  and  not  respiratory  function. 

In  the  invcrtebrata  there  is  no  trace  of  a  portal  system,  the  liver  being 

Bopplicd  by  the  systemic  arteries. 


4D4 


PHYSIOLOGY  OF  THE  DOMESTIC  AKIMAL3. 


ii 


111  the  verteljmta,  arapliioxus,  the  lowest  form  of  fish,  lins  a  s^'st^ 
of  |jloiMl-ve8seb  with  coutmotile  wiills,  but  no  distinct  heart,  while  in  dll 
tlie  other  vortebnites  there  is  si  hesirt  with,  iit  fewest,  three  chamberi J 
(sinus  venosus,  atrium,  ventricle),  arteries,  capillaries,  and  veinfl,  and  ftj 
^  system  of    lymphatics    connected    with  ibt  | 

veins.  In  niiiny  of  tlie  lower  forms  of  vert<s 
b rates  we  still  find  large  venous  fiiauseA,  hit 
in  the  higher  forms  these  are  for  the  mml 
part  re  phi  tied  by  detinite  vessels  with  nius- 
ciihir  walls»  Important  jieculiiinties,  baw- 
evcr,  exint  in  the  vascnhir  systems  of  the 
vertebrata  dependent  upon  I  lie  elm  meter  of 
their  rcHi>iration,  whether  puhnonatcd  or 
air-breathing,  or  branehiated  or  water* 
breathing;  and  fnrther,  as  to  whether  theli 
blood  is  warm  or  cold.  Mammalia  and  hii^ls 
S>rt3SJ!'  ^■"'^''''^  ^•^"''^^•f     are  included  in  the  group  of  warm-blttwltd 

pulnionated  vertebmta  ;  reptiliaand  aniphi1)i& 
in  the  group  of  cold-blooded  pnlnionated  animals  ;  and  fish  constitute  1 
the  group  of  cold-blooded  branchiated  vertcbrata. 

In  all  of  these  animals  the  character  of  tlic  circulatory  apparatus 
depends  upon  the  manner  in  wiiicii  the  blood  is  oxy- 
genated ;  therefore,  in  those  animals  (certain  of  the 
amphibia)  which  commence  life  as  branehmted  aid- 
nials  and  subsequentl}*  bec^ome  pulmonated,  we  tiinl 
tiuit  their  cireidatory  apiwiratusi  Iteconies  modilied 
aeconlingly,  and  presents  two  ditfeixint  styles  corre- 
sponding to  the  stage  of  their  existence.  In  all  fni-ms 
of  vertebrala  a  portal  system  is  present — that  is, 
the  liver  receives  a  si>eeial  supply  of  venous  blood 
derived  from  the  systemic  capillaries  of  the  abdominal 
organs. 


Flo.  1S2.~ Diagram   of  titk 

Clltt  ULATtUN  IS  THE  FlSK. 

ilonal   a.rt»Tj,  or  Aortfe;    C,  tta- 
ijrrtt.iMi ;   U,  Mtiiei* ;    V,  vantrielc 


IZ 
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Fio.  IM^^Fuur  OF* 
('jRcrrATit>3f    IX 
THK    Fi»M.     (Otrw 

C.   (trBitcdiB]     AftBrT;     l\  ■ 

FlO,   181— DlAORAX    OF   TICK    ARTERIAL    CiRClTI-ATTOJI    IX   FlSHES,    vniti'u    tft    F,  tto  t-M, 
AFTER  Wl£L»EH8U£lM.      {Jtjftfy  BtU,)  G.  vwu^cftTa. 

In  fishes  (see  Fig.  181,  i?),  the  lowest  forms  of  vertebrates^  the  heart] 
consists  of  a  single  auricle  with  the  sinus  venosus,  which  is  always  pre^at,  j 
and  a  single  ventricle,  the  former  receiving  the  dark  venous  blooil  firom  the  1 


J 

I 

I 


Fm<  mBu— riRm.ATORT  Apparatus  i^ 
TJiE  Fmu.    iOufen,} 

J  vflnJi  1    II,  ve«trirt1«  ;   A,  auHc]«  :    L  I^  fiwrtat 

<MiM;  A'  A'.  •<tr(*:  IC  kldn«r. 

Th«  kiwiir  Airarw  •Ikowff  bq  «iilarf«(]  tfUprmm  of  s 
■fn»M«l  «.nrh,  lite  taUari&g  tMing  tli«  mom  u  iU«v«» 


Fio.  1S7,^Heart  nF  FroO,    (IJtHfn,) 
I.  antahtif  rVfW;    II,   f)i««t«rj<or  Tbw,      AA^Nortw; 

ViLr  bepati«  vetbi ;  Vf ,  |nitnhitifl.rjr  irviti*. 


leratlon  in  the  capillaries  of  the  pjills,  the  hlood  is  then  collected  by  the 
hmiiehlnl  veins,  which,  miitiii*^  into  a  single  arterial  trunk  situated  on 
tbe  tlorsal  aspect  of  the  alimentary  caoaU  and  correi«[»onilinj^  to  the 
of  higher  vertebrates^  serves  by  a  system  of  hrancljing  vessels  to 


496 


1*HTSI0L0GY  OF  THE  DOMESTIC  ANIMALS. 


diitrUMtte  tbe  nrterizil  blood  to  the  By^tem  at  large;  wlienee  H  is  fl^in 
retu tailed  by  the  venous  Bystenif  after  parsing  ll* rough  tlie  #v>t«fliic 
capilhiries  to  the  auricle  (Fig,  184),  In  fishes,  th**refore,  tbtj  ffsniMfa. 
tory  sp]Jarntu«H  funns  n  part  of  the  geueml  systemic  drcfiilsitirm,  th 
htnirt  V/eiiij^,  UM^r4*lV>n*,  a  branchial  and  not  a  systimiic  orgnfi,and  tlii'cir^ 
rtihitiuii  1>eliig  Ktifipk  iustead  of  iraperfeetly  douMi*,  as  iu  tli€  ivpliUaKor 
|MHti*ctly  ilouble,  ne  in  the  warm-bh>Oiit^d  vertebrate*  In  tlic  W»  i 
|ifii*tril  svst<?m,  c'Oinim?*r(U  as  in  all  vertebmtus*, of  Vi.»iiis  tfomih.vdhmim 
uii|inratus,  coTidnct.s  the  l^lood  from  the  ulMlominal  orgam  Ihrooijh  tli^ 
kidurys  and  livtr;  h^nve,  hi  the  fisb^  both  these  ghinda  receive  vowfl* 
bloud  (Fig.  185). 

In  the  reptilia  the  heart  consista  of  two  auricles  and  one  vmWfk 
(Figs*  180  and  1^1).     The  right  auriulc  nicdve^  venous  blood  fromtlie 


\ 


^  ^ 


FlQ.  188.— Dr  A  ORAM  OF    THE    rmCtTLATlOW 


Flo.  IHfi  — TilACKAlf  OF  TlfE   niMTt*W* 


pyfitem  at  large;  the  left  auricle  receives  arterial  blood  from  the  Uing«; 
botli  diJ^clmrge  their  couteutH  into  tht;  single  ventricle,  which  th*i*  ^ 
ceives  a  mixture  of  venous  and  arterial  bloo<l.  From  the  venldclf  tk 
blood  is  driven  partly  tli rough  the  lungs  and  partly  to  the  ^r^f^ 
system,  so  both  lungs  and  s^ystem  receive  a  partially  aemtiwJ  ^^^ 
fonijiug  lui  iueonijilele  double  circulation  (Fig.  188  and  \^^y  ^* 
the  repliliu,  as  a  rule,  there  is  a  distinct  arterial  and  dis^tintt  pflJ- 
inonary  truuk  arimng  Irom  the  ventricle,  luit  in  the  amphihb  tkit  * 
oul}'  a  single  trunk,  of  which  the  pulmonary  art4»ries  are  branches, miof 
from  the  ventricle.  In  the  crocodile  there  exists  a  psirtial  veiitmolif 
septum^  so  plnoed  that  it  serves  to  direct  the  dark  venous  blood  entL'rinj 
from  tlie  right  auricle  chiefly  into  the  pulmonary  arteries*  iriiil*t  1^ 
arteri&L  hlcrod  eomiiig  from  the  left  auricle  is  sent  out  into  ike  fi)$t^ 
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'^  jmlirieft,  tliiis  closely  approaching  the  double  circulation  of  birds  and 


(Fig.  190).  A  portal  circuhition  is  also  present  in  the  cold- 
\  .UoQded  piilmonated  vertebrata,  and,  as  in  the  iishes,  is  connected  with 
:   ths  renal  veins. 

In  birds  the  heart,  as  in  man,  consists  of  four  cavities,  two  auricles 

•Bd  two   ventricles,  and   the   general   distribution   of   the  circulation 

vUie  same,  i.e.,  the  right   auricle   collects   the    blood  from  the  sys- 

tooic  veins  and  transmits  it  to  the  right  ventricle,  which,  bj-  means  of  the 

iplmonary  artery,  forces  the  blood  through  the  lungs.    From  the  lungs  the 

oijgenated  blood  is  carried  by  the  pulmonary  veins  to  the  left  auricle, 

frwa  there  to  the  left  ventricle,  and  thence,  by  means  of  the  aorta  and  its 

^■Miches,  to  the  system  at  large.     There  is,  therefore,  in  birds  a  j^erfect 

^ble  curculation — a  pulmonary  and  a  systemic  circulation  (Fig.  191). 


Fio.  190.  —Heart   op    the    Crocodile.  Fig.  191.— Diaoram  of  the  CiRcrLATiow 

(P**rrier.)  in  Hihds  and  Mammals.     [Carpenter.) 

^•''^^**aiviB:   fc.  riKht  aurifle ;   r  ripht  ventricle;  A.  lie.irt:    IJ.  vt'im  cnvti;    C,  riirht  auricle:    D.  riithi 

fl.w<'^**^»^ele:  r.  pnlmonnrv  veim:  /.  left  Htirivle:  A  h'.  ventric'e:   K.  piiliiionurv  art«rv  :  F.  piilmonic  cd|>illHriw: 

vnc;  ||-   ^ftcwnd  arrh  of  the  aortjp.  in  which  arterial  and  G.  left   niiriole  ;    II,  left  ventricle;    i,  aorta;   J,  8}fltenii« 

^fWAJMioo«l  ii  mixed ;  g,  pulinonary  arteries.  eai'illaries. 

The  \>ortal  sj'stem  is  also  present  in  birds,  nnd,  as  in  the  lower  verte- 
brate, receives  branches  from  the  kidneys  juid  from  the  lower  limbs. 

The  circulation  in  mammals,  of  which  man  may  be  taken  as  a  type, 
deaerves  to  be  treated  at  somewhat  greater  leiifith  tiian  tlie  circulation  in 
inferior  organisms.  As  in  other  vertebrates,  with  the  exception  of  the 
openings  of  the  larger  lymphatics,  the  blood  is  contained  in  a  com- 
ptetely  closeil  S3'stem  of  vessels,  whose  course  and  general  arrangement 
'^e  will  first  trace  in  outline. 

The  circulation  is  carried  on  through  a  system  of  tulK?s  of  different 
/unctions  and  different  properties.  These  are  :  (1)  the  central  organ,  the 
iieart,  a  hollow  muscle,  which  serves  as  ])oth  a  pump  and  a  reservoir, 
divided  into  four  cavities,  two  auricles  or  receivers  of  l»lood,  and  two 
ventricles  or  pumps  (Fig.  192);  (2)  the  arteries,  a  system  of  musculjyr 
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und  ekstic  tubes  coming  off  froin  tlie  heait,  mhidi  gmdnalk  iiil# 
vide,  like  tha  trunk  of  n  tree,  into  branelic§,  and  which  serve  to  earn 
oxygenutpd  blorxl  to  the  ti^svie^j  (3)  the  veins,  nnollier  s>'st«m  af  bmncl^ 
ing  tiilx^s,  also  elastic  and  Timsciilnr,  but  less  so  than  the  artcrlt^a,  wtiirii 
conduct  to  the  heart  the  blood  collected  from  (4)  tbe  cfipSllarks,  ta 
ejstem  of  fine  tube**  eitiiatcd  between  the  arteries  and  the  \<nm,  % 

III  inan,  as  in  other  mammalB,  we  have  to  deal  %vith  a  iUmUv  dm- 
lation — the  systemic  circulation  and  the  pubnonic.  Their  ^cncml  (mt. 
Ihie  may  be  given  as  follows :  Starting  from  the  heart,  the  ivrl<^ri*l 
blood  leaves  the  left  ventricle  through  the  aorta,  which  ioimt^^JuitfJ? 
gives  otT  two  vessels,  the  coronary  arteries,  for  iiourbhiag  the  mm 
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Fici,  192.— fit  A  nil  AM  OF  Mammalian  He  art,    (B^elard.} 

ff,  3rt\  TfpnlTlicfp  :  ft,  right  \CTt(ric]pc  r.  Itfft  au^iI^I&;  J,  ri^bt  Aflrid*;  /^  Aiitla  H:  '•"P'^^fJ 
■rf-ripp  h,  Internet  vma  c*vji ;  t,  pugtrrlor  rtn*  fUri  ;  *;.  flrifln»f»r  Ch«  itiir**^^  wo*  «t*f  t  w^" 
thd  hiiM<rii»r  vend  ewr*.  nj,  (iralKw  ^if  the  tfipunary  vwn  ,  ",  Heft  pulmi^n«z|^  ralia«;  ^,  rijBiA  ^ipi*'? 
%«jri;*;  r,  ortttws  Mt  ihtf  right  LjalmMiuiry  vnitu;  i,^Jn'tt4jc  ufbbit  Ion  puLEumarj  v«al 

of  the  iionrt  itsi'lf;  the  aorta  then  divides  into  branche«t»  «*liicli  tbefr 
sclve*i  bi^fonie  successively  sulKlividcd  to  9U|»ply  arterial  blood  lo  J* 
head,  Innjic,  liiiibft,  und  all  the  organs  of  the  l>ody,  tho 
bei'oniijt^  (IrMilly  po  minute  as  to  allow  merely  the  pas^ige  of  a 
lilood-curpuscle,  forming  then  t!ie  so-called  aipiUary  vessels.  Fro* 
enpiilariL's  the  blootl  is  again  collected  by  cnnver^':ing  venous  ranii 
which  linally  are  united  to  form  two  main  venous  trunks— tlie  ff* 
rnntr  stttperior^  bringing  the  blood  from  the  head  and  npper  extn-niitiA 
fvnd  the  vena  cava  fti/en'or,  collecting  the  blooil  from  the  trunk  *^ 
iuwer  limbs.    Both  of  these  large  veins  empty  into  the  right  aurivl*^  ^  ^' 
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feting  tlie  circuit  of  the  greuti^r  or  systemic  circulation.    From  the  right 
ftaiicle  the  blood  is  emptietl  into  the  right  ventricle,  from  wbioh  it  is 
forced  b}-  the  heart's  contractions   into  a  single  large  trunk,  the  pul- 
oionjiry  artery.      This  artery,  whicli,  however,  contains  venous  Mood, 
loofi  divides  into  two  trnuks,  one  goin^^  to  each    lung,  each  of  which 
divides  ami  sulxlividea  in  the  hi ng-t issue  to  form  a  second  c^jiillary  net- 
work, in  which  the  dark  venous  blood  is  subjeeted  to  the  intkience  of 
the  air  (contained    in    the    air-celh.  gives  up   its   carbon   dioxide    and 
eertaiii  organic   impurities,  and   absorlis 
oxygen, lH?eom in g  again  bright-red  artennl 
Hood.      Hi**  then  collect*?d  i»y   the  pul- 
moimry    veins    ami    carried    to    I  be    left 
anriele,  thus    completing    the    lesser   or 
Vulmonary  circulation,  and    bringing    us 
Unk  to  the  i>oint  from  which  we  started 
<  Fig,  194). 

1  The  Action  of  the  Heart. — The 

t'iriMitattou  <if  the  blood  consists  in  tlie  con- 

iiiuous  movenieut  of  the  tilood  in  a  scries 

faiflifviiig  tubules  or  blood-vessels,  and 


/} 
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IKAHT  or  DraoxQ.  showino  tut-  Rkp- 
_?ta3i  or  THE  nifJHT  AM»  Lfkt.  *>m  Pul- 
iTAIlY  AKD  SVSTKMIC  HkAKTS.     (PttTit-r,^ 


Fio.  ifll.— KntKMK  or  tuk  riRCF- 

J.  A  T I  it  X  I N  M  A  M  M  A  I  .J*.  {  Lft  tidois^  ) 
A,  njcht  anricVe  ;  A.  r\tUi  ntiirielit :  li.  Itgia 
»urfe1«:  fl.  left  Teiitricia:  I,  irulmoiuri^  a.rt«rjr ; 
2.  aorta.  M^h  HmniiQ^r  vatv««:  L,  ara*  at  t<uI- 
miin&rr  cintilMiiua  :  K.  an*  of  tjatsane  elrau- 
latioD  '1b  ira*ri'>n  rup|»1jiair  th«  «itf«ri«>r  veuji 
«Avft.  o:  G.  aru  fTafqilj-iiif  tb«  inferior  T«ot 
tmnt,  n  r  d  d,  Ut««iif»« :  m,  in««Mitorie  vrtmry ; 
*l,  |iort*l  vtiu  ;  L.  lliv«r;  b,  ImiwIIc  t«)b* 


o^n  its  maintenance  largely  to  the  motor  power  derived  from  the 
coiitmctions  of  the  heart.  The  circulatory^  apparatus  consists,  there- 
fore, of  the  heart,  the  arteries,  the  veins,  and  midway  l^etwcen  the 
latter  the  capillaries.  The  conditions  which  govern  the  movement  of 
the  blood-current  in  these  diflerent  parts  of  the  circulatory  apparatus 
wiJI  !>e  stiiditHl  in  tunu 

The  heart  is  a  muscular  reservoir,  divided,  as  already  indicated,  in 
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mammals  into  four  cavities^  two  niirieles  and  two  yentncles.    In  Iti 

fuiictioii  it  nets  (iH  a  fijrce-pnm[>,  and  by  tlie  contraction  of  tts  walll 
empties  tli€  contents  of  its  esu ities  into  tlie  aiterial  liranclies  in  eanute* 
t ion  with  tbem,  and  there tbru  is  the  starting  point  of  the  eircnlatioD.  In- 
action as  a  pump  is  therefore  mainly  piiysieal,  the  effect  produced  byiU 
contractions  being  trover  net!  by  tlicir  fretiuency,  force,  and  fUanu'left 
and  the  quantity  of  blood  ejected  at  each  heat.  Its  physical  propertid^ 
as  indicated  by  the  above  considerations,  are  governed  by  a  iitunln^ 
of  vital  conditions,  which  modify  the  vnrioiis  charaeterB  of  oirdlil 
pulsation.     These  will  Inter  demnnd  attention. 

Tlie  heart  consists  of  interlacing  nmscniar  fibres,  which  ari:  taic1va| 
iwtween  the  striped  and  nn striped  muscular  tissues.  They  «H 
extremely  short,  transversely  striated,  are  devoid  of  sarcolemraa, 
are  usnally  bifurcated  at  their  extreinitiea   and  anastoniosi'  with 
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Flo.  UiS.— Aruanoemest  o?   Mi-flruLAR   Fibres  rK  the  AnuciJS  AStD 
1  i  K  T :  \  r  \  K 1  ?f  s.    C  t'ftndoiM.  i 
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other.       In  the  tubular  heart   of  the  embryo,  microscopic  ias] 
shows  that  the  mnscnlar  fibres  may  at  first  Ik?  resolved  into  un 
circular  and  an    inner  longitudinal   layer  of    fibres.      And,  from 
fact  that  at  first  the  heart  consists  of  luit  one   chamber,  it  is 
that  a  part  of  the    fibres    at    Iciist    must    be   eomraon    to  thu 
auricles  and  a  part  nlso  to  tlie  two  vontriclcs.     While,  however, 
true,  the  muscular  fibres  of  the  auricles  are  completely  eeprate^ 
those  of  the  ventricles  by  the   fihro-cartilaginons  ring:8  of  the  m 
ventricular  orifices.     In  adnlt  animals  tlie  fnnilamental  circuUf  fti 
raent  of  the  embryonic  fibres  partly  remains,  while  in  the  n^nirieJ 
the  septum  becomes  formed,  the  flbrea  become  twisted  into  the 
of  spiral  loops.     The  arrangement  of  the  muscular  fibre^^  in  tlif 
ent  cavities  of  the  heart  serves  to  a  considerable  degree  to  esi 
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I>hysiolotric?al  characteristics  of  the  di-fferent  canliiic  cavities,  tliis  pliysio- 
logicjil  tliJftH'cnce  dupeiiding  ii|ion  the  anatcmiical  structure  of  tlie  diHi?reiit 
pftrts  of  the  heart,  as  has  been  clearly  traced  out  hy  Laiulois  whose 
rfescription  of  this  Buhject  Ijas  been  luainly  followed.  lu  the  aurieU's 
the  fihroii!§  aurieulo-veiitricuhir  riiij^s  serve  to  separate  the  auricular 
mtiscukr  fibres  from  the  ventricles,  and,  therefore,  serves  to  exphiiii  tlje 
fael  tlmt  the  auricles  are  enabled  to  contract  indepeiideiitlj  of  the  veii- 
tficle^i. 

In  the  anrielegthe  muscular  fibres  are  arranfred  in  an  external  trans- 
Yem*  layer  continuous  over  Ijoth  auricles  ancl  an  internal  lontritndinal 
/»rer.  This  double  arrangement  of  the  filircs  enables  them  in  their 
Contraction  to  produce  a  uniform  diminution  of  the  auricular  cavities 
195). 


Ftg,  inS^^Comisit  of  the  VEifTBirrrLAR  MrBCPi^Aii  FinREa    {Lftndfyijt.) 

A,«li  th*  JiMiittnor  fiictecv;    U,  vt«ir  of  tbt  ftoai  witli  Vhm  vort«x  (Hf^U)  ;    C,  •cheme  uf  tli*  wutm  u1  iht  lltkm 
i»ltbio  tiM  TmtriQaUr  wbU;  D,  Bbrw  pMii&g  into  a.  jtaplllB^jr  maicl*  (l\  Ludtcttf}- 

At  the  Openings  of  the  large  veins  into  the  auricles  there  is  a  special 
I^Jvelopment  of  circnhir  l>ands  of  strijK-d  mnscnhir  filire,  Tlie  contrac* 
S^n  of  the^e  bands  enalilcs  the  veins  to  empty  themsflves  into  the 
Wtriele  and  also  serves  to  prevent,  to  a  certain  degree,  backwani  reflux 
^T'  the  blood  tVom  the  auneles  into  the  veins  when  the  anrick*R  contrnet, 
'^'tMi  though  no  valves  are  present  in  these  vessels.  In  the  ventricles  the 
•^^Wfs  are  arranged  in  a  numlier  of  separate  layers  so  as  to  fonn  fignre  of 
]oo|>s.  First,  there  is  an  outer  longitwlinal  la^^er  which  is  in  the 
^ITU  of  single  bundles  ou  the  right  ventricle  ajid  forms  a  complete  layer 


1 


PHYSIOLOGT  OF  THE  DOMESTIC  ANIMALS. 


on  the  left  ventricle,  constituting  about  one-eigbth  of  the  tbickness  of  tl 
ventrirulur  wall  (Fig.  19G ),     **  A  second  longitudinal  layer  of  fibres  lies 
tlic  inner  surface  oT  the  ventricles^  diytinetly  visible  at  the  orifices^ 
within   the  vertienlly  placed    papillary   muscles,  while  elsewhere  it 
replaced  l»y  the  irregularly  arranged  trabceula*  earn^e.      Between  tbil 
two  layers  tliere  lies  the  thickest  layer,  consisting  of  more  or  less  tranf 
versely  arranged  bundles,  which  may  be  broken  up  into  sLuglc  la  yen 
more  or  less  circularly  disposed.    The  deep  lymphatic  vessels  run  hetwtfiO 
the  layers,  while  the  blood-vessels  lie  within  the  substance  of  the  InrefS, 
and  are  aurrouiKlcd  by  the  primitive  bundles  of  muscular  fibres  (U^'ultfj 
All  thi'ee  layers  are  not  eomi>letely  independent  of  each  other:  oittlift 
contrary,  the  fibres  which  run  obliquely  form  a  gradual  transition  belwcfS 
the  transverse  layers  and  the  inner  and  outer  longitudinal  hiyers,    hit' 
not,  however,  quite  correct  tu  assume  that  the  outer  longitndiaal  la}*«r 
gradually*  passes  into  the  transverse,  and  this  again  into  the  inner  longi- 
tudinal layers  (as  is  shown  schematically  in  C,Fig.  19G),l>ecanse,iu>HenIc 
pointed  out,  the  ti-ausverse  fibres  are  rehitively   far  greater  in  hiuuujiI 
In  general,  the  outer  longitudinal  fibres  are  so  arranged  as  to  crtmllw 
inner  longitudinal  layer  at  an  acute  angle.     The  transverse  layiTs.  Ij'd? 
between  these  two,  form  gradual   transitions  between  these  chrectioa^ 
At  the  apex  of  the  left  ventricle  the  outer  longitudinal  fibrt?fl  bendor 
curve  so  as  to  meet  at  tlie  so-called   vortex    (Wirbel),  B,  mid  wlirfe 
they  enter  the  muscular  sul)stanees,  and,  takii»g  an  upward  and  inv^i^l 
direction,   reach   the   papillary   muscles   (Lower),  D,  althouiili  it  is  * 
mistake  to  say  that  all  the  bundles  which  ascend  to  the  papilhirvm«»J*s 
rise  from  the  vertical  fibres  of  the  outer  surfiiee ;  many  seem  to  ri6€ii>J^ 
pendently  within  the  ventricular  walls, 

"Aecordiug  to  llenle,  all  the  external  longitudinal  fibres  do  oat ri« 
from  the  fibrous  rings,  but  the  roots  of  the  arteries." 

Tfte  MovemenlH  of  the  Ileart.^Thi}  movements  of  the  heart  can  I* 
most  readily  studied  in  tlicir  simplest  form  in  the  frog. 

The  biitnielimn  heart,  as  seen  in  Fig.  1S7,  Is  an  egg-shaped  miuis  sliv'T»'^y ^ 
toned  nt  thn  Hides  iind  nmrked  l>y  a  furrow  which  crosisie»  the  heiiri  ii<  ' 
angles  ti»  its  axts.  divjdinj^  llie  lies^rt  (in  nn  anterior  view)  into  an  uj, 
part,  {hv  twfi  luiricles,  imd  a  hiwiT  conical,  t!ie  single  ventricle  ;  the 
thee  ol'  ilir  ventricle  is  also  niark<'d  hy  a  ^li^hl  (groove  incHuini^  rnmi  :i 
wanl  townrd  the  right  of  llie  heart.     Anteriorly,  th»*  venlricU*  i'  ^' 
tiauiiiis  Willi  a  cylindrical  prominenee,  the  bulhis  nrttrvni\if,  \vi 
the  right  auricle  and  divides  intn  the  ritrht  and  left  aort^e.     In  _ 

terior  part,  tlic  right  nurifle  \%  seen  to  be  conliniions  with  a  huHmr  rJk|<ai 
the  inferior  vena  Ciiva,  whicli  receives  the  name  of  the  iinuM  ^nottt*,  ihc^ 
junction  of  the  »inn^  wiih  the  suiricle  Ijeinir  niarked  by  a  slight  furrow, 
auricles  are  separated  from  each  other  hy  an  antero-tms^terior  »eplum,  ini 
al  its  lower  niargin,  wht-re  Ihe   two  minrles  comtnuoieate  through  »  <*i-        ^ 
opening:;  the  openinjxof  rhe  mnus  into  the  andrle  is  marked  by  ton  Euitacli** 
valve,  whicli  hangs  downward  and  ti^ward  the  right. 

The  jiuriculo-ventrieuhir  vsdve  rj>nsi«is  of  an  anterior  and  posterior  s*fn^ 
each  of  which  is  coalinuouB  at  its  edge  with  the  inter-auncular  septum. 


expose  the  heart  of  a  chloral izpti  frog,  the  intetrviment  is  divided  OA-er  Ihe 
"ium  iiud  Ihe  anterior  wall  uf  the  upper  purl  o(  tlie  vj^eural  caviij,  which  h 
theo  to  be  carefully  opened  so  as  in  e.vjKise  the  pericrtrdium,  taking  eare  not  to 
wound  the  large  sibdoiuiiiiil  vein.  The  pericardium  is  ihun  ciirefuUy  slit  wp  atid 
the  puli^Atin^  heart  exposed.  A  ltir|::e  gliiss  nnl  is  now  thriisit  dnwn  tlie  ci-sophagus 
(if  liie  jiiiimal  so  aa  thoiougbly  to  dibteod  the  parts  and  brini^  the  heart  mure 
promiaeatly  ibrwurd* 

On  directing  attention  to  the  series  of  movements  which  constiltite  a 
caBlific  resolution,  taking  first  the  anterior  view  alone,  the  wnve  of  con- 
tmetinn  i?*  di^^tinctly  seen  to  comtnenee  in  the  auricles.     The  nnrick*<i  be- 
ctmie  distended  and  full  of  blood  ;  they  suddenly  coivtraet  mid  tfsinsfer 
[tbeir  contents  into  the  etnpty  and  relaxed  ventricle,  whicli  is  now  gorged 
rith  hload,  but  it  is  not  until  the  nnrieulur  contnietion  is  complete  that 
lie  ventricle,  in  its  turn,  contracts  and  discharges  the  Mood  into  the 
tiaxed  bulbus  arteriosus,  which  l>ecoraes  distended  and  finally  forwards, 
I  its  turn.  Its  contents  to  the  arterial  system.     From  the  fact  that  while 
tiie  ventricle  contracts  the  anriclcs  are  already  filling,  and  that  the  ven- 
tkle  does  tiot  contract  until  the  anrieiih*r  contracting  is  conijdc^e,  it 
Ivoukl  ttpiH'ar,  on  superficial  exaniination,  as  if  there  were  a  const:int  inter- 
Itlumj^e  of  contents  between  the  ventricle  and  auricles.     But  on  lifting  up 
l4lje  ventricle  and  dividing  the  little  band  which  connects  its  poKteiior  snr- 
fAre  with  the  pericardinni,  so  us  to  expose  the  posterior  portions  of  the 
heart,  the  true  se(iuenee  of  contraction   is  irnnietl lately  evident     The 
j  iave  of  tntisctilar  conlraetion  distinctly  originates  in  the  ainns  vemtsu)^, 
extends  to  the  auricles,  and  it  is  not  until  their  contraction  is  complete 
timtlhe  ventricle  contrjicta ;  but  by  this  time  the  sinus  is  again  already 
fn  II  in  I  d  t  h  *'  a  1 1  ri  <  ■  I  c  s  ti  1 1  i  n  g,     T  h  e  re  fc  >  re ,  w  1 1 1  le  the  ve  n  t  r  ic  n  1  a  r  c  t  >n  t  ra  ct  1  <>n 
w  determined  liy  that  of  the  auricles,  nnd  the  aurictdar  by  thjit  of  the 
sii»is,tlie  contraction  of  the  latter  originates  independently  of  any  previ- 
ous movement. 

Tills  sequence  of  ronlrartion  may  he  graphically  represented  by  restiti^  a 
IfTerof  the  «^ecoad  elasH  on  (he  coatniitiiig  heart  in  such  n  manuer  that  il«  [mjiiH 
Till  deftcribe   its    moveiirenls  on    the 
pinokH  jurfttce  of  a  revolvinij  druiti, 
ft>*Ij«nvn  Ml  the  accompanying  iruciaj^ 

hi  hh\9  curve  the  flnst  slij^ht  ascent 

r**t»re*enis     the    contnietir»n     of     the 

fluricle«,  Jiod  its  ntdjsidt'nee  reprepenls 

the  interval    lietween    its   coiitnirlion 

»nd  lliiii  of  the  ventrn  le.  ihu**  showing 

tlmt  I  lie  one  Is  complete  he  lore  tlie 
other  eoaimenres.  Tlie  next  more  de- 
tided  ascent  is  due  to  the  vipirousron- 
tmrlion  of  the  ventricle  and  the  ile^rent 
trt  its  relaxation.  We  learn  from  Hi  is 
that  the  Hiiricleft  have  completed  their 
■y stole  b<*fore  the  ventricle  cfia tracts. 

Parsing  now  to  the  moveiaentBof  the  heart  as  seen  in  mammals  the  thorax  Is 
to  b<?  ope.' lied  in  a  rahhit.  reiitlered  insensible  by  cidonit  by  dtvidinjr  the  intei^n- 
meiii  from  the  larynx  to  the  end  of  the  xiphoid  cartilage  and  then  removing  the 


Fio.    h"7,— TUArrxo    DaAWS    i^v    a    Lf.vkr 
Aeei.iKD   l»iKKrTry   ti»   thk    Aer.x   uF 

THK   Fl40O'«    flKART.       {S'tHtii  tAt^tl,) 

A,  CfHitmceoM  i>f  niiricle*  ;  B,  contrn^  li<>n  nf  v«ii;trtdv; 
G,  rttl&XAliu«  u(  vcntriicila. 
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sternum  by  ci3ltiti2  thmujrh  the  costal  cartilages  on  each  side  with  afK%irfiff 
&cis^*()^^4.    *ir  I  lie  ripenition  is   performed  caretully  very  litt!e  hcmt»rrlL"t| 
wcciir.     On  diluting  the  opetihiii^  in  the  llionix  thus  funned,  and  lualdUmu 
openiniT  by  means  tif  hooks  fastened  to  weighted  ci»rds,  the  rntiveiueDU  i  ^^ 
lieiirt  are  Veudilv  followed.     We  hiive,   however,  by  thus  opening  the  lh«)m?S 
cavity  iiilerferetf  with  respinitioii,  und  to  perm  t  of  a  reliable  study  of  ihc  eAnlueJ 
movements  the  miimars  life  must  be  prolonged  by  artificialTespirntioti. 

ILivini;  now  the  heart  and  great  vessels  well  exposed,  and  the  normal  i^*n- 
ditlonft  as  t^'ganlB  respiration  imitated  as  nearly  n.s  possible,  the  seqaenr*'<if  < 
•wliich  make  up  a  cardiac  revolution  may  be  readily  foIlowetL 

StartinLT  ii^  tbe  distended  venous  trtiiikH  at  tbe  base  of  the  iieiiiL,:,^ 
seen  in  tbe  niamnial,  tlte  wave  of  contraction  extends  rapidly  to  the  ami  | 
cles,  now  filled  with  blood,  wlneb  eoiUraet  with  a  sndilcn,  sharp  systole, 
discbarijcing  their  eontetits  into  tbe  flaccid  ventricdes,  tlieanrtfiiliira|Jii«n(i* 
a^es^  becoinin^  pale  anci  the  wliole  unricle  being  drawn  down  towanllli*  i 
ainicuto-vcntncitbir  ring,    l)nrin<r  tbe  systole  of  tbe  atuicle^.lhe  ventricles 
bt*tM^iiie  more  and  niore  gorged  with  blood,  but  when  felt  are  still  »j(l 
-and  flaccid.    I inmediutel}',  however,  upon  the  eonn>letion  of  the  aaricijlaf 
eoiitiaction,  the  ventricles  linrHen  and  become  globubir,  or,  in  other  wonk 
eborten   and  thicken.     Examined  more   elosei^',  it  is  seen  tluit  ditriiiE 
•repose  the  ventricles  form  an  iinperJect  cone,  its  base  being  a  traa^ver* 
ellipse,  but  during  nystole  tln^y  t'orni  a  more  i>erfect  eone,  shorteutHHt 
its  bnig  axirt,  and  having  a  circle  for  a  liaJK.',  the  greatest  eontniclion  br- 
ing taken  place  in  its  longitudinal  and  transverse  axes,  while  theantwo- 
.]K)stcrior  diamolcr  ofthe  l)ase  of  tbe  cone  has  been  btrle  nllen'd,nJtlioti;ili 
tbe  circumfcrejicc  oftlic  base  has  been  actually  increti^ed  (Fost4!r;,  At 
the  moment  of  ventricular  systole  the  bcjirfc  rotates  on  its  fixistotlit 
right,  so  as  to  expose  tnore  of  the  left  ventricle,  while  the  apex  i^eemiW 
apiiroach  the  Itase.    The  rotation  uf  tbe  licait  is  due  to  the  eoiilnK'tion"^ 
the  muscular  fibres  which  pass  from  the  sternal  surfnee  of  the  aHrietil*' 
ventricular  rings  oliliqttely  downward  and  to  the  loft;  when  tbey  shoftffl 
they  raise  tlie  apex  and  bring  more  of  tbe  posterior  surface  of  the  vti> 
trieles  in  relation  with  tbe  chest-walls.     At  this  moment  the  aorta  umi 
pulmonary  artery  are  seen  to  expand  ami  lengthen,  thus  coiapnsflliikl 
for  the  shortening  in  the  long  axis  of  the  ventricle.     Then,  as  diJi^tale  I 
commenrcs,  the  veiitriclcH   flatten  and  elongate,  the  great  arteries c*t>' 
tract  and  aborteti^  the  heart  rotates  back  to  the  lelt,  and  the  itinliar  rLVo- 
lution  is  completetl- 

It  has  been  stated  that  in  tbe  systole  tbe  apex  seemed  lu  U  Unw 
up  toward  the  liase.     This,  however,  is  not  exactly  eorreet. 

In  tbe  conditions  in  which  we  have  l^een  studying  the  heart  !t4l^o^ 
mal  supports  have  becit  more  or  less  interfered  witli,  and  altbonghw 
hnve  not  tbcrcliy  lessened  tbe  value  of  the  coiiception  obtaiuefi  of  Uk 
sequence  of  contractions,  we  may  perba|is  extend  our  knowleilp**^** 
tbe  degree  and  cbai*acter  ofthe  locomotiuu  performed  by  dilfereut  i»i1*  I 
of  tlie  heart  in  its  cuntraction. 
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!      TMn  may  be  accomplished  by  the  following  experiment : — 

A  large  doj?  gliould  be  rendered  unconscious  by  a  subcutaneous  injection  of 
BOrphinc,  fastened  securely  on  his  back,  and  a  long,  slender,  steel  needle  then 
pMMd  perpendicularly  through  the  walls  of  his  chest  into  his  heart  at  the  point 
of  greatest  intenshy  of  the  cardiac  imimlse.  Then,  following  the  line  of  the  ven- 
tricle up  to  the  aorta,  three  more  steel  needles  should  be  inserted/one  in  each 
ncceediDg  intercostal  space  above  the  first,  and  then  again  one  on  each  side  of 
tkc  second  needle,  about  one  inch  from  it  and  in  the  same  interspace.  Then  it  will 
beseen  that,  although  each  of  these  needles  moves  at  each  contraction  of  the  heart, 
the  movements  described  by  their  free  ends  widely  differ. 

No.  1,  inserted  in  the  apex,  merely  quivers  at  each  pulsation  without  describ- 
ing any  definite  motion  dependent  upon  the  cardiac  contraction,  though  it  is  seen 
to  follow  the  ascent  and  descent  of  the  diaphragm. 

Nos.  2, 3, 4,  inserted  in  the  intercostal  spaces  above,  describe  an  instantaneous 
i^ud  movement  at  each  contraction,  the  degree  of  excursion  of  their  free  ends 
«tag  directly  dependent  upon  their  distance  from  No.  1.  The  fulcrum  on  which 
Cftch  needle  moves  is  its  point  of  transfixion  of  the  chest-wall ;  therefore,  an  up- 
ward movement  of  the  free  end  of  the  needle  indicates  a  downward  movement  of 
the  body  In  which  the  other  end  is  inserted.  Finally,  Nos.  5  and  0  oscillate  more 
or  less  horizontally,  their  free  ends  receding  from  each  other  as  w^ell  as  from 
Ko.  1  at  each  contraction  of  the  ventricle. 

From  these  facts  we  learn  that  the  apex,  tlie  point  at  which  the  car- 
diac impulse  is  felt,  is  itself  nearly  motionless,  while  the  base  of  the 
heart  at  eacli  ventricular  systole  approaches  the  apex,  and  that  the  other 
parts  of  the  ventricle  are  drawn  toward  the  apex  in  a  degree  propor- 
tionate to  their  distance  from  it,  while,  as  seen  in  the  exposed  heart,  the 
shortening  of  the  ventricles,  is  comi)ensate<l  b}'  the  elongation  of  the 
great  vessels  at  the  base.  The  impulse,  therefore,  is  the  hardening  of  the 
Tentricle,  transmitted  through  the  stationary  portion  which  is  in  contact 
with  the  chest-walls,  through  the  chest-wall  to  tiie  finger.  It  is  improper 
to  speak  of  the  impulse  as  a  blow,  as  the  apex  never  leaves  the  chest- 
^all.  But  while  this  is  so,  there  is,  nevertheless,  a  certain  ainoimt  of 
motion  in  the  apex  wliich  results  in  the  elevation  of  the  chest-wall  at 
the  point  of  cardiac  impidse.  If  an  excised  heart  is  plnce<l  on  a  hori- 
zontal surface,  the  base  of  the  ventricles  in  a  state  of  diastole  takes  on 
the  form  of  an  ellipse  with  its  largest  diameter  horizontal,  while  the 
tper  falls  until  it  is  in  contact  with  the  supporting  surface.  When  the 
ventricle  passes  into  systole  the  base  of  the  heart  passes  from  an  ellii>- 
tical  to  a  circular  form,  and  since  tiie  apex  takes  a  position  in  a  line  with 
the  central  i)oint  of  the  base  of  the  heart  it  loaves  tiie  surface  on  which 
it  rested  and  tilts  forward,  at  the  same  time  approaching  the  base  from 
the  reduction  in  the  length  of  the  ventricles.  The  state  of  affairs  is 
somewhat  similar  while  the  heart  is  in  its  normal  position  in  the 
thorax.  There  the  base  of  the  heart  takes  on  an  elliptic^al  form  from 
contact  with  the  chest-walls,  while  tlio  apex  tends  to  fall  away  from  the 
chest.  In  systole,  the  base,  assuming  a  circular  form,  must  cause  the  apex 
to  move  forward,  and,  so  producing  stronger  pressure  on  the  ribs,  cause 
the  elevation  which  constitutes  the  cardiac  impulse,  the  base  descending 
in  systole  as  already  described. 
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Lntfwig  antl  Hesse  have  slinwu  thiit  the  shape  which  the  he 
nssuraes  iifLt^r  death  doe?^  not  represi-ut  its  sbn|>e  ditring  life,  either  durli 
83'siolo  or  ilh\.stole*  They  obtained  the  (iiiiJ^tolie  shaiw  of  the  vcutrid 
by  miikirig  a  plaster  cast  of  the  heart  dilated  under  the  pressure  of 
column  uf  dcfiiiriimted  Ulocjd  equal  to  tljat  of  thy  mean  arterinl  presson 
(150  mm.  of  mercury  iu  the  dog).  The  systoliu  shape  was  oUained  bf 
immersing  the  heiirt,  immediately  after  death,  in  a  hot  (5U*^C*)  ^tuntel 
solution  of  potasflic  bichromate,  wheu  the  Iteart  gives  a  single  eon  traction 
and  remains  in  systole,  the  proteid.s  heing  coaguhited  from  heart  rigon 
A  plaster  oast  is  then  made  as  Ijefore.  They  found  that  in  ditistok  the 
shape  of  the  ventricle  is  nearly  hemispherical,  with  the  posterior  sorfnet 


m  nr  ▼ 

Fio.  im— PRnjKrTroNS  OF  A  DoQ's  Heakt,  after  LtmwTO  AStn  HissatK.    {La*d^^ 

*ftefv^  M,  tnitml.  und  T,  trtnupld  rtrHfliWi,  V  prrri^^irl'^ii  nf  iht  ham  in  frMnl*  ftnd  dlviMv^  IV.ngH 
*niJ  LV,  t«n  vthnir(L>le».  The  ihojied  outi  LoM  ret'nwent  the  pr.t»iH  ttKii*  uf  ili»  heAn  in  diajtal*.  ikt  ^^M 
lies  tht  DUtlitk*  of  tint  lutftrt  is  tjfMtuLai. 

flatter  than  the  anterior,  the  greatest  diameter  toeing  the  traiisi^er^' 
diameter  of  the  liase,  and  the  shortest  from  the  a|>ex  to  the  lia^e.  ^^ 
systole  the  veutriele  becomes  more  conical  from  the  greater  cowtnK^J**"* 
of  tlie  basal  diameters,  the  enrvainres  of  tht?  antonnr  and  jM^trrwT 
surfaces  heiug  now  nearly  eqnal,  and  while  the  vertical  diaineU'fo^  ^'"^ 
right  ventricle  sliortens  the  left  remains  unchanged.  In  the  sy? t«lf*. tli« 
area  of  the  base  of  the  heart  is  diminished  nearly  one-half,  thu^J'.^ 
diminishing  the  auriculo-ventricular  oi>eniug8,  greatly  assisting  tb^  '* 
trieular  valves  (Fig.  198). 

The  transmission  of  the  ventricular  contraction  may  be  repre^eol* 
graphically  by  the  cardiograph  (Fig.  199)* 
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Sanderson's  cardiogmph  consists  of  a  hollow  disk,  the  nm   and  bark  of 

which  are  of  brass,  while  the  front  is  of  tViin  rnbbt-r.     To  the  back  m  faalened  a 

ibl  f^teel  spring,  bent  twice  at  right  angles  in   tlie  ^ame 

Atruction,  so  that  the  free  end.  which  is  provided  with 

in  ivory  button,  hanga  direcily  over  the  centre  of  the 

Tabt>er  membrane.     The  ivory  biKfoti  is  on  oncextreni- 

liy  of  a  small  screw  which  perforwleti  the  free  end  nt*  the 

lever,  while   the   otirer   end   of  the   screw  reatf*   on   the 

Ittbbcr  memhmne,  tlie  rubber  tiein^  pniiected  fr#)in  tlie 

point  of  the  screw  by  a  light  nu'ial  phiie.     The  instru- 

meat  is  further  prtjvided  with  liin^e  aajusttnjt?  BCrews.  liy 

whicli  it  re^is  on  the  ebcst-walf     The  cavity  of  llie 

tympaDiim   communicates  by  a   riibl»cr  tnhe  Vii!i   I  he 

Interior  of  a  somewlial  sinifUir  druni*  the  ruhUrr  surface 

©f  ^hich  is  in  communication  with  a  long,  light  lever  of 

second  order  (Fig.  2(XI), 

On  placing  the  ivory  button  of  the  cardiograph 

over  the  point   of  cardiac  impulse,  and  regiilutini;  the 

idjuatiiig  screws   so  that  the   iuslrutnent  is  parallel   to 

tlir  cliext-walls  and   the   screw  point  of  the  liurttm   in 

nlact  with  rubber  membrane,  each  niovenu/nl  of  u^icent 

tf  tlie  button  creates  pressure  ou  the  rubber  membrane, 

ith  a  consequent  diminution   of  the  capacity  of   the 

pannm.     Then,  since  the  drum  is  in  air-tight  com- 

nmnication  with  a  second  sitnilar  one,  each  diminution 

inthecapacily  of  the  fii^t  causes  a  projiortionate  increase 

in  the  contents   of  the   scraml,  a  bulgrng  of  its  rubber 

^  and  a  consequent  elevation  oTthe  lever  with  which 

it  ifl  connected.     Then,  on  causing  this  lever  to  record 

its  tnovements  on   the   stnoked   surface  of  a   revolving 

drum,  an  exnct  record  of  the  movement  of  the  surface  is 

obtaiaed  with  which  the  button  is  in  contact. 

I  Tins  instrument,  applied  lo  the  study  of  the  hu- 
pulgeof  a  healthy  human  lieart,  sliowa  that  each  systole 
|f  the  veotrtcle,  when  the  button  is  precisely  over  ttie 
ipcx.  is  marked  by  a  sudden  ascent  of  the  lever,  and  the 
endoftht*  systole  by  a  marked  but  more  gradual  descent 
(Fig,  201).  ' 
By  shifting  iVie  cardiograph  toward  the  sternum, 
BO  ihtii  the  button  is  no  hmger  over  the  pfunt  of  iui- 
puls<?,  a  tracing  of  an  entirely  ditrerent  cliaracler  is 
obuiined  (Fig.  2(>3). 

Ahhough  the  ventricular  systole  is  indicated  by  an 
elevation  of  the  lever,  this  ascent  is  iinmedialely  followed 
l*jr II  sudden  fall  below  the  position  of  rest  ol  "the  lever, 


FlO.  200.  — MARKY'S  Ttm- 
PASUM  AND  LSV£K 
(Stimtertrm.) 

A«  Iwunnid  ia  which  tb*  •ti!«l 
umU  t^  Um  I«*«t  vtrkt  Jt  may  W 
r»i««d  aw  4aiprm»e4  hy  the  ft(yiii«iiii,j( 
)«rer.  the  Inny  ftrm  <if  vhich  «i:t«iidi 
di>wn*nrd  and  t)a(-k«^jint  tmtw.  Ai 
B.  trmpKnam  ;  F.  tmtiQ  hj  whloh  tilt 
«mir{ty  of  th«  trtiiimttuin  on 
OKtM'wUb  Uw  ouitiogrvf^ 
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ihxiH  Indiraring  that  there  has  been  an  actual  rcccswkin  of  the  chftl.  ind 
re|>reRenting  ^mphically  iha  condUion  known  in  dtoicAl  Inngtuigt  a»  Uie 
** negative  impulse." 


FJO*  201.— TUATlNO    UHTAINKD  \VlTlr    TItE   ( 'aHDIuG  It  A  Til    MJlb.V    TJIK  BrTT03f 

IS  Placed  at  Apkx  I3kat  of  thk  Hum  an  Hkakt.    iifand^rtim,} 
Eftcfa  UHvot  in  ih«  ounr*  cuiaeidat  vith  tb«  vvnlfloitl&r  ■j'sMev 

To  reoapitulate,  it  may  be  stated  that  a  single  pulsation  of  the  hfsrt 
may  be  divided  into  three  phases: — 1st.  The  auricles  contract,  wUik il*e 


Fio,  202.— CAttDToaKAPn  Tractnr  Obta  i  ^ 

TCI  VSK  ftlDK  OF   Al'KX    iiJ 


V  H  f  .V  THK  nr^TOSI  IS  PLACW 
ThmUam  oTdMoviit  ooiscidw  vith  iIki  r«at/it;utiir  t^'iKtwl*. 


ventricles  are  relaxed, contraction  and  relaxation  occnrrinc  9_\-nchronoa^k 
on   both   sides   of  the   heart.     2d.    The  ventricles   contract^  whiJe  lii* 


Fig.  2nH.-HKAitT-BoTrKS  of  a  Cow,  Nattral  nmn,    {MUiUr.} 

auricles  are  relaxed.  3d,  Both  auricles  and  ventricles  are  in  «  sUtf  f»f 
relaxation,  tlie  auricles  being  near  tlio  end  and  the  ventriele*  at  ^' 
^  ccunniencotnent  of  their  di.ni^loK';  t^'* 

])hiise  18  termed  the  /xifwr.  the  r"<»* 
ditiou  of  ventricular  ciintrjictron  bfi"? 
descrilieil  as  nt/tftolf,  of  relaxatiofl  ^ 
ditiMttte,  The  iliiration  of  n  ^^ 
revolution,  consisting  of  dift^tf»l*?'*^*' 
a,  w   ^    tok%  and  pause*  is  equal  to  theinttn^ 

^^''ovYi4:^^HnfZ^isJ^^^^^  ^^  '^""^  Waween  two  pnWtians  ^ 

>'ATrMALHi»K.    iMWhr,)  anjartt?rj. 

•I,  lATXM^  h«>rt-bcuws    fr.  •m*1ler  h»art  t»n«t    <■.  77*1?    AchOH    of   the     VdlVlfJ  Of  ^ 

VM  vf  III*  a^rte ;    <  fl^  t^»n>nnrv  itrf«rv ;    r.  HstM  ,»'.  «i  «i 

•M»i4iift*rir»!Y«: /.oMtir*ti*rt*jft>nn«Uf»i  vAim    Heart* — Thc  direction  of  the  eiir''' 
of   cireulatiufl^   b]iJo<l   through   tlie   heart   is   rendered   iwssi)!' 
through  the  integrity  of  the  cardiac  valves.     These  valves,  a- 
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inentioTieil,  are  situated  lietween  the  two  auricles  ami  ventricles^  Jiiid  at 
the  origin  of  the  piilnioimry  artery  and  aorta.  Th«ir  mei'hanical  action 
i&dirterent»  tl»e  two  aunciiliM'cMitticniMr  valves  oi>enUin*^  upon  the  same 
principle,  and  the  two  valves  at  tlic  Btiiilin^  [Kjiiit  ot'  the  large  arteries 
being  similar  in  function  and  oiH^ration.  Both  tlie  nurieulo- ventricular 
valves  at  their  bases  constitute  complete  cylinders  which  orit^inate  in  the 
anrkulo-ventricuhtr  ring,  which  is  often  cartilaginous^  and  even,  in  some 
^niraaU,  as  in  the  bird,  furnished  with  a  bjtie. 

In  the  heart  of  the  ox  are  found  two  bonv  structures  al  the  origin  of  ihe  aorta, 
Iftlhekrger  of  whicli  arc  faHtorii'i]  tin-  riglit  "loiirtct  4jf  tlif  aortic  seiiH-lunar  vnlvo 
laA  llie  cfnlral  portion  of  t!ie  initnil  vji1vl%  wliile  the  saiallcr  is  m  coanection  wilki 
Uieleltscmidunttr  valve  of  the  aorta  (Figs.  *20\i  and  t204). 


Fig.  206.— Hfart  of  TtrF.  Horst?,  Hkes  from  Tif  e  Rtottt  8roE,  the  RtOBT 
AriiirLK  ANn  Right  Vr-XTiticLE  bet>o  1.ahi  Opkn,    i^ffVrrr.) 

fff.  r/h   r-,r,.  ,.T,ii«m  .iLf     r-,r,  Niid  .Irtiwfi  to  th»  Bi(l«t ;  1 1\  right  All Hclc  ^  fK,  ri^ht  venlr(cl«i  IK,Un 
Tttitn  vetin  tfftva,  with  pn>lHD  inwrtwl  in  it:   2.  •nfwrror,  or  interior.  r«iik 

MTft  iirj-veinii:    H.  p-»UrinT  ^nrtm;    fi.  ftnterktr  ftaru ;    7,  rlirht  fturicMlBT 

Jtfif^mil  '  ri?lii'«  fjf  the  ef»riin*rT  v«{n  ;  ht  uTiil  for««>«n  ;  O.  rlijht  romnAry  •rterr  ; 

12,  l«»fig:iliMl4nal  fi-«<tri«.   wuh   It,  iu  arUrr.  «nd  U.  it*  vein;    l.\  onlnjiisai  ORmN»;    111  16,  \yM.i>iUmtj 
mmmAm'.  17  17.  «b(»niM  tendlus ;  Lnd  t^  &  )«»ftot  <]f  Lh«  trictiitvlid  v»1t«. 

Tlie  cylindrical  form  of  these  valves  exists  only  a  short  distance  from 
this  ring,  and  tlien  the  valve  divides  into  a  numlwr  of  ditferent  segments, 
which,  in  the  right  ventricle,  are  three  in  number,  hence  the  name  of 
tricuspid  vftlveSj  and  in  the  left  are  two,  hence  the  name  of  mitral  valves. 


The  leaflets  of*  tliese  valvi's  ftgain  BiilHliv'ule  into  niimeroii«  tendmoni 

filarticnts  which  uit  irisertcil  In  the  pfl|jiilarv  oinst'les  of  the  heart  (¥\p. 
205  and  SOfiJ.  The  temliiicHis  threads  which  arise  in  the  j»ar>ill»ry  niUH']»*s 
anil  are  inserted  in  the  vaive  are  not  in  eonneetion  solely  with  the  fm? 
Imrderof  the  hitter,  Imt  the  entire  surfaeo  of  the  valve,  whieh  is  directe(i 
toward  the  walls  of  tlie  ventriele,  otfers  |Hjint&  of  insertiun  for  ihm 
tendons  (Figs,  207  and  208). 

Niimeronj^  theories   Ijave  lieen   proposed  to  explnin  the  uiaiimThi 
which  the  anrieulo-vcntricular  valves  prevent*  in  the  systole  of  the  leo- 


Fio.  »W.— Hfaut  of   TnF  IIoksk,  Rke>    from  titk  Lkft  Strft.  ttk  Is^ 
AriurLK  ANr>  Lkft  Vkntutci-e  nrjNd  L.vn*  Or-KK,    (.%MlUr.) 

n',  left  an  lid  c:    ft(^  h-n  ^  —>'■■''  ■  -K.  rifthl  v«nlricTe  :    1,  tr«W4?a1>it  in  Stft  ^  -    '        •     *-*^ 

fIsiTTTt,  i*«th  H*  nrt«rv  Bii<1  unrv  Art«rr  :  1,  ntit^^rinr  nnru:  V  t>oat«r^  .  '^ 

tiidliiAl  furmft^ ;  7.  Init  <Nir-  n  OT^nAry  vaia;  V^  coiaioMut  awnm  ;  IV  li''  ' 

II  lir,  diurdiA  Uadidtt:   U  I  Ivq. 

trlele,  re<rurj;:itatIoii  of  blood  into  the  aiirieles.     These  may  l»e  clus^ifi*^ 
into  two  different  groups* 

According  to  the  one,  the  ocolusion  is  purely  passive*  nn<i  i?  P^^ 
duced  by  the  pressure  of  the  lilood  heliiiid  the  valves,  causing  iM' 
ascent,  and  no  oeehtding  tlie  orifice  between  tlie  ventriclea  and  awridci 
In  this  view  of  their  aetioii,  the  papillary  muscles  have  for  their «^ 
function  the  regulation  of  the  situiLtiou  of  the  valves,  and,  conseqvicntlj- 


i  FiQ,  atrr,— Heakt  or  a  Cnw,  with  thf:  Rtoitt  VE^^TntcLic   Laid  Opbk, 

OXR-FontTII   TIIK   NATl'ltAI.  HiitK,      (.Vrt/ZfT.) 

_   ^  -.- —  — ^   —.         I    -1  » — -       — -  .  f,  ^^  ifi»c«»  iq,  Ihe  lateral  w»||i  of  tti«  riight  v»Dtrkile;  /i  /•'  J>". 

^iQ tricing  t,  1  tnd  i»  IwidBLa  nf  tii«  trlnuajiia  >aJiv«;  4^  cikiinki 


lb  hangs  from  the  auricle  to  the  ventricle  is  continued ;  it  even 
tars  to  lenjrtlieii  itself  out,  and  tlie  finger,  as  it  were,  in  drawn  into 
piterior  of  Hk-  ventricle.  In  fact,  t!ii?  firM  result  of  tlie  contraction 
pe  papillary  muscle  is  the  lfng:thening  of  tlic  auricular  cone^  the 
of  wbich  are  afterward  broug^ht  near  each  other.  While  this 
cone  descends  into  the  ventricle,  the  «ides  of  the  latter  contract 
jroach  I  be  cone  iu  such  a  manner  that  the  auriculo-vcutricular 
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a|>t>nmtus  acts  as  a  sort  of  hollow  piston,  which  peneirntes  the  ven»r^a 
ami  comes  into  close  contact  with  its  walls^and  thus  the  ventricle  (^^ 
207  and  208)  empties  itsc^lf  complett^Iy,  the  contact  Lecomiug 
between  its*  sides  and  the  aiinciilar  prolongation. 

"The  result  of  this  mcchauisni ,  wliich  is  so  simple,  and  3'et  sc 
erally  misoiKlerstood^  is  that  no  retlnx  of  Iflood  into  the  aiiriele  can 
place;  the  anrielc,  even  l»y  means  of  the  mechaiiisni  which  we  hai 
scribed,  exercises  a  sort  of  suction  upon  the  venous  blood,  itscraviiy  ' 


I 


V 


Fio.  209.— Heart  of  a  Cow.  witu   lftt  Arnici-B  axd  Vextiiiclr  LAn> 

A.  TVMit  afthm  aorto:  h.  fpuM  \m  the  wati  of  th«.  Auriol* ;  <*  r,  4irift«M  of  Vbm  fmlmonMnr  t»Iii«  ;  J  t,  paU 
manary  v«in«:  p  p,  p^iADmry  maiclM^  q^f.^nivmnm  emTum;  f.  anrieolu-  tralieealie  t  ^.  orilhw  «if  «l«* 
iMtrU :  K,  Ittt  ireitiriole ;  S,  Mptum ;  T.  )«ft  Attiielt ;  IT,  LttortJ  wtaII  of  t«||  vwirief* ;  1.  S,  twiliu  at  tit$ 
mitr&l  Tvlva. 

continued  so  far  into  the  ventricle.  We  see,  also,  that  when  the  ventricidnr 
systole  is  complete,  tlic  lcn*;;thened  tube,  the  hollow  cone  which  uuit«»i 
the  ventricle  and  the  anricks  is  full  of  blood,  and  that  a  sli^jht  and  mpid 
contraction  of  the  auricle  is  sutllcient  to  drive  this  bloo^l  into  the  veQ*^ 
tricle  and  fill  it. 

**  Nearl}^  all  the  standard  works  mlmit  witbont  discussion  the  th/eory  | 
of  the  occlusion  of  the  auric ulo*veutricuhir  orifices  bjr  the  simple  mecli-  j 
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c>f"  ^  plug  or  valve,  just  as  in  the  case  of  the  firterial  orifices  (see 
i^^  €:>in}^  but  without  remarking  the  entire  did'erence  of  strtieture 
^i^tinguisbea  the  luirieuhweiitrkHilur  valves  from  the  semi-luimr 
lires  of  the  aorta  and  of  the  iHiiiuotinry  artery.  This  theory  has  be- 
pCt  ^t*  to  a  certain  point,  tlie  property  of  Chauveau  and  Faivre,  on 
ipfiiit.  c>f  the  interesting  experiments  which  they  have  so  otTten  made 
pn  "or^^s  killcHl  iuHtantaneously  by  section  of  tJie  bidb,  aiul  in  which 
llficmi  respinition  w:l8  kept  up.  *  If,  iindfr  tiiOKe  cireunistaneea,  the 
kger  is  intrudiiced  into  one  of  the  auricles,  and  tlie  auricnlo-ventricnlar 
biftc^f^  explored, the  trieiispid  valves  will, at  the  moment  that  the  ventrielea 
bg'm  to  contract,  be  felt  to  straighten,  pusli  their  borders,  and  stretch  in 
lUcU  a>  manner  as  to  l>ecome  convex,  and  form  a  concave  dome  above 
ilie  veutricutar  cavity/    Thia  method  of  proof  does  not  always  funiUh 


^' ^.— Dtaorak  or  TTTie  Aubtctti^o. 

;  tXTMtcrLAJt  Systole,  ^fter  KI^hb. 

^IHriif  th»  «Tvt  fmti  nf  aj«tn1«.    2.  At  th«  oom- 
l*n«  4r  iftb,!,.    AT.  tiIttiIm-  ^na;   O^Mnnltt  V» 


Fm.  210.  —  riAGRAX  OF  THE  AUTHm.O- 
VENTItltrLAK  AlTARATrS  IH^RlNa 
ViSNTKlrrLAB  DlAHTiH.fc,  AFTEK  KCSS. 
iUfttutiut.} 
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*"ch  decided  results,  and  many  observers,  amoncr  others  Spring  and 
L^Oiiimti^,  have  met  witli  one  entirely  different.  The  latter  founil  the 
HbnficuWventricnlar  orifices  effaced  by  the  contraction  of  the  muscular 
^Bbpe^,  which,  at  this  level,  really  form  a  sphincter  (this  is  the  case  in  the 
«eart  of  birds,  but  not  of  the  mammalia).  The  papillary  muscles,  being 
BOW  contracted,  lower  the  valves,  and  these,  supporting  themselves 
"tgaiiiBt  the  sides  of  the  ventricles,  have  the  clfect  of  driving  the  lilood 
^Milfed  between  them  and  the  corresponding  sides  into  the  arterial 
oriliceft.  Such  is,  in  short,  the  working  of  the  anricnlo-ventrienlar  meni- 
HRines.  This  is  the  only  tlieory  which  accounts  for  the  existence  and 
arrangement  of  the  papillary  muscles." 

The  action  of  the  semi-hinar  valves  is  more  simple.    The  semi-hinar 
nLl?e$  are  composed  of  three  free  folds  of  serous  membnine,  which  during 
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the  systole  of  the  ventricle   are   forced  back  by  the  esenping;  cnmii 
of  blood  against  tlie  walls  of  the  pulmonary  artery  and  aorUijtbejj 
therefore,  otTcT  no  obstacle  to  the  escape  of  hlooii  from  the  cavities  of  titf 
ventricles.     At  the  end  of  the  contraction  of  the  ventricles  relaxatioi 
coniniciices,  the  ventricles  dilate,  and  there  is^  therefore,  a  lendcncf  fin 
tlie  blood  to  rettini   into  their  cavities  from  the  aorta  and  pulmoDti 
artery.     This  Ibacliward  current  carries  the  blood  behind  the  fn?e mar^i 
of  these  valves  and,  distending  the  pockets  Ijehind  them,  thttien* out  lli*| 
valves,  causing  tijem  to  come  into  complete  contact  and  thus  roinplt'tdr 
ol>struct  the  orifice  of  these  arteries  into  the  ventricles  (Fig.  211  )♦  Tfciij 
closnrc  of  the  semi-lnnar  valves  is  rendered  more  perfect  by  the  factlbt 
the  three  leaflets  do  not  originate  from  the  walls  of  the  arter}  oj»  tk 
same  plane,  but  their  origins   form  a  8i>iral  line  around  the  kee  of| 
y  these  arteries  ;  conseqoenth, 

leaflets  descend  one   over 
other,  and,  to  a  certain  t\ 
overlap    each    other,  Jind 
com  I >l e t  el  y  pre  ven  t  resjii rgitet 
of  tlie   arterial  blood  iato 
ventricles. 

The  Sounds  of  (he  Bm 
When  the  ear  is  applied 
walls   of    the  thorax  or< 
hearty  two    snnnds    »rc 
nized,  which  dilTer  in  inl 
in  pitch,  and  in  diin\tiorL 
soHiids    are    descrilied  \ 
flr«t   and  second  soiindt 
heart    Tlie  first  of  lUtm 
is  dull  and  prolonged, and  coincides  with  the  83'stole  of  theveatHck 
second  sound  is  shorter,  sharper,  and  of  higher  pitch,  and  occor* 
end  of  the  systole,  or  at  tlie  cijmmcnecment  of  ventnciilar  n-b: 
The  musical  interval  between  these  two  sounds  corresponds  aN^t 
fou7ih ;   the  pitch  of  both  Bounds  varies,  but   this  interval  is  1 
preserved.     The  first  sound  is  heard  with  greatest  distinctacsi 
spot  where  the  impulse  is  felt,  and  is  not  dependent  upon  ihc ' 
impulse,  from  the  fact  that  it  exists  after  the  removal  of  the  {^hi^-* 
As  it  coincides  with  the  contraction  of  the  ventncle,  it  also,  of 
coincides   with  the  closure    of  the   auriculo-ventricular  valvis*^ 
largely  due  to  the  action  of  these  valves* 

The  character  ol  the  first  sound  of  the  heart  18  not,  howeTeftj 
valvular  in  nature,  and  is  not  what  would  be  expected  from  tb* 
closure  of  a  membranous  valve.     That  it  is,  however,  largely  *!*•' 
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of  these  valves  is  provcil  by  the  altcmtion  in  its  character  wliich 
when  either  the  initnil  or  hicusiiid  valves  are  disea&etl^  wlicn  this 
ftoiuul  l>ecomes  obscure,  ulterecl,  or  rephiee<l  liy  njurmyrs. 

While  the  valves  in  their  el os tire  fire  the  [irincipal  lactors  in  the  pn> 
dmtion  of  the  tirst  souml  of  t!ie  heart,  its  clmmcters  arc  depemlent  upon 
tile  presence  of  several  other  factors.  It  will  l»e  found  that  whenever 
s  raasele  contmets  a  sound  is  produced  which  depends  for  its  pitch  upon 
tht'numlicr  of  contractions  oecurriug  per  second.  At  the  moment  of 
closure  of  the  aiiriculo-ventricuhir  valves  the  blood  ia  forced  out  from 
tlie  ventricles  into  the  great  arteries.  The  rushing  sound  of  this  moviujjr 
column  of  blood  is,  therefore,  another  factor  in  the  production  of  the  first 
Hiand  of  the  heart. 

T*>  recapitulate:  It  may  be  stated  that  the  first  sound  of  the  heart  is 
>TOflticed  by  the  sudden  tightening  of  the  anrirulo-ventricular  valves, 
jlotever  view  be  accepted  as  to  the  nature  of  their  action,  to  the  sound 
if  muscular  contraction,  and  to  the  rushinji:  of  tlje  current  of  blood  from 
bcf  ventricles  into  the  i>ulmoui\r3^  artery  and  aorta.  In  support  of  this  view, 
Ipiiy  he  mentioned  that^when  the  muscular  contraction  of  the  heart 
■omes  greatly  weakened  from  any  depressing  cause »  as  in  severe  fevers, 
■  first  sound  of  the  heart  becomes  distin<'tiy  shiirper  and  more  purely 
nrolar  in  nature,  evidently  due  to  the  diminished  intensity  of  the  con- 

riion  of  the  cardiac  muscle. 
The  seciond  sound  of  the  heart  ia  short  nm\  sharp,  and  is  due  to  the 
dden  closure  of  the  scmi-binar  valves,  whieh  by  their  rapid  increase  in 
^ion.  like  every  other  elastic  membrane,  produce  a  sound.  In  living 
Ikuils,  the  second  sound  of  the  heart  is  liest  heard  over  the  root  of  the 
\ge  vessels.  Wljen  the  seudduuar  valves  are  destroyed,  as  by  inserting 
look  into  these  valves,  the  second  sound  disappears.  The  relative 
gfbs  of  the  auricular  and  ventricular  systoJe  and  diastole,  the  time  of 
ccnrrence  of  the  impulse,  and  the  dirferent  sounds  of  the  heart  may 
ifTi-aoirmiticaily  represented  hy  a  Hue  divided  into  five  jjarts^  which 
^nt  the  length  of  a  cardiac  revolution: — 


1 

2       1        3               4 

5 

Syetolft. 
Eepoie. 

1 

Dia^le  or  i epoae. 

Systole.                        Eepoee. 

Silencd. 

let  Bound. 
Imp  tike. 

2d  Sound. 

Aoricle    • 
Yen  trick. 

Sounds      , 
Shock .     , 


e  may  now  extend,  somewhat,  the  sketch  which  has  already  been 
as  to  tlie  movement  of  the  blood  through   the   pulsatLug  heart. 
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During  the  diastole  of  the  auricles  the  ltit>ofl  strearas  into  them  from  ilt 

large  venous  trunks  which  are  in  connection  with  the  Uise  of  the  liiaart, 
the  propelling  force  being  the  pressure  of  the  blood  in  the  veina  aiidiht 
aspiration  exerted  by  the  lungs.  Soon  the  elastic  tension  of  Uie  wallf 
of  the  dilfited  auricles  becomes  suilicietiily  great  to  balance  iiiv  hr\M 
which  cause  the  entrance  of  blood  into  the  auricles;  but  1h* run?  lite 
entrance  of  blood  into  the  auricles  is  entirely  arrested,  the  vcntridt?*, 
which  hml,  up  to  this  point,  been  in  stystole,  and  thus  preveoU^d  ^^nttwite, 
of  blood  f^om  the  auricles,  now  relax,  the  auriculo-ventrjciihir  viKc* 
are  forced  open  by  the  pressiure  of  blood  in  the  auricles,  and  tlie  t(?b« 
triclea  dilate,  not  only  tJirough  the  as[>iralion  of  the  lungs,  but  in  virtw 
of  the  elasticity  of  their  own  wiiUs, 

The  auricles  now  pass  into  systole^  and  by  the  pressure  of  tbe  co^ 
traction  of  their  nauscular  walls  farce  the  blood  from  the  auricles  tbruujri 
the  anrlculo-ventrieular  openings  into  the  i*elflxed  and  dibtin^  vcntm4» 
The  blood  passes  from  the  auricles  into  the  ventricles^  and  not  Ijick  iot* 
the  veins,  because  this  is  the  direction  in  which  the  moving  ^'  '  "' 
rent  meets  with  the  least  resistance*  We  have  seen  th^it  liy  lU^ 
of  the  auricnlo*ventricidar  vjdves  the  Ixittom  fulls  out  of  the  auridwairf 
the  dilatation  of  the  empty  ventricles  exerts  a  negative  presHiire  o«  *l«t 
contents  of  the  auricles.  At  the  same  time  the  contraction  of  ijienm^ 
cular  fibres  of  the  auricles  serves  somewhat  to  constrict  the  opeturig**^ 
the  veins,  and  the  press^ure  of  the  blood  in  the  vense  cavie,  sup[>i3rkHlbf 
tlie  valves  in  the  infenor  vcnn  cava,  offL^r  :i  sutiicieut  resistance  topmettt 
regurgitation  into  the  veins. 

The  blood  continues  to  How  from  the  auricles  into  the  vt'nlriclai 
until  tlie  propelling  force  of  the  contnicttng  auricles  is  haknCtfiUO'*' 
elastic  tension  of  the  dilalvd  ventrit^lcs  or  by  commencing  vetJtric"^ 
s y s to le ,  ex i t  of  bl o od  fro m  1 1 1 e  vent r i cl cs  be J n g  pr t? vei \ it d  by  t li (^  <'^'^*^ 
semi-lunar  valves  at  the  openings  of  the  aorta  and  pulmonary  artcn' 
■^''C n  t r i clc s  n ow  Ije i  n  i^  fi  1 1  ed  ^  sy s  to  1  e  c o m m en ces ,  tl  i  e  clos u  i-e  of  t tu^  nufii 
ventricular  vulves  prevents  regurgitation  into  the  auricles,  ami,  tkfn 
of  the  ventricular  contraction  being  greater  than  the  pressure  of  tk  la 
in  the  aorta  and  pubnonnrv  artery,  the  semilunar  valves  ai^  forrt*<if*j 
and  the  vt^ntrii^les  empty  themselves  completely  into  these  ves^ifls. 
ventricles  then  relax ^  regurgitation   from  the  great  arteries  being 
vented  by  the  closure  of  the  semi -lunar  valves,  the  ventricles  fiH  tl 
selves  from  the  auricles,  and  the  process  goes  on  as  before.  ^ 

3,    TUE  llVDRAtTLlC    PaiNCinLES    OF    TUE    ClRCULATlON.^Tbe   f'l    ""^ 

principles  concerned  in  the  movements  of  the  Ijloml  through  tin  ^^'^^ 
of  the  animal  IkhIv  are  largely  governed  by  the  purelv  physir^il  ^''"  ^' 
hydra uHcs.     Before,  therefore ,  w^e   attempt   to  explain  the  iwovei 
of  the  bloody  a  glance  at  the  most  iuiportaut  of  the  physical  priudp^' 
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lOfdrmulics  or  h3'(lrodynamics  will  greatly  facilitate  the  explanation  of  the 
cbeulation. 

Every  fluid  particle  under  the  action  of  the  law  of  gravitation  falls 
Uke  a  solid  body  to  the  earth.     When,  however,  a  large  mass  of  fluid  is 
'  fkeely  acted  on  by  gravity  the  slight  cohesion  exerted  b}'  the  molecules 
of  liquid  on  each  other  leads  to  their  separation  one  from  the  other. 

Every  fluid,  therefore,  in  falling  tends  to  separate  into  drops.     This 

taidency  to  break  up  into  drops  may  be  prevented  either  by  delaying 

tlieflow  of  the  liquid,  as  by  causing  it  to  descend  an  inclined  plane,  or 

penBitting  the  liquid  to  flow  within  a  vessel  in  which  the  tendency  of 

.    tiie  particles  to  sei)arate  will  lead  to  the  production  of  a  vacuum,  and 

•tmospheric  pressure  will,  consequently,  serve  to  strengthen  the  cohesive 

Ibrces.     Consequently,  in  a  stream  of  liquid  falling  into  a  tube  each  par- 

tiele  is  not  only  acted  on  by  gravity,  but  also  by  the  pressure  of  the  mass 

of  liaid  behind  it.   If,  therefore,  an  aperture  be  made  in  the  bottom  of  any 

mael,  any  particle  of  liquid  on  the  surface  of  the  fluid  contained  in  that 

nsael,  if  we  could  imagine  that  it  would  fall  freely  without  reference  to 

the  particles  below,  would  have  a  velocity  on  reaching  the  oriflce  equal 

to  that  of  any  other  body  falling  through  the  distance  between  the  level 

of  the  liquid  and  the  orifice.     If  the  liquid  in  such  a  vessel  be  maintained 

It  the  same  level,  the  i)articles  will  follow  one  another  with  the  same 

Telocity  and  will  issue  in  the  form  of  a  stream ;  while,  from  the  principle 

of  transmission  of  pressures  in  liquids  equally  in  all  directions,  a  liquid 

would  issue  from  an  orifice  in  the  side  willi  the  same  velocity  as  from  an 

aperture  in  the  Ijottom  of  the  vessel,  provided  the  depth  were  the  same. 

The  velocity-  of  efflux,  therefore,  as  formulated  by  Torricelli,  is  the 

Telocity  which  a  freely  falling  body  would  have  on  reaching  the  orifice 

after  having  staited  from  a  state  of  rest  at  the  surface.     It  is  expressed 

b^  the  formula — 

V  —  V^2gh^  in  which  g  —  32.10  ft. 

It  further 'follows  that  while  the  velocity  of  efflux  depends  on  the 
depth  of  the  orifice  below  the  surface  and  not  on  the  nature  of  the  liquid, 
the  velocities  of  the  efflux,  from  the  laws  of  falling  bodies,  are  directly 
proportional  to  the  square  roots  of  the  depths  of  the  orifices,  while  the 
quantity  of  fluid  which  issues  from  the  orilices  of  diflTorent  areas  is  very 
Dearly  proportional  to  the  size  of  the  orifice,  provided  the  level  remains 
constant  It  is  evident,  however,  that  the  mass  of  liquid  in  such  an  ex- 
perinient  at  the  side  of  the  column  vertically  over  the  orifice  of  exit  otiers 
hj  friction  more  or  less  resistance  to  the  line  of  movement. 

And  while  the  molecules  vertically  over  the  centre  of  the  orifice 
f»89  directly  down  and  out  by  the  orifice,  the  molecules  of  fluid  at  the 
iide  of  this  moving  column  not  only  otfer  resistance  to  this  downward 
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Diotioi)  Hiroiigh  attrftctiou,  but  also  through  their  own  mobility  tcndtf 
pass  in  an  oblique  line  into  the  moving  column .  In  fact,  every  partidi 
above  the  oiitit^e  emleavors  to  puss  out  of  the  vcSHel,  and  In  so  doiii| 
exerts  pressure  on  every  particle  near  it.  The  result  may  be  maded 
by  the  duignun  (Fig*  212). 

Every  particle  above  A  B  endeavors  to  pass  ont  of  the  vi 
In  so  doing  exerts  a  pressure  on  those  near  it.      Those  that  issue  u«ai 
p  A    and   B   t*xert   pressures  in  the  direeticm  M  M  mm) 

mA    y''  ^      N  N,  those  in  the  centre  of  the  orifice  in  the  dirtftioi 
^^aV'wb        H  Qt  those  iu  the  intermed»Hte  parts  in  tlie  drrc*<;lii 
t  7  r  Q,  P  Q,       In  conscfjueuce   of  I  he  flnid  in  the  b| 

P  t^,  r  is  niiabk*  to  escape,  nnd  tliat  which  dues  e«»|i 
instead  of  assuming  a  eyiindricai  form,  contracts  ai 
takes  tlie  form  of  a  truncated  cone.     It  is  found  tbS 
the  escaping  jet  continues  to  contract  until  nt  adbttw!<i 
from  tJie  oriliee  about  equal  to  the  diameter  of  the  onficfi, 
This  part  of  the  jet  is  called  the  venacontracta.    It  is  found  tltM  llicflNt 
of  its  Hmallest  section  is  abont  tive-<.'ig!»ths  or  0.02  of  that  of  the  orific<*. 
Accordingly^  the  actual  value  of  the  esetipc  is  only  about  0.63offti 
theoretical  amount.       If  a  cylindrieal  tube   (termed   ajutafir),  with  i 
length  two  or  three  times  its  diameter,  be  made  tlie  channel  of  exit  »( 
the  (luid,  tlie  amount  dischargtHl  jjcr  second  may  be  increased  to  iil^iflt 
0.8:3  of  the  theoretical  amount.     A  contracted  vein  is  formed  within  ti^ 
tube  Just  as  it  would  do   if  issuing  fret^ly  in** 
tlie   air  J' but   rrom    the  adhesion  of  tlu*  wnW 
to  the  interior  of  this  tube,  the  section  of  tfct 
coUium   flowing  from  the  tube  is  greateT**'**! 
thfit  of  the  contraeted   vein   (Fig.  2IH).   (Tfct 
cDutraction   of    the    moving    columo  of  w 
witliin  the  tube  causes  a  |iartinl  vncunin,»wl*Jj 
a  sitic  iul»c,  <lippiug  into  mercury,  U^  eoui 
with  the  ajutage  at  this  [>oint  the  roercnrf 
rise  in    the  vertical    tul^,  deraonslmtini 
existence  of  the  vacuum.      This  fact  i* 
use  of  in  Buuscn's  filter  pump.)    If* 
tul>c   bo  fitted  to  the  oritice  of  esit»  wit^  ^^ 
smaller  end  in  connection  with  the  vessel,  the  efllux  may  lie  still  f^^ 
increased,  and  fall  ver^^  little  short  of  the  theoretical  amount. 
J'low  of  Li<fHids   Throtfffh  Bii/ul   I'ubeis. — If  the  ajut,i;j 
in  the  side  of  the  vessel  has  more  than  a  certain  length,  the  ii.- 
fluid  escaping  is  very  consitlerably  reduced.     This  fact  rests  u^Kift 
hydraulic  friction  produced  between  tlie  moving  liquid  and  tliew«U* 
the  tube  in  liquids  which  exert  a  certain  amount  of  adhesion  ag»M' 
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la  of  the  tube  ;  for  the  movement  of  the  portion  of  liquid  in  contact 
the  walls  of  the  tul>e  is  dula}  cil  by  adhesion,  and  tiie  movement  of 
\  central  column  is  delayed  hy  friction  with  the  external  hi3  ers.     It  is 
3ent  that  the  resistance  due  to  friction  along  the  sides  of  the  tul^e 

i  depend  upon  the  length  of  tlie  tube.      This  may  be  illustrated  by 
i  accompany i  n  ^  d  iagra  m. 
If  a  horiznntal  tiilje  he  conueetcd  witli  a  reservoir  of  liquid  aud  a 

flljer  of  vertical  side  arms  be  connected  with  the  horizontal  tube,  the 
|iiid  will  rise  in  the  branch  tubes  to  ditferent  heights  inversely  as  the 
stance  of  the  vertical  tube  from  tlic  reservoir^  fur  tlie  proiJcUing  force 
L  the  horizontal  tul>e  will  dimmish  from  point  to  point  on  account  of 

I  unifonnly  acting  resistance  (Fig.  214).   The  vertical  tubes  will,there- 

e,enal»le  us  to  measure  the  pressure  exerted  b}^  the  fluid  upon  the 
ills  of  the  tube  through  wliich  it  is  flowing,  and  shows  us  that  the  pres- 
lure  at  any  point  of  such  a  tube  will  be  less  the  greater  the  distance  from 
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kt^  «it||iiw.CiU^  fttob^  K*hich  an  [^Int^l  &L  irittiniiU  T«rt»«iil  tiiNw  L  IT,  ami  ill  l"  e»tiiniile  the  i«r«uarv.    Thm 
llD«  D,  Dl,  iri,  1J3.  I>1  JiutiBatei  Ihm  npidlj  deenmrns,  \ittMtun. 

the  propelling  force.     Further,  the  resiRtance  increases  with  the  velocity 
<>f  the  current;  for  it  is  evident  that, tire  resistance  being  mainly  dcpend- 
eatiipon  tViction,  if  the  column  of  fluid  is  at  rest  there  is,  consequently, 
^>o  friction  aud  no  resistanee,  while  the  greater  the  rapidity  of  motion 
tlie  greater  will  be  the  friction,  and,  consequently,  the  greater  the  resist- 
ance.    It  follows  from  this  that  the  smaller  the  tul>e  the  greater  will  be 
^^le  resistance,  for  the  smaller  the  tube  the  greater  will  be  the  velocity 
^Jr motion.     It  may,  therefore,  be  said  that  in  a  moving  column  of  liquid 
'^tbe  resistance  is  directly  pro|iortiomd  to  the  length  of  the  tube  and  is 
inversely  proportional  to  its  cross-section,  and  increases  with  the  spv^d 
of  tlie  stream.^' 

It  has  l)een  mentioned  that  the  friction  of  the  central  moving  column 
on  the  outer  layer  is  a  source  of  resistance,  conse<|ucntly  increase  in  the 
cohesive  nature  of  the  fluid  will  increase  the  retardation  of  the  central 
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column  and  acconlhigly  increase  the  resistance,  while  beat,  by  dimixusk  ' 
mg  the  cohesion  of  the  liquid,  -will  lessen  the  resistance. 

A  Bimllar  state  of  a  flairs  hoUU  in  tub<*8  of  var^in^  calibre.    In  tub«  I 
of  nneqiml  caiibrc,  as  alreatly  pointed  out,  the  velocity'  of  the  curneiit 
will  var^* ;  that  ia,  it  will  be  slower  in  the  wide  part  of  the  tube  lod  j 
more  rapid  in  the  narrower  parts  of  the  tube.     And  ad  the  nsaistAoeel 
is   greater   in   narrow  tnbej^,  the    propelling   foR^e  will   diuHiii^h  mtm 
rapidly  than    in   wide  tubes.      "  When   a   small    tube    passes   simMcoIj 
into  a  tube  of  larger  diameter  there  is  a  sudden  increase  of  pre^<inn?it 
the  fiurfaee  of  jnnetion,  n<'tHmi|)iuned  by  a  dinniiution  in  tlie  ]^f>eed  of  j 
movement  tlirough  the  wiiler  tui*e.     The  molecules  of  winch  lla*  floU  | 
consists  cannot  snddenly  change  the  swif\  movement  into  n  slower  om,] 
and  on  account  of  their  inertia  the  pressure  exerted  by  them  on  one 
another  develops  the  increased   force.      On  the  other  hand,  the  ra|nd 
transition  from  a  slow  to  a  quick  movement  at  a  place  where  a  wide  Ink 


FlQ.  215.— llIArlKA>f    ILl.rSTRATTS'O    Tins    VARlATIOJfS    OF    pKKIIftntK    Of   AJI 

OCTi-'UiW-TL^iiE  or  Vabyino  Cal^ibke.     {RoUrL} 


passes  into  a  narrow  one  diminishes  the  pressure.     The  efl^t*  however, 

in  a  system  of  tubes  of  a  series  of  wider  jmrts  is  to  diminish  the  loUl 
resistance  "  (Robertson)  (Fi^.  215). 

Bendiug  the  tube  adds   a  new  resistance*  the  fluid  prcecsin}:^  more 
strongly  on  the  con%*ex  than  on  the  concave  side  of  the  liend.  and,  tlierv-. 
fore,  pnxlucing  greater  resistnnee  to  movenicnt  on   the  Cf>nvi*x  side,] 
Consequently,  resistaneo  is  incrtmsefl  behind  the  lK'ni\  ond  diminishedl 
in  front  of  it,  with  a  consequent  increase  in  the  velocity  of  the  mirront  «l| 
this  point     When  a  tube  through  which  liquid  is  passing  <Iividcs  into] 
two  or  more  branches,  still  further  resistance  is  added  by  not  only  in-- 
creasing  tlie  surface,  Init  by  the  production  of  angles  and  bends.     Thel 
total  calibre  of  the  brant^hes  which  originate  from  a  single  tube  may  Im] 
either  greati^r  or  less,  and  so  the  surface  of  contact  Iwtween  the  walls  of 
the  tulx!  and  the  flidd  are  either  increased  or  deeix^aseti. 

The  most  interesting  case  corresponds  to  that  seen  In  the  de%*elop- 
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Fio.  2]6.— Diagram  of  Variations  in 
PKEHHriiK  IN  Branching  Tubes. 
( Wundl.) 

Th«  oKanffM  in  nrecrare  Id  tb«  tub*  A.  B,  C,  D  art 
rq>r«entad  by  th«  broku  Un«  a,  ■»  c,  n,  B. 


iMnt  of  the  circulatory  system  of  animals,  where  a  vessel  divides  into 
■erend  branches  of  greater  total  calibre  than  the  parent  stem,  and  where, 
•Iter  repeated  subdivision,  the  branches  again  unite  to  form  a  single  tube 
vfaose  calibre  is  about  the  same  as  that  of  the  original  tube. 

A  simple  representation  of  such  a  series  of  branching  tubes  is  given 
tai  Fig.  216. 

In  such  a  series  the  pressures  are  seen  in  the  broken  line  a,b,c,d,e. 
At  B,  taking  into  consideration  only  the  increase  in  calibre,  a  sudden 
beiease  in  pressure  occurs.      On  the 
other  hand,  considering  only  the  occur- 
rence of  bends  and  angles  in  the  tube, 
the  pressure    would    suddenly    sink. 
Tliese  two    causes,   however,    oppose 
cech  other,  and  the  most  ordinary  rep- 
Rsentation    of    the    case    would    be 
indicated  by  a  slower  sinking  in  the 
line  of  pressure  than  in    the    single 
parent  stem.     The  condition  is,  how- 
ever, different  where  the  brandies  again  imite  to  form  a  single  trunk; 
here  the  pressure  must    fall,  because  the  bed  of  the   stream  becomes 
contracted,  while  at  the  same  time  an  angle  is  also  met  with.      Both 
these  facts,  therefore,   work   in  tlie  same  direction,  and  the  pressure 
undergoes  a  sudden  fall  whieli  would  be  greater  than  that  produced 
hj  mere  contraction  of  the  stem. 

It  follows  from  the  above  that  in  a  sj^mmetrical  system  of  tubes  the 
pressure  does  not  symmetrically  increase  and  decrease,  but  will  be  greater 
in  any  portion  in  tbe  centre  of  the  system  of  the  tubes  (at  M,  Fig.  216) 
than  the  mean  of  pressure  at  any 
two  points  equally  distant  in  front 
or  behind  this  point.     It  may,  there- 
fore, happen  that  in  a  complicated 
ajstem  of  branching  tubes  the  re- 
sistance is  not  greater  than  in  a  single 
tnbe,  or  may  even  be  smaller,  since 
the  increase  in   the   diameter   may 

diminish  the  resistance  more  than  the  branching  increases  it.  If  the 
resistance  is  the  same,  it  is  evident,  also,  that  the  rapidity  is  the  same 
in  both  cases,  and  as  a  consequence  more  fluid  will  flow  out  of  such  a 
l>ranching  sj'stem  of  tubes  when  the  resistance  is  smaller  than  would 
ttcape  from  a  single  tube  (Fig.  217). 

The  angle  formed  bj'  the  branches  with  the  original  stem  seems  to 

produce  no  marked  influence  on  the  resistance  and  velocity  of  movement. 

The  above  relationship  between  resistance  and  velocity  of  movement 


Fio.  217.— Diagram  of  System  of  Branch- 
ing Tubes.    {Wundt.) 
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and  diameter  of  the  tube  only  holds  as  long  as  the  calibre  of  th© 
does  not  fall  below  a  certain  diameter, 

lit  capitiary  tubes  the  conditions  are  so  f&t  similar  in  that  the  reill 
anoe  is  propoi-tional  to  the  length  of  the  tube.  It  has  been  found,  li«i 
ever,  that  the  discharge  is  not  pro  port  ion  at  to  the  ciiiibre  of  the  UiIwJjc 
to  the  fourth  power  of  the  diameter.  This  is  evidently  to  be  expUiiiwl  b 
the  greater  promiueuce  attributed  to  the  adhesion  of  the  tliiid  to  tl 
walls  of  the  tui>e,  and  will,  therefore,  diifer  greatly  in  ditTi^rent  liquids.! 

The  Flow  of  Liquids  Through  Eiadic  Ttdies,  —  When  a  cmM 
stream  passes  through  an  elastic  tube  the  conditions  are  pret.4sidjll 
same  as  have  been  described  as  (governing  the  movement  of  Iktoll 
through  rigid  tubes.  When,  however,  the  current  U  intermittent,  ti 
elasticity  of  the  tu1>e  then  comes  into  play,  and  decidedly  tijodiJia3  4 
conditions  of  movement. 

If  a  quantity  of  liquid  be  forcibly  Injected  into  an  elastic  til 
already  dis^tended  with  fluid,  the  first  part  of  the  tube  suddeuiy  dilftfil 
to  accommodate  the  quautity  of  fluid  propelled  into  it. 

This  impulse  communicates  a  movement  of  nnduhitJon  to  the  fM 
tides  of  fluid,  which  is  i-a|>idly  transmitted  to  all  the  imrtlcles  of  fliw 
within  the  tube.  In  otiier  words,  a  wave  movement  is  nijmllj  pntp 
gated  throughout  the  entire  length  of  the  tube.  If  the  elastic  tail 
lie  imagineil  to  be  closed  at  its  further  end,  the  wave  will  lie  rcfl^W 
from  the  point  o^ocelusiun,  and  will  Ije  conducted  to  and  fro  in  IktuH? 
gradually  decreasing  in  intensity  until  it  at  length  disappe-ars.  W 
propagation  of  the  wave  should  not  be  confounded  with  the  forward  moTe 
ment  of  the  fluid.  For  when  the  fluid  itself  moves  the  movement  of 
each  particle  is  in  the  line  of  the  axis  of  the  tube,  but  in  a  wave  moTfr 
ment  the  motion  of  the  particles  is  simply  one  of  undulatiou  at  righ' 
angles  to  the  line  of  movement,  and  not  of  forward  movement 

In  a  rigid  tube,  a  movement  of  progression  alone  exists.  In* 
closed  elastic  tube,  filled  with  liquid,  into  which  more  fluid  is  suddenlj 
injected,  the  wave  movement  alone  exists. 

If  the  peripheral  end  of  the  elastic  tube  be  open  and  more  fluid  1* 
injected,  botii  movements  co-exist ;  that  is,  there  is  a  forward  progresaoi 
of  the  particles  of  the  liquid  added  to  the  wave  mo vement  already  d^ 
scribed.  Wiien  the  wave  movement  passes  in  the  same  direction  wtW 
current,  it  is  called  a  positive  wave;  when  in  the  opposite  direction, it tf 
called  a  negative  wave.  The  speed  of  propagation  of  the  wave  isF^ 
portional  to  the  elastic  force  of  the  walls  of  the  tube,  while  the  beig" 
of  the  wave  depends  upon  their  extensibilit}'. 

It  is  evident  from  the  above  that  the  movement  of  liquids  in  op* 
tubes  will  vary  according  to  whether  their  walls  are  rigid  or  elastic  ** 
in  a  rigid  tube  a  definite  amount  of  liquid  be  injected,  no  more  ornol«* 
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can  escape  from  the  open  end.  If  the  calibre  of  a  rigid  tube  be  dimin- 
iabd.the  increased  resistance  will  react  on  the  iiropellin^  i>ower,  and 
will  likewise  prevent  iiijectiun  of  morc^  than  can  escape  by  tlic  open  end. 
Thus,  suppose  a  rij^id  tube  be  connected  with  a  pump  which  throws 
anjd<?fiiute  quantity^  say  one  ounce,  of  water  at  each  fitrolic^  the  rigid 

|tnl>e  bfiijg  supposed  to  be  already  distended  with  liciiiicL  At  each 
itroke  of  tlic  pnmp,  tberefore,  one  ounce  of  liquid  will  escape  from  the 
freeurid.  Suppose^  now,  the  free  end  of  the  rigid  tube  be  ho  decreased 
in  calibre  a$  to  allow  only  one-half  tlie  previous  qufuitity  to  encape^  this 
Tcsistnnce  will,  therefore^  react  on  the  junnp  and  prevent  its  tbrowinjg 
©ore  than  one-half  the  quantity  into  the  tube. 
If^on  the  other  hand,  the  walla  of  the  tuVie  be  elastic,  the  conditions 
till  vary  according  as  the  resistance  is  uicrcast'd  or  diininisbed. 
If  »n  elastic  tube  of  the  same  len*^th  nnd  diameter  as  the  rij^id 
tiik  idready  experimented  with  be  connected  witli  a  pump  throwing 
the  siime  quantity  of  liquid  at  each  stroke,  it  is  evident  tlnit  the  con- 
ditions will  Ije  the  same  as  in  the  rigid  tnl>e;  that  is,  the  sjime  amount 
of  fluid  will  escape  from  the  free  end  as  enters  at  the  opposite  end 
[Ibm  the  pmnp,  and  tlie  time  of  injection  and  escape  of  liquid  will 
oiijcide. 

If,  now,  the  distal  end  of  the  elastic  tube  be  contracted  so  as  to 

P^mlnish  the  oiitfiow^  the   puuip   still   throwing  the   bjiiuc   amount  of 

Ittid,  it  IS  evident  that  if  we  say  only  oui'-half  of  the  amount  injected 

escape  from  the  free   end  of  the  tube  the  other  half   will  collect 

the  tul>e  and  overdisteml  its  walls. 

In  the  intervals  of  action  of  the  pump,  the  elasticity  of  the  walls 

&f  the  tube  will  lead  to  their  contraction,  and  this  recoil  will  act  as  a 

[pronelling  power  on  the  contents  of  the  tube,  and  lead  to  its  escape 

^oin  the  end   of  the  tube.     The  stream,  now,  instead  of  beiug  inter- 

Dpted  and  in  jerks,  will  tend  to  become  continuous.    Thus,  elastic  tubes 

^ve  the  power  of  trans  form  ing  an  intermittent  into  a  continuous  How, 

•he  flaid  thus  contained  in  a  scries  of  elastic  tubes  is  subjected  to  two 

«sure«,  one  derived  from  the  pnq>eUing  force  and  the  other  exerted 

'  the  elastic  walls,  due  to  the  overdistention  of  the  tubes.       In  tubes 

tth  elastic  walls,  the  velocity  of  the  current  is  diminished  before  the 

lllajitity  of  fluid  discharges  is  increased. 

In  the  mechanics  of  the  circulation  the  former  of  these  forces  is 

oken  of  as  blood  pressure  upon  the  walls  of  the  vessels,  and  is  due  to 

propelling  power  of  the  heart;  wliile  the  second,  the  force  exerted 

the  walls  of  the  arteries  upon  the  blood,  due  to  the  recoil  of  these 

ssels*  is  spoken  of  as  arterial  tension. 

4.  Thx  Circulation   in   the   Arteries. — The  principal   cause  of 

movement  of  the  blood  in  the  arterial  system  is  the  intermittent 
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contraction  of  the  ventricles^    At  each  systole  of  the  ventridi'S  tlie  heart 
completel}^  empties   itself^  nnd,  consequently »  throws   into   the  UlncuM 
vessels  tbe  amount  of  blood  ciipable  of  being  containe<l  in  \U  cavity  J 
while  at  tlie  same  time  an  equal  quantity  of  blood  enters  the  he^rt  (VanJ 
tbe   veins.     This  injection  of  new  amounts  of  blood  into  the  ftrtt'iiitl!' 
system,   as   a   consequence^  occurs   intermittently,  as  may  1»l»  remlily 
recognized  by  opening  the  artery  of  an  animal,  when  it  will  b«  foua4 
that  the  blood  will  issue  in  spurts,  each  spurt  corresponding  to  a  coo* 
traction  of  the  ventricles.     It  will,  however,  be  remarked  that  tljcrc  is 
also  an  escape  of  blood  during  the  pauses  of  the  contractions  of  thu 
heart,  and  that  the  farther  from  the  heart  a  blood-vessel  be  oi>eneil  tbe 
less  wilt  be  the  apparent  effect  of  ventricular  contraction  in  iiicres«- 
ini?  the  velocity  with  which  the  blood  tbjws  from  the  dividetl  vessel    la 
other  words,  the  blood  within  the  blood-vessels  is  subjected  to  a  con- 
siderable tension,  derived  from  the  elasticity  of  the  vasctiUir  walls,  and 
this  tension  itself  serves  partly  to  assist  in  the  onward  movement  of  the 
blood*     When  a  vessel  divides,  except  in  nire  instances,  the  sum  of  llie 
calibre  of  the  branches  is,  as  a  rule,  greater  than  that  of  the  parent  Bt^o* 
In  nearly  all  cases,  bowever,  the  cajjacity  of  the  branches  is  co^Jsi<l«^ 
ably  greater  than  the  original  vessels  before  division,  even  tliougli  ll»e 
eum  of  tlie  diameters  of  the  branches  l>e  but  little  greater  than  tbst  of 
the  parent  stum.     The  arterial  system  may  time  be  regnrde<I  ti*ncoft< 
whose  apex  joins  the  left  veulriele,  ami  whuse  base  is  repret^ente^i  hjtk 
caijillary  system.     The  venous  system^  on  the  oilier  hand,  may  be  ti^ 
sented  l>y  an  inverted  cone,  whose  base  is  formed  by  the  capillaries, iwl 
whose  apex  is  in  cfmimuni cation  with  the  right  auricle. 

In  the  arteries  the  con<litions  of  the  movements  of  the  blood  art 
largely  governed  by  the  pliysicul  characteristics  of  the  walls  of  tbe  blorf* 
vessels.  The  arteries  consist  of  three  coats — ^an  inner  serous  coat  of 
endothelium,  the  middlii  elastic  and  muscular  coat,  and  an  outer  filir*^* 
coat.  It  is  to  the  middle  coat  that  the  physical  characters  of  tbecifctt* 
Intion  are  largely  due.  The  proportion  of  muscular  fibre  to  elastic  ti*»«« 
varies  considerably  in  dittbrent  parts  of  the  arterial  system,  h  ^ 
large  arteries  directly  in  the  neighborhood  of  the  heart  the  uiiiU11e«»»' 
is  composed  almost  solely  of  yellow  elastic  tissue,  while  the  uiuacuitf 
fibres  are  present  in  small  amount.  As  the  capillary  system  U  ip- 
proacheil,  or,  in  other  words,  as  the  arteries  become  smaller  and  j^iuaII^ 
by  reiieated  snbdivisions,  the  elastic  coat  diminishes  in  amount,  while t)K 
muscular  coat  increases.  The  relative  pr*> [portions  of  these  two  eleJB«a^ 
of  the  Tuiddlii  coat  are,  therefore,  inversely  as  the  diumeter  of  the  rps^i 

Tbe  action  of  these  two  elements  is  to  a  certain  extent  antag^ni*^ 
although  thej"  both  combined  serve  to  assist  in  the  onw^ard  movemwilrf 
the  blood. 
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The  direction  of  the  muscular  fibres  of  the  arteries  is  circukr,  while 

longitufliiml  fibres  are  absent.  As  a  consefinenee,.  the  contraction  of  the 
musculjir  coat  of  an  artery  tends  to  oblitenite  its  calibre.  On  the  other 
hwid^  the  elastic  element  tends  to  keep  the  artery  open.  Whcn^  there- 
fore, wj  artery  is  rednetMil  in  calibre  by  contraction  of  its  mnscnlar  fibres, 
▼lien  the  mnscnlar  coat  tjceoines  relaxed,  the  elastic  coat  «lilates  it. 
There  ig  no  active  dilating  raechanif>m  in  the  walls  of  the  blood-vcMsels, 

IT  lie  combined  action  of  these  two  forces,  the  expand  in  t^  force  of  the 
rt*stiu  coat  and  the  contracting  force  of  the  miiscniar  coat,  wonld  serve 
to  cause  the  arteries  to  assnine  the  form  of  Ikollow  ribbons  with  fiatt^ned 
Bdes,  or  llattened  cylinders.     This  shape  is  found  in  the  arteries  of  an 
•almal  when  examined  after  death.     In  the  act  of  dying  the  arteries 
^lupU'  themselves  by  the  contraction  of  the  mnscnlar  coat,  forcing  their 
eutire  contents  over  into  the  venous  system  ;  they,  therefore,  become 
oompletely  emptied,  and  are  then  flattened   c^^linders ;   this  condition 
hoMs  until  one  of  the  larger  arteries  be   openc*1 ;   air  then  enters  the 
eries,  the  muscular  force  having  been  lost  throngh  death;  tlie  arteries 
leii  dilate  throngh  the  action  of  the  elastic  tissue  which  is  longer  pre- 
H'efKand  they  now  l>ecome  hollow  cylinders  filled  with  air.    It  is  thus 
n  that  the  larger  arteries  arc  higldy  clastic  tubes,  and  tlie  infiuence  of 
le  elasticity  of  the  walls  of  a  tnbe  on  a  moving  column  of  Ibiid  has  been 
ready  fllluded  to»     In  other  words,  the  elastic  tissue  in  tiae  walls  of  the 
rgenrtcries  tends  to  overcume  the  intermittent  action  of  the  heart  and 
render  tlie  How  of  blood  in  the  arteries  continuous.     In  the  smaller 
iries  the  elastic  tissue  is  reduced  in  amount  and  often  Ir! comes  en* 
rely  absent,  but,  on  the  other  hand,  the  proportion  of  muscular  tissue  is 
'Hort'itsed-    Muscular  tissue  is  itself  a  highly  elastic  tissue,  consef|tiently 
^l»e  smaller  arteries  are  not  only  elastic  but  are  also  supplied  witli  con- 
tt^'lile  walls,  and  as  a  consequence  their  calibre  may  be  redncc<l,  thus 
Permittijig  variutiorm  in  the  sup[>ly  of  blood  to  dilfen^rit  localities. 

The  conditions  for  permitting  a  satisfactory  interchange  between 

^be  blood  and  ditferent  organs  are,  therefore,  fulfilled.     For  we  have  not 

\y  a  constant  flow  of  blood  through  all  pnrts  of  the  body,  but  this  flow 

sasceptible  of  genei-al  and  local  altemtions ;  general  alterations,  be- 

the  heart  itself  is  capable,  as  already  indicated,  of  being  modified 

its  activity;  and,  second,  because  we  see  that  the  smaller  arteries  are 

Ipplied  with  tissue  whieh,  by  regulating  the  calibre  of  the  blood-vessels, 

eapable  of  regulating  the  amount  of  blood  sut>plied  to  difierent  organs. 

meehanism  by  which  this  suppl}'  is  governed  will   be  alluded  to 

ly, 

Bfood  Presmre. — In  the  arteries  in  their  normal  state  the  elastic 

b  in  a  condition  of  distention  beyond  its  point  of  equilibrium.     In 

words,  the  arteries  are  vessels  overfilled  with  fiuid.    The  con  teats 


526 


PHYSIOLOGY  OP  THE  DOMESTIC  AJSHfALS, 


of  the  ressels  must,  coTiscqtiently,  produce  pressure  on  the  walls  of  the] 
Ijlood-vessels  to  a  sutficient  degree  to  prevent  the  regainmg  by  thsrlMtfoj 
tissue  of  its  position  of  e<|uilibriuin»  Such  a  tension  as  alreiidy  descnbedl 
is  one  of  the  importnnt  fnetors  in  lilnod  pressure.  B}^  blood  pressure  ill 
meant  tlie  pref^sure  wliicli  the  !>luod  exerts  on  the  wails  of  the  vesi 
Uy  arterial  tension  is  meant  tlic  pressure  wliicli  the  walls  of  the  ve 
exert  on  their  contents.  It  is  thus  seen  that  these  two  terms  are  miitujillj] 
conveiliMe.  Tiie  pressure  which  the  blood  exerts  on  the  walls  of  tbe 
vessels  is,  of  course,  dejwndent  iifion  the  energy  of  the  contraction  of  tbf 
hen  It  and  tlie  resiHtnnee  wliieh  the  en|»iHaries  offer  to  the  onward  motion 
of  tlie  Wood.  The  pressure  which  tlte  elastic  walls  of  the  arteries  eiert 
on  their  contents  will,  of  course,  again  depend  ujjon  the  amount  of  blood 
containe<l  in  the  arteries  and  tlieir  consequent  distention,  an*!  while  tlil*, 
again,  as  we  shall  see,  is  capable  of  l>eing  mmlified  by  different  cause*,  it 
is  mainly  dependent  upon  the  activity  of  tbe  heart.  Blood  pressure  i* 
measuretl  by  estimating  tlie  pressure  which  the  blood  exerts  on  the  r;^- 
cnlar  will  Is. 

It  has  l>een  mentioned  that  when  an  opening  is  made  in  the  walls  of «  ■ 
artery  the  l>lood  escapes  thererrom  in  jets,  and  it  is  found  that  tlie  hrr'  ^ 
the  artery,  and,  const-quently,  the  nearer  the  opening  is  to  the  beArt, 
higher  will  Ik?  the  jet  of  blood  and  the  more  intennittent  will  brtiie 
flow ;  this  indicates  that  the  blood  pressure  is,  therefore,  greater  in  the 
large  vessels  than  In  tiie  small  arterioles,  and  is  only  what  is  to  be 
expected  from  the  conditions  which  are  necessary  for  the  maintcTianet'of 
the  circidation.  It  has  been  statt^d  that  the  arteries  snlwlivideil  into 
flmaller  and  smaller  vessels,  and,  consequently,  the  friction  proiwrtionally 
increases  with  tlie  minuteness  of  the  vessel  It  is,  therefore,  evidept, 
further,  that  the  pressure  in  the  large  arteries  must  be  higher  tlinii  iutlif 
arterioles,  and  in  all  arteries  higher  than  in  the  veins. 

The  lilood  pressure  may  he  dirrrlly  measiiivd  In  any  accessible  uncrr  H 
directly  ccMimiiin*?  a  rnanoineter  with  llie  mterior  of  the  vessel  (Fitr.SIH),  !^"fA 
an  Insiramenl,  in  its  simplest  form,  foiisists  of  a  y-slinped  tube  containing  rritnii? 
in  its  lower  part*  the  distal  cud  tieiiiir  free  to  ihe  aimosjihere,  and  thf  ^>r\urtt*l 
end  r*mneef(!d  directly  wiiii  the  ini<*riorof  the  blnc>d-v«?sfiel.      If  tI  '" 

the  bloocl-vesfsel  is  i^realer  than  llie  atmuFiphedc.  pressure,  it  is  t  ^  ' 

mercury  will  he  depressed  In  «he  proximal  arm  and  rise  in  the  d  ' 

the  diff^-^reiiee  iu  lielkrlit  between  t!ie  fnhitnns  of  tuorciiry  in  the  t\\ 
the  prcKfture  uxerled  by  the  Huid.     Sneh  an  experiment  is  termed  u  :  .        ,       '^^ 
experiment,  mid  is  rei\di!y  performed  im  any  of  our  domeslrc  anltnatfl. 

To  make  a   bl^iod -pressure    experiment,   the   animal    e^honld   Ix*  w<iw<7   i 
fastened  and  the  artery  exposed  tliron^h  an  ineisimi.     In  Ihc  dog.  in  wlnrh  m«J 
experiments  may  he  most  conveinently  performed,  the  arterie*  ii«niiHv  fii*"' 
mented  on  are  the  carotid  or  the  femorab      To  ex|wi«e  the  car.      '  '    '** 

h  removed  from  the  front  ]»arl  ot  tlie  neck,  and  nn  incision.  ^ 

length,  made  in  the  middle  of  the  neck,  at  the  anterior  bordi-r  i-i 
toid  musele  :  the  platysma  and  sulicntaneous  tuscia  are  then  brvik' 
foreepfl  or  blunt  hook*,  and  the  fiterno-mnstoid  nuiscle  pushed  to  Ui 
the  artery  is  restdily  found  lyinji^  benesUh  it,  the  |>n*^umo^astric  nerve  r 
the  aaiueBheatiu   The  bundle  contaiuing  the  paeumogivstric,  ihe  s<juii«iiii 
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carotid  arteries  is  then  raised  on  a  blunt  htiok,  the  ronncctive  tiismic  gently  torn 
«way  with  two  pairs  of  forceps,  and  the  artery  freed  from  the  aurroiin ding  nerves 
and  fibrous  tinsue.  After  Ihe  b] cm »d- vessel  Is  so  isoIakHl  for  a  distance  of  about 
an  inch,  it  i»  firmly  ligated  at  the  tixtremity  of  the  free  portion  nearefit  to  the 
head,  and  a  thread  h  then  tied  in  a  loop-knot  around  the  artery  at  I  be  end  of  its 
freed  extremity  nearest  lo  the  lieart,  A  small  cm  is  then  made  in  the  interme- 
diate fHjrtion  with  a  piitr  of  scissors,  and  a  slightly  constricted  glass  lube  inserted 
into  the  interior  of  the  artery  and  bound  fast  with  a  thread.  This  ginss  lube  is 
then  to  t>e  filled  by  a  pijiette  with  a  saturated  solution  of  sodium  bicaibonale,  to 
preventroaffulatiofiof  the  blmid,  and  the  cannula  then  connected  by  thick  rubber 
tubing,  also  filled  with  the  Piime  solution,  with  the  proximal  arni  of  the  manome- 
ter. Care  should  be  taken  that  all  air-bubbles  lire  removed  from  the  cannula* 
nibbcr  nil>e,  and  proximal  arm  of  the  manonicter,  so  that  the  entire  tubing,  from 
the  level  of  the  mercury  to  the  interior  of  the  carotid,  is  completely  tilled  with 
ioda  solution.      If,   now*    the   Blip-kuot  previously   tied  around  the  carotid  is 


Fig.  2]fiu— MERCtTBiAL  Manoktitkii  Fon  Measuring  axd  REC0iti>u«o  thb 

BLiOOD  PaESj^UKK.      {Yco,} 

««  pft»{iBftt«  limb  of  the  nlftnnnjfter;  A,  union  nf  the  two  liinh*  of  ttie  iniittoin«tcr:  *,  |li«  toJ  floflttn^ 
la  th*  mrrc9Tj  cmrrJM  th«  nrritlDi  pcdnt :  *L  •u»|i-a>ck  thrfMigb  wliieh  tim  kmUuhi  VitMrbotuite  mu  b« 
lstniditcs««l  Wtwcvn  iba  Mood  Abd  to«  Bi«rourf  of  the  mAuoiii«t«r. 

ned.  thus  pfitablisbing  communication  between  the  interior  of  the  artery  and 

lif  manometer,  the  btood  at  once  rufshes  from  the  artery  into  tlie  connectingtube, 

nd  so  causes  the  level  of  mercury  to  he  depressed  in  the  proximul  urm  and  rise 

the  diRlal  arm.     This  rise  of  mercury  occurs  very  rapidl3\  in  jerks  correspond- 

g  to  the  bfats  of  the  heart,  and  s*oon  reaches  Hh  maximmu.     Wlien  this  point  is 

^talDcd,  the  mercury  does  not  rcnvain  level,  but  undergoes  rapid  oscillations, 

pjich  rise  corresponding  to  the  systole  of  the   ventricle,  each  fall    correspond- 

[mg  to  the  diastole.      If  a  float,  swi mining  on  the  top  of  the  mercury,  in  the 

distal  arm  of  the  manometer  he  allowed  to  record  its  up-and-down  movement! 

nil  II  moving  surface,  as,  for  example,  the  revolving  drum  of  ibe  kymographioa 

[(Fig,   2UI),    a  series  of  curves  will   be  produced,   in   which   each   ascent  cor- 

iponds  to  the  contraction  of  the  ventricle,  each  descent  to  its  diastole  (Fijef. 

In  the  experiment,  as  above  described,  it  is  evident  that  a  constderable 

iiUly  of  blood  will  l«aveth«  arterial  syE»tGm  aad  fiU  the  tubi^  ofthcj  manometer. 
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To  avoid  this  loss  of  hlood,  it  m  lliercfore  advisable  to  mjecl  lUe  fiodmm 
niite  Boluiion  into  the  tube  of  the  lutinotueier  until  the  cohimn  of  ini^n'my 
been  eleTiiicd  to  the  height  which  will  probably  correspond  to  Ui*l  of  Uie  meto 
arterial  pressure. 

Comparative  experiments  made  in  the  above-described  nutnnerwi]] 
show  that  the  bload  pressure  is  considerably  higher  in  the  arteries  Una 
in  the  veins,  and  greater  in  the  large  nrteries  than  in  the  arteriit 
brandies  (Fig,  221);  so,  also,  the  pressure  may  be  demonatmted  to  Ijp 
higher  in  the  smiill  veins  than  in  the  larcje  veins  at  their  o|>emn^  into 
the  heart  Experiment  will  further  show  that  in  the  veins  the  prtisHiire  k 
almost  constant,  overlooking  the  insigniticant  variations  which  are  <liie  i  > 
respiration ;  so,  also,  tlie  pressure  will  be  found  to  be  almost  con^Uiit  u 


? 


Fio.  219,— LrnvvrQ'8  Kymooraphio.v,  ah  !    >      ;    ■ 

Th«  nnlliiaiy  rorro  itf  MUlio^.  h1«v«>kttn»il  oTU»id«r(Rr  ntJn 
(k)  hy  m«sni  r>r<he  duh  i  lit  t>n»MthfC  -m  th«  t*1ie«1  (n),  y^^iicU  ' 

•o  M  in  roN  nil  •  part  itf  tho  tli«ll  in*»r«  nr  I«m  n«<%r  Ui«  caiitn,  i^nt  lliui  ri>Ul«  «|  auTercui  ] 
vjtlatttr  Hiajr  W  mlfttl  bf  ih«  wrvw  (t)  wKloh  la  ttint*d  hy  tli«  haadi*  (ti>. 


•  Itl 


the  small  arteries,  while  in  the  large  arteries  considembl 
corresfKjnding  in  their  inerease  to  the  systole  and  their  d*j 
diastole,  are  invariably  found.  It  is  evident  that  the  mean  ljetw«cat^ 
maximum  and  minimum  pressures  in  the  arteries,  as  iTi  *'  '  *  V^s* 
oscillations,  will  repri'sent  tlie  force  which  is  eoncerui  i'^^* 

sion  of  the  blood.  Although  theoretically  and  practically  the  |KWWfln 
decreases  as  the  distance  increases  from  the  heart,  vet  in  ~*«tt 

which  is  not  too  small  to  be  subjected  to  sucli  manometricai  «** 

it  will  be  found  that  the  pressure  will  be  «l»ghtly  affected,  not  more  ihMi 
one-tenth  lower  than  the  mean  pressure  in  the  aorta.  This  fact  iiKli«i<<* 
that  the  blood  in  moving  through  the  arteries  has  to  overcome  but  slis^ 


pirMMkre  is  fn^icsfwl  tii.v  ti»t  e1«vatiun  of  th4»  aurve.     Th«  iiuciib«n  to  tltv  laft  fiv«   Ui» 
»|afitiiroiiBA*»ij:i  in.  mlUlnuMiiirt  of  meroary. 
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resistance^  evidently  to  be  expUuned   liy   tii<?  fact  that  as  the  art^/iiij 
divide  their  total  calibre  iiicreasert.     If  the  mean  pressnre  in  the  art^rr  \ 
is  tneastired  at  different  times  it  will  be  found  to  be  subject  to  vt-ryi.TWt 
Tariatioiis,  from  causes  which  will  snbsequently  receive  attenttou. 

Tlie  average  blood  pressure  of  nuiiimials  is  by  no  nieuii8  defK-mlpot 
upon  the  animal *s  size.  In  all  cases  the  arU^rial  blooil  pressure  mn\  k 
stated  as  exceeding  the  atmospheric  pressure  and  varying  belww*n  <m 
hundred  and  two  hundred  millimeters  of  mercury. 

The  following  table  gives  various  estimateB  of  the  mean  arterwl_ 
pressure  in  different  animals  ( V^olkraann) : — 


AnlmuL 

Mi 

pan  l*re8.Hure  In  mm. 

of  >l<»rcurii 

Horse,  , 

.    321  mm. 

(Lndwig)     in  the  eiirotid  i 

Hor«e,  , 

.     214     '■ 

** 

♦• 

llorne.  . 

.     loO     - 

(Spengler)     ** 

hniehial 

Hor^e  (old J., 

.     140     " 

'♦ 

** 

Sheep,  > 

.     tiOfS     '' 

(Lutlwig) 

carotid 

Shcup,  . 

.    \m    '* 

(, 

•• 

Hli(H-p.    , 

.    \m    '* 

(Blake) 

brachial 

Sheep  (old), 

.       HI  J     " 

'*                •♦ 

** 

VM.       . 

.     177     - 

(Ludwig) 

carotid 

Calf,       . 

.     KS5     • ' 

(Spengler)     ** 

" 

C^alf,       . 

,     153     •* 

M 

bmchial 

CaU;       . 

.    i:i3    " 

(Ludwig; 

Dog  (iarge),  , 

.     172     - 

M                   *» 

carotid 

Dog,      , 

.     157     - 

(Blake) 

bmrliial 

Dog.       . 

.     1H«     •* 

(Spengler)     ** 

c-artitid 

Dog,      , 

.    I4;j    - 

(Ludwig)      ** 

brachial 

Dog  (young), 

.     104     - 

■  < 

•* 

Goal,     , 

.     KW     " 

li               ** 

♦• 

(^11. 

.     150     " 

••               •* 

f  i 

Kai)hJt, . 

.       IH)      *■ 

*♦               *• 

•* 

OfMiHe^  .         , 

.   \m   *' 

(Bhike) 

carotid 

Stork,    . 

.   Ifil    - 

f« 

•' 

Pigeon, 

.     157     " 

41 

hmchial 

The  facts  thnn  reached  experimentally  as  to  the  gradnal  deereaae  im  | 
pressure  from  the  arteries  to  the  commencement  of  the  veins  ai»d  from  J 
there  to  Uie  laro^er  venous  trunks  completely  explains  the  constant  eup 
rent  of  btood  from  the  arteries  to  the  veinA,    The  blooil,  therefore,  movis 
in  a  circle  from  the  heart  to  the  arteries,  throtigh  the  capillaries  Ui  th 
veins,  an*!  from  the  veins  to  t!ie  heart,  to  again  enter  the  aiterial  system^ 

The  Vetociiy  of  the  Blood, — From  the  fact  that  the  arteries  ils  thejrJ 
pass  into  the  capillaries  increase  immensely  in  area, and  us  the  cnpiUarie 
PASS  into  the  veins  a  corresi>onding  »leerease  is  found,  it  is  U\  be  expt^ctedt^ 
that  the  velocity  of  tlie  l>lood-tMjrreut  will  be  greatest  in  the  veasels  ne 
the  heart.      As  the  blood  leaves  the  heart  to  pass  into  the  Aorta 
%'clocity  of  the  current  is  at  its  maximum  ;  it  then  gradually  decresuses  i 
the  capillarii'sare  rt»achcd^  then  undergoes  a  sodden  retardation,  and  agailid 
as  th^  blood  is  collected  from  the  capillaries  in  the  veins,  the  cufTeni| 
moves  with  an  increasing  velocity  as  the  right  side  of  the  heart  is  aj>^ 
proached.     No  absolute  ligures  can  Ije  given  as  representing  the  norm*! J 
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Telocity  at  any  point  in  the  hlootl-vessel  system,  since  uieueurements 
'%Vow  that  at  an}^  one  point  the  velocity  is  subject  to  very  great  vaiia- 

The  velocity  and  pressure  of  the  blood  at  any  given  point  do  not 

corresfKjnd,  and  may  even  be  in  inverse  ratio ;  thus  many  causes,  snch 
as  obstruction  of  any  part  of  the  vascular  system ,  wtil  increase  the  blood 
jirt^sure  at  that  |K>int  and  decrease  the  velocity.    As  a  rule»  the  pressure 
,  any  point  depends  upon  tlie  distance  of  that  point  from  the  heart, 
Ibether  in  the  arterial  or  venous  system,  while  the  velocity  depends  upon 
I  cipacity  of  the  vessels  at  that  point. 
Where  the  area  of  the  circulatory  Bystem  is  very  lar^e,  as  in  the 
^eapUlsiries,  the  blood  circulates  slowly,  just  as  the  current  of  ti  stream 
omes  retarded  as  it  widens  into  a  lake. 

Various  metliods  liave  ]>een  employed  for  calculating  the  rapidity  of 
[the  circulation  in  ditferent  blood-vessels.  The  following  represents  the 
I isiiiimtions  as  to  the  flow  in  the  arteries,  capillaries,  and  veins  of  tlie 
j  hor&e  ( Volkmann ): — 

Cftrotid  ft H cry JKIO  mm.  per  second 

Maxillrtry  arteiy,    ,         .        ,        .         .     1li5     •*       " 

Metiilrtrsal  nrtery,  .....       50 • 

Ciipilhiries,     ....         .  0.5  lo  0  8 • 

Jugular  vein, 100     "       "        ** 

Vena  cava, 110    " 

Clifiuveaii  estimates  the  velocity  of  the  blood-tlow  in  the  carotid  of 
tbe  horse  as  varying  from  52(1  to  150  mm.  per  second ^  the  highest  velocity 
<"<»3ristitig  with  the  systole  of  tlje  ventricle  and  the  lowest  with  its  dias- 
tole.   In  the  larger  veins  respiration  also  produces  constderuble  varia- 
tion in  the  velocity  of  the  tlow,  tlie  velocity  being  increased  in  inspira- 
tion ami  decreased  in  expiratit*n.    The  velocity  of  the  eircuhition  through 
any  one  vessel  may  be  moditxed  by  a  numVier  of  causes;   provided  the 
itrtery  maintains  its  calibre  unchanged,  the  velocit}^  would  evidently  be 
^Inpt-ndent    upon   the   propelling  force.      Therefore,  an  increase  in   the 
tuergy  of  the  heart's  contraction^  the  calibre  of  the  arteries  remaining 
unchanged,  will  produce  an  accelerated  flow  through  those  vessels,  while 
decrease  in  the  heart's  energy  will  correspondingly  retard  the  arterial 
nt     On  the  other  hand ^  the  heart's  energy  remaining  the  same,  a 
^llktation  of  the  artery  will  cause  a  slowing  of  the  current,  and  a  reduc- 
tioD  in  the  calibre  of  the  artery  will  cause  the  current  to  become  acceler- 
ated.   So,  also,  if  the  resistance  to  lie  overcome  in  the  circulation  of  the 
Mood  be  reduced,  as  by  the  relaxation  of  the  capillaries,  the  energy  of  the 
lieart's  contraction  and  the  calibre  of  the  artery  remaining  the  same,  the 
Telocity  of  the  blood-current  will  be  increased  ;  while,  again,  an  increase 
in  the  resistance,  the  other  conditions  being  unchanged,  will  retard  the 
Wood-flow. 
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Various  attempts  hiive  been  made  to  calculate  the  time  required  bjr 

the  blood  for  imikiii^  one  complete  circuit  of  the  )K>dy.  The  method 
whicli  is  generally  accei>ted  as  giving  reliable  results  is  what  is  known 
as  the  ''  transfusion  method  ^*  of  Ilering,  and  consists  in  injectmg  into 
one  of  the  jugular  vein^^  toward  the  heart  a  solution  of  some  salt,  th<^ 
presence  of  which  in  the  hlood  may  i>e  readily  recognized  by  chcmioii 
tests,  and  in  tinding  how  ^^ooti  after  tlie  injection  the  salt  apjiean  in 
the  blood  couiiug  from  the  hciul  in  the  corresponding  vein  on  llie 
opposite  side  of  the  iiet^k.  As  determined  hy  Vierordt,  thedurauonof 
the  circulation  in  ditfereut  animals  is  as  follows: — 


Ihirse, 

111. 5  seconds. 

Goose. 

iOm  iseeondB. 

Oojr. 

HI  7      "• 

Duck, 

1(104      ■' 

Rtif>lih, 

T.T9    " 

Blizzard,     . 

1)73      ' 

Hedgehog, 

IM     " 

Fuwi, 

5.17     '' 

Cut.    , 

i\M    *■ 

By  comparing  these  rnHiiliers  with  the  frequency  of  the  \mkc  lu 
these   auiinals^  the   deduetiou    hi»s    la-en    made  that  the  circuktion  t* 
accomplished  in  27  heart4>eata.      From  this  the  amount  of  blood  thrn^" 
out  at  each  contraction  of  the  ventricle  may  Ijc  calculated:  for  if  tin' 
eutire  amount  of  blood   passes  through  the  heart  in  27  pidsatioii^,  '"'^^ 
pulsation  will  throw  out  ^\  the  total  amount  of  bIoo<l  in  the  h(Kly,iin'i 
placing  this  amount  at,  for  example,  ^\  of  the  l»ody  weight  in  a  n^*" 
weighing  <>5.8  kilos,  the  ventritdew  Mt  each  [lulsation  will  discbnrge  l^'-^ 
grammes,  the  amount,  of  coiirsi-,  being  the  same  for  both  ventneles.  l^ 
we  assume  that  these  daUi  are  ap[troximatel\^  correct,  the  work  tlonr  l? 
the  heart  may  be  calculatecL      One  kihigramnie-meter  is  a  force  wbirli'n 
the  unit  of  time  can  raise  one   kilo  one  iiteter  InglL       If,  therrfore, ti" 
left  ventricle  expels  0.188  gramme  of  hlooil  against  the  pressure  of  W<>(*' 
in  the  aortal  (250  mniigrammes  of  mercury  or  3.21  meters  of  hloodlJ^^ 
work  done  at   e«eh  systole  is   0. IMH  X  3.21  =  0Ji04  kilograuiiti 
If  the  nnndier  of  bciits  is  75  per  ndnute,  then  the  work  done  in  i 
four    hours  =  (O.fiOi  X  T5  X  «0  X  24)  ==  fl5,230.  kilogranunLvmeOt*, 
while  the  work  dotic  hy  the    right   ventricle,  since  the  (iressar' 
piilmonary  artery  is  only  one-third   that  of  the  aorta,  will  be    ' 
this  amount,  or  21,740.  kilogramme-meters:  and  lM>tb  ventricles  tcgrt^ 
will  <h>  a  work   of  Hri,907.  kihigrnmine-mctcrs  in  the  twenl\*fotir  h«n^ 
Shiee  part  of  this  work  is  converted  into  heat,  the  contractium  ^^^^^ 
heart  assist  tn  maintaining  the  luidy  tempenitnre* 

In  the  case  of  the  ox  it  has  been  estimated  that  0.75  liter  of '''"^ 
19  driven  from  the  left  ventricle  at  each  systole,  and  since  tb*' }''"' 
in  this  animal  averages  50  per  minute  37.50  liters  of  bloo<l  ffil'  P*^ 
through  the  heart  in  each  minute,  or  1*00  liters  in  twentv-four  lio«^ 
The  si»ecific  gravity  of  the  blood  being  1045,  18,810  pounds  of  h\od*^ 
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times  tJie  IxKly  weight,  will  be  set  in  motion  by  the  contmctions 
'or  each  veiitrielt%  or  37,620  ponntls  in  all.      If  it  he  [itlmitted  tliut   the 
lunoimt  of  blood  in  the  ox  is  ^^  of  tlie  body  weighty  or  52.18  pounds, 
uml  each  systole  propels  0;75  liter,  or  I|  {>ounds  of  blood,  thirty -five  con- 
actions  of  the  heart  would  Ih?  needed  to  drive  the  entire  amount  oin-e 
ffomul  the  body;  or,  the  pnlse-rate  Wing  60  per  minute,  the  cireuhition 
mid  be  completed  in  forty -two  seconds.    It  is  evident  that  these  figures 
nn  opposition  to  the  estimates  obtained  by  Hering's  method,  whieh, 
pn'conling  to  Vierordt,  |>hit'es  the  duration  of  the  cirenhttion  jis  equal  to 
llie  lime  required  by  the  heart  for  making  twenty -seven  pulsations,* 

Tfi€  False, — As  the  left  ventricle  empties  itself  into  the  aorta  it  is 
compelled  to  overcome  the  jiressnre  of  the  blood  rdready  contained  in 
the  arterial  syHtem  and  two  i>heuomena  result^ — an  acceleration  of  the 
current  of  blood  toward  the  capillaries  and  the  dilatation  of  the  aorta  to 
M'ommo<late  the  additional  amonnt  of  blood  thrown  in  by  the  ventricle, 
III  the  deseripti*ni  of  the  physicfd  principles  concerned  in  the  jtaH- 
8sge  of  fluid  through  an  overtilled  system  of  tubes  with  clastic  walls, 
;  was  stated  tlmt  at  each  introduction  of  tluid  a  wave  was  produced 
rapidly  traversed  the  wall«  of  the  tube,  its  velocity  of  movement 
[proportional  to  the  tension  of  the  walls  of  the  tulx%  while  its  cause 
*as  found  not  in  the  passage  of  the  fluids  but  in  an  niJ^and-dowu  oscilla- 
tinii  of  the  walls  of  the  vessels.  Such  a  wave  of  oscillation  as  seen  in 
the  arterial  system  is  descrilaHi  as  the  pulse.  The  pulse  is,  therefore, 
^the  diastole  of  the  arteries.  In  the  arteries  which  are  close  to  the  heart 
this  fliastole  is  almost  synchronous  to  the  systole  of  the  ventricle,  but  a« 
the  (ii. stance  from  the  heart  increases  a  sensible  interval  may  Ite  rccog- 
iiixeil  between  the  contraction  of  the  ventricle  and  the  ajipearance  of  the 
pite.wave.  This  time  is  require*!  for  the  transmission  of  the  wave 
through  the  w^alls  of  the  vessels.    To  determine  the  time  retpured  for  the 

Itfannmission  of  this  wave  it  is  only  necessary  to  estimate  the  interval  of 
time  elapsing  lietween  the  contrai-tion  cd'  the  heart  and  the  appearance  of 
Ihe  pulse-wave  in  any  locality.  Tids  time,  together  with  the  distance 
of  the  point  examined  from  the  heart,  will  enable  us  to  calculate  the  rate 
^'f  iiiDvement  of  the  pulse-wave.    It  has  been  fouml  that  tijc  transmission 

*It  U  probable  tbat  the  data  on  which  the  above  e&lctilatioiiB  are  made  are  not  even 
ippmiimately  coitl-cI^  thouja;h  tht'y  may  perbape  eerve  to^veaj^t'neral  idea  oftheFubject* 
Ff^reJtpcpliFieDtal  prtwf  ^b  to  the  ditTtTerit  BOurceH  of  ermT  in  nerinpf'B  method  and  the 
^f^  of  c'alciilalliijj  the  aniouat  of  bbHwl  thrown  out  In  tbe  contractloue  of  the  ventrti'le6, 
*<*papen!i  In*  The  author — **A  New  Method  for  Determining  the  Amount  of  Blood  Thrown 
Into  the  Arterial  By*lem  l>y  Eaeh  Ventrieular  Syptoie/'  Philadetphia  Medieai  Timttt^ 
Jin.  sac,  1884.  and  "The  Time  Required  by  the  Blood  for  Makhjg  One  Complete  Circuit  of 
the  Body,"  Trannaciionit  of  the  Vollrg€  cf  Phynicittm^  PhUadelphla,  18S4,  and  American 
^OHmul  u/  tht  Medical  SchneeM,  Aprl!»  1884.  Alflo  W.  IL  Howell  and  F,  iJonaldaon, 
^'*pTOceedlii(r«»  of  the  Royal  8cnlety»"  No.  226, 1883  and  1884,  p.  139,  and  Stolnikow,  Archiv 
Anat.  u.  Phjffiolui/ie,  1886. 
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of  the  uik! Illation  i»  not  iinifarni  in  nil  segments  of  the  ttrtertal  s^'Stem. 
It  progressively  dimininbeH  froin  the  centre  to  the  periphery,  and  in- 
creases with  the  resistance  nnd  thtekness  uf  the  arterial  walls.  It  is, 
therefore,  more  rnpitl  ii]  the  arteries  of  tlie  inferior  extremities. 

It  has  \mmi  found  that  in  man  in  the  arterial  system  of  the  upper 
extremities  the  pulse-wave  travels  with  a  velocity  of  5.8  meters  per  sec- 
ond.    In  the  arterial  system  of  the  leg  the  velocity  of  movement  is  abont 
6.4  |>er  second.     In  young  individuals  iK^bre  maturity,  and  when,  tbcrc- 
fore,  the  arteries  are  more  exteusihle  and,  consequently,  less  elastic,  ihr 
velocity  of  the  pulse-wave  is  dimininhed,  it  then   heing  only  alxjut  four 
meters  per  second.     So,  also,  the  causes  wliich  reduced  the  blood-prt**- 
»nre  will  also  reduce  the  rapidity  of  movement  of  the  pulse-wave.    It 
must  not  l*e  forgotten  that  the  time  of  appearance  of  the  pulse-wave  in 
any  point  of  the  arterial  system  by  no  means  indicates  that  the  blood 
thrown  out  from  the  left  ventricle  would  in  that  interval  reach  the  i>oint 
at  which  the  |>u!se-wtive  is  jierceived  ;  for  l»y  comparing  the  vclwitiei 
of  movement  of  the   hlood,  even   in  the  vessels  where  the  velociU^  of 
movement  is  highest,  and  the  velocity  of  movement  of  the  pulse-wave,  it 
will  lie  found  that  the  latter  moves  with  ntany  times  the  higher  vehwity. 
The  onward  current  of  the  blood  in  the  arteries  at  points  at  a  di^tan<" 
removetl  from  the  heart  Is  due  to  the  blood  l>eing  raechaniciilly  pu&hH 
forward  by  the  increased  quantities  thrown  into  the  vascular  system  h\ 
the  ron traction  of  the  ventricle. 

When  the  finger  is  ajiidiefl  over  a  superficial  artery  rest  ins:  ujkju 
some  firm  surface,  as  on  a  l>one,  a  series  of  impulses  are  felt  which  coin* 
citle  in  nundn^'r  with  the  contractions  of  the  heart.  They  are  not,  baw- 
ever,  synchronous  with  the  heart's  contraction,  but  each  cblalalion  of 
the  artery  will  occur  at  an  apjireciable  interval  after  the  heart  si  e<)»- 
traction,  the  length  of  that  interval  corresponding  with  the  distance 
of  the  point  examined  from  the  heart.  This  intermittent  expansion  i» 
called  the  pulse,  and  corresponds  to  the  intermittent  outflow  of  the  blood 
from  a  severed  artery,  and  is  present  in  the  arteries  only,  bemgibs«flt, 
exce))t  under  certain  circumstances,  from  the  capillaries  and  veins. 

The  praeticiil  phenomena  concerned  in  the  production  of  the  ihAer*"* 
degrees  of  the  pulse- wave  may  l>e  reproduced  by  forcing  fluid  intermit 
tently  tlirough  a  tube  with  elastic  walls,  in  which  a  variable  resisUmt 
may  be  introduced,  and  by  so  arranging  movable  levers  in  eoiit^t  ^^^ 
the  walls  of  the  tube  as  to  enable  them  to  record  their  movements  fo* 
revolving  surlace. 

Th*'  following  iliagraiii,  after  Marey  (Fii^.  22*3).  represents  i he  curves  i*M''^ 
by  a  serins  of  levers  plnrecl  at  iuturvala  of  tweatj'  ceniimelers  alon|;  »n  'i^*-'<" 
tube,  itito  which  fluid  it*  tVireod  by  the  inU'rminout  strokes  of  »  pump.  WUh*^"* 
ulroke  of  (be  pump  ench  Iev«r  rises  and  I  hen  falls,  thus  deserihing  *  cur«*i* 
indicating  an  expan^iua  of  the  tube,  w*luch  travels  along  its  wutls  ia  tbeA>rv^ 


.VvAaAaaaKaaaaaaa/ 


Pig.  222.— PrT,HK-\VAVF-H  DE»rntBEn  by   Levkrh  Pi^ackd  at  Intekvai^  of 

TWKNTT    ('KNTIMKTBH-H    ON    AN     El.ASTJf    TUHK,    INTO     WUR'II     FLUID    IB 
KoRCED  BY  THE  Sitihjkn  Hthukk  UF  A  Ptmi*.     (Fufiitrr.) 

Thrt  palM-WftVC  U  mtrvllng  frum  left  Vt  rtrht :  A,  |<nn]iar>\  itni]  U  C  MH?andar>  wai>«i.     The  intervftli 
"^  th»  doCMd  llnai  ww^h  c4]rrM|toDd  to  Kv  Mrnail,  ilt^ttirtuined  h\   tlio  luntaiK'^fQrh  i'arv«  V,  Aod 


mremeat  of  tli«  VAlooitjr  of  cb4  wa%«.    ATA'  ■>» 


wftves  fhjBi  the  cIumkI  MUd  of  th«  tub*, 


an  appamtn!*  th<»  slpiteinpnt  silreatly  made  rb  l«  Ihe  condilfoiis  governing  ih© 
Ity  *>f  rraiismission  of  llie  \tiive  iniimlse  may  hv  readily  demonstrated.  The 
Tt^id  tliu  tube,  Mie  niorr  nxpUi  Hie  riiovemcni  of t lie  wave;  Ihv  more  i'Xlen- 
the  tiib«\  the  slower  the  wave  t ravel b.  Il  will  iiIbo  he  noticed  that  Ihc 
r  the  levers  tire  to  the  pnmp.  the  greater  will  he  Iheir  exeursion,  indicating  a 
•r  expan&it»n  of  the  tula'  at  ihat  i»oiat,  while  in  very  long  tubes  the  wave 
ally  decreases  in  intensity  until  it  often  becomos  scarcely  diBtinguishable* 
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Tte  sfttnecnMlitioii  applies  in  the  arterial  sy^stera  of  animals  i  the  nearer  the  M 
to  the  heart,  tlie  jirrealur  will  be  its  cxpanamn  qh  the  systole  of  the  ventricle 
the  stronger  wiirbe  the  pulse,  while  the  grealer  the  distance  the  leu  will  b^ 
expansion  and  the  weaker.  roiiRetiuenity,  will  be  the  puJse. 

It  has  been  mentioned  tlmt  the  descending  limb  of  the  curve  describe! 
such  levers  is  ordinarily  broken  into  a  number  of  secondary  undulations.  T 
may  be  due  to  vsiriotis  cjiiit*i^f*.  When  by  the  injection  of  a  mass  of  fliij4 
walls  of  the  tube  are  «listend<ui  ii«  they  retrain  their  position  of  equilibrium  li 
carries  them  still  farther,  until  the  point  of  eqniljbrium  has  lieen  passed  ;  fti^ 
then  takes  place,  and  so  on.  In  other  words,  each  point  of  t!ie  lube  i&  lUe 
a  series  of  oscillations  following  each  succeeding  wave,  and  which  are  due«ll 
to  the  inertia  of  the  walls  of  the  tube. 


FlO.  223.— Marey*s  Spitygmoobaph.    (  Yeo.y 
Tk»  timmB  B,  B,  B,  U  tuum»i  %o  thf  wHit  bv  th«  *tr&|«  kt  B.  B>  Md  lh«  tm^otthm  t«a|r 
I  Ibrtarai.    The  «ii4  of  th*  •ocvur,  V.  nutu  nn  the  <prtai;,  R,  the  batliia  of  which  11 
Anr  B»ciiliofi  of  the  button,  aI  R  i«  oomtnaointcxl  to  V,  whien  mov>t§  tii«  )i«r«r  L  u] 
fHMIiiaa.  cti«  t1<u!li«ik»il  •Up  uf  icIah  1«  nuid*  to  m* 
point  drmw*  •  r«enrd  of  th«  utuwiiMfliU  of  ttio  Itvcr 


ttlU««» 


th«  Ibrtarai.  The  end  of  the  •ocvur,  V.  reats  itn  tiie  <prtai;,  R,  the  batliia  «C  which  liwi  u«i  th*  radidi  attms^ 
Anr  B»ciiliofi  of  the  button,  aI  R  i«  oomtnaointcxl  to  V,  whien  mov>t§  the  ler^r  L  «»  «b4  44vm.  Wkmt  m 
potit^tL.  cti«  t1<u!li«ik»il  •Up  uf  icIah  1«  nuid*  to  mavt  airvftl/  bj  CiM  doek'Vwk,  It,  mt  tlMI  Ibt  vtti^ 


Again,  in  the  artificial  scheme  of  ihe  circulation,  if  the  resistance  hecood 
able*  or  if  the  end  of  the  tube  be  completely  obstructed,  the  wave  wil 
reflected  from  the  distal  end  of  the  tube,  and  will  ajcain  cause  %  &ccondiiy 
If  a  lever  (the  spliyirmogniph.  Fi;;.  'J23)  be  so  placed  on  an  artery  in  a  Bl 
animal  as  lo  record  the  movements  of  its  walls,  various  breaks  will  also  be  ( 
in  the  descending  Hmb  of  the  pulse  rurve  (Frg.  224).  The  inosl  importaul 
these  is  the  sii-ealled  dicrotic  wave,  which  is  more  or  less  marked  in  every  |H 
altboui*h  it  may  be  so  i'xiLiji*emtetl  as  to  |)roduee  the  impression  of  a  duA 
impulse,  or  may*  on  the  other  band,  be  scarcely  perceptible.  Anything  wl 
reduces  the  lensiiui  in  the  arterial  sy«lom  will  facilitate  the  developtneni  of 
dicrotic  wave.  Any  thin  31  w^hich  ijicrertses  the  rigidity  of  the  arteries  reducei 
degree  of  the  dicrotic  wave*     It  is.  therefore,  evident  that  the  dlcroltc  witi 


t  Hi,  21:l— TiiAciNu  Drawn  nv  MAJtEYii  SpiiVuiiut^UAru.    (  >Vu.j 

mainly  a  ware  of  oscillation,  due  to  the  inertia  of  the  walls  of  the  veitsels,  i 
being  reinforced  by  a  wave  *jf  expansion  reflected  from  the  closure  of  tlii 
valves-  When  the  conditions  are  especially  f'tvorable  for  producing  fttirh  1 
of  oscillation,  or*  in  other  w^orda,  wlien  the  walls  of  the  arteries  an*  es^ 
relaxed,  w^e  will  then  aumetimes  find  that  the  pulse-curve  in  its  desrcni  ' 
marked  by  iw^o  breaks,  the  first  of  which  is  then  s[K)ken  of  tka  the  pre-* 
and  the  second  as  the  dicrotic  wave. 

5.   The  Circl^lation  in  the  Capillaries. — The  capillaries 
of  minute  tiibiilcH  whose  walls  fire  coiiHtitiited  by  a  single  layer  «>rB 
parent,  tbin^  nuelentetl^  enctottielial  cells  joined  to  each  other  bf 


Fto»  22Sl— flMAi.L  Portion  or  FROf^s  Web,  Very  Hiohly  Magnified^ 

AFTKR   HUXLKY.       (YrO.) 
A,  Wftll  nf  n^lIUry  tqmwIi;  B,  Liuofl  IjJnf  tMStwMin  lh&  caplllarfM:  C,  »pithe1iiLl  e»1lli  of  th*  skin, 
OBlr  A«VB  in  part  of  «if)«ciin«<ti  where  th«  aarfus  t«  In  f^Mina ;  D.  nuclei  cir  th«  eptthelial  cmIIi  ;  E.  pigmt&V- 
••lis,  «HitnctiKi ,  F,  rati  bl4iipd'i>irpHH;1«ii ;  1*.  ll,  rwl  cwrftUMltii  axiateUDg  th«ir  wmy  thruugb  t  nurow 
tmfOlMxj,  ilMlvriBf  tbair  tlwtUsit;  ;  I,  rnhHo  hlinA-vml]*. 

ITTOW,  liver,  and  the  choroid  tunic  of  the  eye.  In  ail  probability  the 
wMs  of  the  capillaries  arc  not  contractile,  although  they  are  capable  of 
indergoing  variations  in  diameter,  this  change  in  all  probability  being 
^t  a  passive  nature,  owing  to  similar  phenomena  taking  place  in  the 
'tnall  arteries  and  veins.     Thus,  the  pulse  which  is  evident  in  inflamed 
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organs  is  not  due  to  rhythmic  contmctions  of  the  walls  of  the  capiUaries^] 
but  to  the  paralysis  of  the  walls  of  the  minute  arterioles  and  the  conse- 1 
quent  conduction  of  the  impulse  from  the  heart. 

The  circulation  of  the  blood  throu^ch  the  capillaries  admits  of  ready  j 
study  in  the  transparent  tissues  of  ditferent  organs,  such  as  the  web  of*  j 
frog's  foot,  the  lung  of  the  frog,  or  the  raeseiiterj  of  the  guinea-pig. 
When  Biicli  tissue  is  subjected  to  microscopic  examination  in  an  aninul  j 
rendered  motionless  by  the  injection  of  curare,  the  blood  may  be  seeu 
passing  in  a  continuous  stream  from  the  smaller  arterioles  through  the 
capillaries  to  the  veins  (Fig,  225),    The  arterioles  are  readily  recognized 
by  the  greater  velocity  of  the   flow  within  them  and   b}'  the  Ikct  tfi*l 
occasionally  faint  pulsations  synchronous  with  the  contractions  of  llie 
heart  may   be   recognized.      Under  ordiuar\'  circumstances,  when  the 
circulation  through  the  capillaries  is  examined  it  will  be  found  that  tb« 
corpuscles  pass  in  single  file  with  a  velocity'  usually  of  about  0,57  mm. 
a  second.     The  calibre  of  the  capillaries  is,  however,  the  seat  of  frequeM 
changes  whose  meeluininm  will  be  subsequently  studied.    Often  we  filiall 
find  that  the  capillaries  dilate,  and  we  have  then  a  stream  of  corpuscle* 
moving    several    abreast    through    them,  and   even   while   undergoing 
inspection  the  capillaries  may  be  seen  to  liecome  smaller  in  diamet*^ 
and  occasionally  in  certain  places  so  narrow  as  to  refuse  the  jjassAge 
of  a  single  corpuscle  j  the  blood  then  l»ecomes  blocked  up  behind  tlii?« 
contraction,  and  then  we  have  channels  dilating  behind  this  obslruclion 
and  currying  off  the  sUignated  blood. 

The  mean  blood  pressure  in  the  capillaries  has  lieen  placed  at  nlx^at 
thirty-five  millimeters  of  mercury,  but  it  is  evident  that  this  preissuif 
must  be  subject  to  very  great  variations. 

When  a  microscopic  examination  is  made  of  a  frog's  foot  it  is  tttf 
that  the  file  of  nucleated  corpuscles  move  witli  tlieir  axes  imrallel  Willi 
the  stream,  rotating  sometimes  on  their  axes,  and  occasionally  we  fin4 
an  evidence  of  the  flexibility  of  the  ret!  blood-cells  by  noticing  tlisi 
sometimes  one  of  these  cells,  striking  the  bi furcation  of  a  capill&n* 
will  l>ecome  doubled  on  itself ^  part  lying  in  one  liranch  and  pjirt  i& 
another,  until  finally  driven  along  by  the  cells  coming  lK.'hind  it 

The  white  blood-cells  will  be  found  to  be  moving  with  a  much  lowcf 
velocity  than  the  red  blood-corpuscles  (one-tenth  or  one-twelfth  a?  fn^t^, 
rolling  slowly  along  in  contact  with  the  walls  of  the  capillaries  oiii>iii^^ 
of  the  central,  rapidly  moving  blood -current.  Such  a  layer  is  termdl 
inert  layer,  and  in  nearly  all  cases  it  will  be  found  that,  while  the  r 
blood-cells  move  in  a  rapid  stream  through  the  centre  of  the  re5*<?l»* 
clear  space  between  this  central  column  and  the  walls  of  the  caf; 
may  be  recognized,  in  which  inert  layer,  as  already'  mentioned,  tht 
cells  may  be  nearly  always  found.    The  presence  of  the  white  bluod-< 
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lyiis  peripheral  layer  is  due  to  two  causes.  The  white  blood-cells  are 
ttttch  more  adhesive  than  the  red,  and  therefore  tend  to  cling  to  the 
aides  of  the  capillaries.  In  addition  to  this,  the  white  blood-cells  are 
lighter  in  specific  gravity  than  the  red,  and  it  has  been  noticed  that  when 
t  fluid  holding:  particles  in  suspension  of  two  different  densities  is  forced 
^thtoizgh  a  capiHiir}^  tul>e>  the  heavier  particles  will  always  pass  through 
*  rapidly  moving  axial  current^  while  the  ligliter  particles  will  be  in  a 
mrrent  by  the  sides  of  the  tul>e|  where  the  friction  is  greatest  and  where 
©tion  is  therefore  slowest. 

When  the  circulation  is  studied  in  tlie  vessels  of  the  mesentery  of 
I  warm-blooded  animal,  or  where  inflammation  is  produced  in  the  tissues 
^the  web  of  a  frog's  foot  by  mechanical  irritation,  the  corpuscles  may 
K[uently  l>e  observed  to  pass  through  the  walls  of  the  vessel  in  great 
ttliers  (diapedesis).  At  first  the 'colorless  cells  are  found  to  move 
ore  and  more  slowly;  several  accumulate  and  adhere  to  the  wall  and 
ultimatel}'  [mss  out  through  it,  during  the  act  of  pnssing  being  llnely 
dmwn  out  into  slender,  protoplasmic  threads.  It  is  doubtful  M-hether 
actual  stomata  or  openings  exist  between  the  cells  which  compose  the 
vascular  walls,  or  whether  tliey  simply  pass  through  the  cement  substance 
between  the  endothelial  cells, 

I.  The  Cieculation  in  thr  Yeins.— The  veins  are  much  less  elastic 
thwi  the  arteries,  and  so  do  not  remain  open,  even  in  a  dead  body,  alter 
the  blood  has  been  withdrawn;  otherwise  they  resemble  the  arteries  in 
«tnict lire, although  the  muscular  element  in  them  is  unecpially  distributed.* 
Tbe  veins  are,  neverthele.^s,  contractile,  although  unequidly  so,  and  may 
ohen  be  noticed  to  rerluce  in  diameter  when  tbe  iiart  is  exposed  to  tlie 
cold  or  to  various  other  irritations.  The  veins  are  very  dilatable,  and 
»re  in  capacity  much  greater  than  that  of  the  arterial  system  :  the  veins 
are,  in  fact,  capable  of  contiiining  the  entire  blood  of  the  body. 

When  a  vein  is  cut  the  flow  from  the  divided  extremity  oc^curs 
usually  from  the  distal  end;  that  is,  tiie  one  nearest  tlie  capillaries, alone. 
It  is  continuous  and  of  comparatively  slight  velocity.  Tbe  pressure  of 
till*  blocwl  within  the  veins,  as  determined  l>y  cnnneetiug  a  manometer 
with  them,  is  always  much  lower  than  in  tbe  arteries,  and  decreases  as 
the  lieiirt  is  approached,  where  during  inspiration  even  a  negative 
pressure  may  In;  noticed.  This  is  proved  by  tbe  constant  entrance  of 
tbe  lymph,  which  is  itself  moved  under  an  extremely  low  pressure,  into 
tk  large,  venous  trunks  at  tlie  root  of  the  neck.  In  the  sheep  the  mean 
pressure  in  the  bracldal  veiji  lias  been  found  to  be  four  millimeters  of 
mereur}' ;  in  the  crural,  eleven  and  four-tenths  millimeters  ;  in  tl>e  axillary 
tlie  pressure  is  usually  negative,  becoming  one  millimeter  negative 
during  inspiration,  and  three  to  five  millimeters  during  strong  inspira- 
tion, and  becoming  positive  only  during  forced  expiration.     No  pulse  is 
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to  be  detected  in  the  veins,  except  in  cases  where  tbe  small  arterioli 
and  capillariea  are  greatly  dilated,  as  in  tbe  case  of  the  secreting  glatu 
and  where  the  arterial  palse  iimy  l)e  directly  transmitted  to  the  veiiUL 
The  forces  which  occasion  the  movement  of  the  blood  in  the  veins  cobi 
sist  in  the  propnlsion  of  the  blood  by  the  heart  through  the  capilUriei^ 
a  vis  a  tergo;  a  vis  a/rontt\  found  in  the  aspiratory  power  of  the  luuj 
in  inspiration  and  of  the  heart  in  diastole^  aided  by  the  compression  ct 
the  venous  trunks  in  the  contraction  of  various  muscular  masses,  bf 
which  the  blood  is  forced  on  toward  the  heart. 

The  vclocit}'  of  movement  in  the  veins  is  much  less  than  id  tb« 
arteries,  and  it  is  greater  in  the  large  veins  than  in  the  small,  from  \h» 
reduction  in  the  total  capacity  of  the  venous  system. 

In  the  dog  the  velocity  of  movement  has  been  stattMi  to  he  aUji4 
two  hundred  millimeters  per  second.     The  veins  are  generally  furnishd 
with  valves  arranged  in  such  a  manner  that  when  any  increase  of  piw» 
sure  takes  place  they  become  closed  and  oliliterate  the  lumen  of  there*^ 
sel  and  prevent  the  blood  from  returning  to  the  capillaries.     The  rahe* 
are  formed  by  free  folds  of  the  inner  endothelial  coat  arranged  In  Uie 
form  of  either  single,  double,  or  triple  cusps.     They  serve  to  support  tk 
blood -coltimn  in  the  large  veins,  and  here  these  vesstds  are  funiisiit^i 
with  especially  tiiick  coats.     Where  local  pressures  are  not  apttouiH 
dergo  sudden  modilication,  we  find  that  valves  are  not  present;  thevtre, 
therefore,  absent  in  the  %^eins  of  the  brain  and  lungs. 

The  portal  vein  diders  from  other  venous  trunks  in  that  the  blfN^ 
circulating  in  it  passes,  not  into  a  larger  trunk  or  directly  into  the  litsirt, 
but  through  a  second  capillary  net-work  in  the  liver.  The  forces,  lio*^ 
ever,  which  move  the  blood  in  the  portal  vein  are  the  same  as  inolMf' 
veins. 

7.   Thb  Influence  of  the  Nervous  System  on  the  CiBCCLATiiMf— 
The  qiunitity  of  blood  supplied  to  any  organ  is  not  a  fixed  qimnllt}\brtl 
is  governed  by  the  demands  of  the  organ.     To  accompii!»h  tiii;*,  il  i*. 
evidently,  necessary  that  the  influence  which  produces  and  mainUiiw**^ 
circulation  cannot  Ire  a  fixed  and  constant  force,  but  must  be  cii]«Wf  •" 
modilication.      The  modilications  in  the  organs  of  circulation  may  l»f<» 
two  ditterent  kinds — modifications  in  the  force  and  frequency  "1 
hearths  pulsation  or  modifications  in  the  calibre  of  the  peripheral 
which  latter,  evidently,  may  lie  either  general  or  local.     Both  of 
variations  are  dependent  upon  the  influence  of  the  nervous  aysteOL 

3 Tie  Itiirinsic  Nervous  System  of  the  Heart, — The  conditions 
which  the  action  of  the  heart  depends,  and  the  means  by  which  it 
be   modified,  will  now  be  considered.     That  the   heart  conUins 
itself  the  conditions  necessary  for  its  rhythmical  movement  was 
to  Galen,  but  that  the  main  lactor  of  its  motor  apparatus  coosi*** 
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1  automatic  nervous  centres  aitunted  in  tlie  walls  of  the  heart  was 
X  pointed  out  by  Kemak.     These  cardiac  ganglia  are  three  in  nuinlier 
a.re  of  different  functionK;  two  are  motor  ganglia,  one  an  inhiMtory 
iglion.     Tiie  motor  ganglia  are  the  ganglia  ol'  Reniak,  sitnated  at  the 
ning  of  the  inferior  vena  cava;  the  ganglion  of  Bidder  is  sitnated  in 
left  auricnlo-ventrienlar  septum.    These  ganglia  arc  entirely  inilepen<i- 
of  the  will,  ami,  tinder  the  excitation  of  tlie  temperature  and  chemical 
ptjsition  of  tlie  btood,  communicate  to  the  muscnlar  fil)res  of  the 
rt  their  motor  im|>n!se.     The  inhibitory  ganglion  is  that  of  Lndwig, 
ated  in  the  inter-auricular  septum.      The  function  of  this  ganglion  is 
regulate  the  transmisKion  of  motor  iiii])ulses,  produced  hy  the  motor 
glia,  to  the  fibres  of  the  heart.     It  fulfills  this  end,  however,  not  by 
;ii)g  directly  on  the  muscular  structure  of  the  lieart,  but  through  the 
ineiliation  of  the  motor  ganglia ;  l>y  this  means  it  compels  the  motor 
ganglia  to  dis|>euse   the    power  which  they  develop   during  excitation 
rhythmically  and  moderately.     As  regards  the  manner  in  which  these 
ffanglia  produce  the  rhythmical  contraction  of  the  heart,  little  is  known, 
but  tliat  they  are  the  jirime  factors  in  producing  the  rhythm  of  the  car- 
diac revolutions,  with  its  various  modifications,  is  capable  of  exi>erimental 
demonstration. 

If  the  heart  be  removed  from  a  frog  and  placed  in  a  watch-glass 
t^mtaining  a  dilute  saline  solution,  it  will  be  seen  that  it  still  continues 
to  pulsate  in  as  exact  rhythm  and  as  vigorously  as  when  in  its  normal 
njndition.     Vnder  favorable  circumstances  it  might  be  kejit  pulsating 
for  many  hours.     This  is  not,  h4)wever,  the  case  with  the  frog  alone;  the 
liearl  i»f  almost  any  cold-blood eil  animal  will  beat  outside  of  the  body, 
and  a  similar  observation  has  even  been  made  on  the  heart  of  man.    But, 
to  return  to  the  share  of  the  motor  ganglia  in  producing  cardiac  pulsa- 
tion:  As  before  stated,  one  motor  ganglion  is  situated  at  the  opening  of 
tbe  inferior  vena  cava,  and  the  other  in  the  auriculo- ventricular  septum. 
If  the  apex  of  tlie  ventricle  be  cut  olf  from  the  base  of  the  heart  with  a 
pair  of  sharp  scissors,  <lividiug  tlie  ventricle  at  about  its  lower  third, 
infttantly  the  apex  ceases  to  pulsate,  while  the  remainder  of  the  heart 
j^till  goes  on  contracting  as  before.     The  apex  has  been  cut  off  from  its 
iuat<»r  ganglia.     It  may  Ix;  said  that  the  section  of  the  heart  has  destroyed 
Ibe  irritability  of  the  muscular  til>res  of  the  apex,  but  if  the  apex  \ye 
irritated  with  a  weak  induction  current  it  responds;  it  will  again  pulsate, 
to  again,  however,  becomt^  (piiesceut  on   removal  of  tbe  irritation.     It 
bas,  however,  lieen  stated  by  Meruncowicz  that  the  apex  fragment  will 
wM^hi  commence  to  pulsate  if  kept  supplied  with  delibrinated  blood  or 
Bwtrllcial  serum  ;    so,  also,  after  an  hour  or  more  the  apex  will  usually 
again  spontaneously  commence  tn  |Hilsate, 

Further,  if  in  a  narcotized  frog  the  ventricle  is  compressed  trans- 
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irersely  with  the  blades  of  a  pair  of  forceps  in  the  Hue  of  Incisioii 
the    former   experiment,  tliu   apex   will   eease  to   pulsate,  though   HiiUl 
supplied  with  its  normal  excitant  and  nutriment ;  it  has  been  sepamtai 
from  its  motor  ganglion.     If  the  apex  he  irritated  it  will  beat,  to  agiio  j 
become   motionless   on   removal  of  the  irritation.     This   condition  of  j 
atfairs  will  remain  for  an  indclinite  length  of  time,  even  for  as  much  u  \ 
three   weeks — the   apex  of  the   ventricle  motionless  and  gorged  witl  | 
blood  and  the  rest  of  the  heart  contracting  normally'.     If,  howerer.  tbt  | 
intra-cardiae  pressure  be  increased  by  clamping  the  aoita,  the  apex  wtU 
com  men  ee  to  beat,  but  iudeijendently  of  the  rest  of  the.  heart  and  at  i 
slower  rate.     This  being  so,  if  we  can  be  i>ositive  that  there  are  do 
ganglia  present  in  the  apex,  it  must  be  concluded  that  the  heart-moscle 
may  contract  independently  of  any  nervous  mechanism.     It  innnt  not 
be  forgotten,  however,  that  it  has  not  l>een  delinitely  proved  that  there 
are  no  ganglia  in  the  apex^  only  they  have  never  been  found.    The  posi- 
tion then  is  this- — 

A  fragment  of  cardiac  umsele  containing  a  motor  ganglion  will 
pwlsate  when  removed  from  the  botlv,  and  without  any  artificial  stimulos. 
A  fragment  of  muscular  fibre  unconnected  with  a  motor  ganglion  will 
remain  quiescent  until  it  receives  some  exterual  stimulus.  By  cutting  * 
heart  in  halves  it  will  be  seen  that  one  pail  pulsates  while  the  other  does 
not  If  this  subdivision  l>e  carried  still  further,  gradually  cutting  tk 
heart  into  fragments  until  they  become  microscopic  In  size,  and  some  of 
them  be  placed  under  the  microscope,  it  will  be  seen  that  some  fragments 
are  rhythmically  contracting  and  others  are  motionless ;  if  the  sub' 
division  lie  carried  still  further^  until  the  ultimate  libres  of  the  heart  art 
isolated,  in  nearly  all  the  contracting  fibres  will  be  found  ganglionic 
nerve-cells,  while  none  are  to  be  fbuntl  in  those  which  are  motionlesa. 

The  action  of  the  inhibitory  ganglion  may  be  aeeo  by  exposing  lb<?  I 
heart  of  a  frog  in  the  usual  way,  and  distending  the  a*sophagus  wilb  % 
short  glass  rod  in  order  to  bring  the  parts  exposed  into  mure  promineat 
view. 

The  apex  of  the  ventricle  should  be  seized  with  a  imir  of  force|» 
and  drawn  forward  and  to  the  right,  after  dividing  the  little  conneetin^j 
band  between  the  posterior  surface  of  the  ventricle  and  the  pericardiiun^ 
With  the  aid  of  a  delicate  aneurism  needle,  a  silk  ligature  is  to  l»e  pa 
between  the  vena  cava  inferior  and  the  ventricle  and  between  the  ven 
cava  superior  and  the  right  auricle  in  such  a  position  that  when  tight 
ened  it  will  grasp  the  line  of  junction,  which  is  market!  by  a  slight' 
groove,  of  the  sinus  veuosus  and  right  auricle.  After  8et*ing  that  the 
heart  is  pulsating  rhythmically,  the  ligature  shouhl  Ije  suddenly  tightened* 
and  it  will  be  found  that  after  a  few  beats  the  heart  will  stop  in  diastole, 
while  the  sinus  will  continue  to  pulsate  as  before.     After  a  few  momaits 
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the  ventricle  will  again  pnlHate,  but  its  rhytUrn  will  be  no  longer  syn- 
ch ronous  with  that  of  the  sinus. 

In  another  frog,  prepared  in  the  same  manner,  the  heart  may  be 
Beparated  from  the  sinus  venosiis  with  a  pair  of  scissors,  following  the 
line  of  the  ligature  in  the  preceding  ex[>eriment,and  the  result  will  Ijc  the 
same.  Cut  off  the  ventricle,  including  the  auriculo- ventricular  groove, 
from  the  auricle  Ix^fore  it  starts  spontaneously  to  pidsate,  the  ventricle 
immediately  begins  to  beat ;  the  same  result  might  have  Ijcen  obtained 
after  ligature  as  in  the  first  experiment. 

Or*  if  this  line  be  irritated  with  an  induction  current,  taking  care  to 
Include  the  sinus  in  tbe  current,  the  same  result  will  follow.  But  in  a 
frog  in  which  j^^j^j^  of  a  grain  of  atropine  has  been  injected  irritation  with 
the  electric  current  will  have  no  ctlcct;  while  if  tbe  lirst  experiment  is 
repeated,  l>v  ligating  this  line,  tlie  heart  will  stop  as  before. 

What  inference  can  1h?  drawn  from  these  experiments  ?     It  has  been 
stated  that  the  ganglion  of  Remak,  a  motor  ganglion ^  is  situated  at  the 
opening  of  the  inferior  vena  cava,  that  is,  in  the  sinus  venosus  j  also  that 
the  inhibitory  ganglion  of  Ludwig  is  in  the  interauricular  He[vtum,and  the 
motor  ganglion  of  Bidder  in  the  left  auriculo- ventricular  septum.     We 
may  assiune  that  Remak ■«  ganglion  is  an  automatic  motor  centre,  i.e*, 
"a  ganglionic  centre  in  which  energy  tends  to  accumulate  and  discharge 
itself  in  the  form  of  motion  at  regular  intervals,  the  length  of  which  varies 
with  the  resistance  to  the  discharge  and  with  the  rapidit^^  of  the  accumu- 
*l»tioa,-'  the  ph^'siological  grounds  for  this  assumption  l)eing  as  follows: 
The  succession  of  acts  which  make  up  a  cardiac  revolution  distinctly 
k*lHrt  in  the  sinus;  this  is  the  only  [>ortion  of  the  heart  that  contracts 
independently,  and  electric  excitation  of  this  centre  induces  increased 
I  frequency  of  contraction  of  the  whole  organ.     By  separating  tl*e  heart 
fpom  the  sinus  venosus,  either  b}'  ligature  or  by  amputation  with  the 
ciiSRors,  we  not  only  remove  the  heart  from  its  main  motor  centre,  but 
^1*0  irritate  the  inhibitory  centre,  and  ho  cause  arrest  of  the  pulsation 
|f>r  the  heart*  while  tlie  sinus  containing  the  motor  centre  gm^s  on  eon- 
acting  as  before.      After  a  few  minutes,  however,  the  inhibitor}'  e fleet 
^Uced  through  irritation  passes  otf,  and  then  the  motor  ganglion  at  the 
*te  of  the  ventricle  starts  the  heart  again.     So,  when,  without  waiting 
the  inhibition  to  pass  otf,  we  remove  the  ventricle  from  the  auricles, 
*6  motor  ventricular  ganglion  is  released  from  its  inhibition  and  starts 
^^  heart  again.     Tlu^  etfect  is  somewhat  diJferent,  however,  when  we 
itate  this  line  with  electricity  ;  then  the  stoppage  is  due  alone  to  the 
^*<ibitory  action  of  the  ganglion,  and  when  this  passes  off  the  heart 
'^'il^tes.      So,  when  this  inhibitory  ganglion  is  paralyzed  with  atropine, 
^^tric  irritation  is  powerless  to  stop  the  heart,  while  ligature  by  re- 
^Vjj  of  the  heart  from  its  main  motor  centre  prevents  pulsation. 


the  presence  of  motor  gangliu,  and  that  the  heart  may  he  slo^ 
etopped   either   through   iiihibitioii    tYum   irritation    of    the   inliib 
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eiDgliou  or  removal  of  tin.'  heart  from  tlie  iufiueuue  of  the  iimiu  motoT 
tnglion. 

To  QiiTTy  this  siihjoci  Flill  iurtlicT,  n  uune  fleliositt*  ni(^ans  of  experimental  ion 

Msl   he   useii.      Poisniis   mut^t   bi-   iimiil«*y"-il    t\^    in&!nunent«4   uf    in vef^ti Ration. 

ijimi!M«il<ii:y  hus  inth'ed  in  itiis  hne  ahiiusl  run  ttliead  nf  physiology,   for  it  has 

t^Q  tlircMi^h  the  study  oT  tlu'  act  Ion  ni'  {miIboiis  on  the  Ue»rt  that  our  eom|)lete  kleaa 

Ciinljac  physioh)gy  luive  tieiii  derived. 

Fi^,  224>  rt^iireseiiis  un  apimrains  devised  hy  Dr.  ('*mts,  id'  Ghisirow.  and 
«fe&Ror  Ludwig:,  ot'  LeipBie.  It  conpif^ls  af  a  reservoir.  A.  witli  a  slotiriick, 
eontuining  fre»h  srruin  ;  ii  ridd»er  tn\u\  C,  lead1n>r  iVoni  ttiis.  and  ac-aniinlap  E>, 
lie! I  is  to  be  insert t'd  inln  the  vena  cava  inrerior  ;  another  ea mini ii,  D',  ti>  be 
njrted  in  The  aorta.  <  fmneiied  by  tiihin>;  with  a  merciirml  manometer,  E.  i.e.,  a 
e  y -^ihapril  tu!je  partly  tilleti 
tL  niereur)',  and  siipportinji  on 
(  Jimb  of  the  erdumn  a  pittlon 
ttl  a  ]ong,  delicate  wire  ro<l,  O, 
)ve  it-      ^  SM- 

The  l>min  and  ppinat  rurd  of 
Frog  shouhl  bv  destroyed  l^y 
nrMliJcing  a  needle  into  tlie  eere- 
v«pmiil  laoiib  ttir  licarl  freely 
l¥>sii"d.  and  one  of  tlie  pneuint*- 
»lric  nervi^'s  careful  ly  tlij^neeted 
It  To  find  I  lie  vairiis  nenre, 
how  up  the  diverjring  aorta*  lo 
Here  tliey  eross  the  eiirtila;jriJiouR 
t*  of  tbt*  |Nrstcrif)r  iii»rtis  ot  the 
roM  hone  :  from  eacli  of  these  li]iH 
\v  pi'tro-hyoid  nuiself**^  ar<*  sren 
teaJDg  upward  and  tmelcward  lo- 
•ftl  the  *>eeipiial  ret^lon.  Tlie 
TTcr  Uirder  of  these  neiirly  par- 
Irl  fibres  is  the  guide  to  ijir  vatrus. 
bHi  IH  found  Ivin^  licncafli  its 
Her      edge.         ^^dlowin]^      tliene 

liBcleH  back  fnuu   tiirir  insertion  ]  i  ^/f  ^'^  /  ISH 

The  hyotd  bone  ttMhi'fr  orl^rln  in  tJ  ,1  H 

B  pi^trous  lMm(\  they  are  sei^n  \o 
crossed  first  liy  the  liyt><»irlt»gsal 
rre,  asrendiniT  inwanl  lf>  the 
lacles  of  the  toni?nc\  Nearer 
B  middle  line  antl  tVd lowing:  Mo" 
htf  loiirse  as  the  hy[)OirlosPa1 
icrn  the  ^losso-pharyn^eiil,  and 
•Ming  over  the  top  of  the  in- 
for  horn  of  I  lit;  hvoid  hojie  is 
Uryn^eal  nerve*  (Pl^.  227). 

Plaee  a  lbr*"ad  loosely  around  the  nerve,  so  that  it  eflu  he  eaisily  found  when 
mSred.  Tiie  ui'xt  step  is  to  insi  rt  the  cunaula.  H.  into  ilie  inferior  vena  lava, 
I  «erure  it  wiih  a  thrpad;  the  rannnla,  \y.  is  thi-n  innerted  into  one  aorta,  tlie 
mr  beinti  li^^ated.  All  the  other  orirans  may  hv  removed,  leaving  only  the 
tax,  Iieart.  ami  a  large  fraiinienl  ttf  skin,  S*  to  ecnerthe  heart  anil  nerve,  to  pre- 
t  drying.  The  oesophagus  is  now  distended  with  a  large  glafis  rod.  firmly 
Biped  to  an  upright  siand.  The  next  step  i*v  to  eonneet  the  vena  enva  by 
UD»  of  H^  i-annnln  with  the  reservoir  containing  serum.  Open  the  sU*p-eoek 
m  nionu-nt.  and  aHi>w  the  serum  to  jjasH  through  the  heart  and  apex  of  ilm 
»ial  cannula,  to  wash  out  all  the  blood  fnmi  the  heart.  The  arterial  cannula 
l«ii  connected  whh  the  msuunueler,  and  the^eruni  allowed  to  fl*>w  through  the 
iro  the  manometer  until  the  atr  In  the  proximal  is  entirely  expeUed  through 

tThen  the  apparatus  is  ready  fc»r  use.    The  heart  should  he  filled  so  full  that 
I  len&ioi)  exists,  even  during  the  diastole.     It  will  he  noticed  thai  ai  each 
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Pto.  228,— PrLsr  Tractno  of  thk  Fiioo's 
H  *•:  A  It  T.     ( S(t  Hftr  rmn . ) 


pulSiitioQ  of  tiR'  lu'iirl  tilt"  (oUimii  <»f  mercun'  sinks  in  one  arm  of  thod 
whilf^  il  rista  a  correspfrndiH^  (Ustiinet  in  the  other,  carrying  wilh  it] 
which  by  nieiins  of  iln  pen  inieeji  a  line  composed  of  a  suceessioii 
ihe  sQiokc(i  ^itrface  of  the  revolving?  ilruin.     The  aseending  JimU  of| 
eorrespniuls   lo  the  f^yshile  ot'  the   ventriele.   mid    tlie   descend  in  j^ 
diasloU'  (Ffi:;,  228).    6y  irritating  the  vugus  witli  a  weak  induction  ^ 
heurt  stojhs  in  dia>^t<dv.\i  result  simUar  to  thiit  oblJiined  in  the  prevhius^ 
whun   the  litu'  of  jtmction  of  the  tuirick^  tiiid  shins  vfnoNn?^  wa*t  rrrTtnt 
identical  re.Huh,,  Itttw  ever,  has  not  heeii  prodnci'd  hy  the  smiie  niechani^i 

be  seen  if  to  Ihf  scnim  in  ilu 
ji  few  (hi>t>s  of  dilnie  sohiijo 
tifo'  In-  added  ;  if  I  he  va 
rrril  tiled,  no  urrest  of  I  he  1 
Till'  viiiius  hiis  been  piiralyi 
tiio' ;  it  an  Icmj^cr  is  uhldl 
the  licMrt.  which  lieat<  fn^t^ 
fore.  (  WJH-n  the  nicotine  h  \ 
the  lieart  is  slowed.  »ini  tin 
eiicil.  xhv  shiwing  Iwing duet' 
effeclK  of  the  nicotine  on  X\\ 
irritating  it  hefore  it  piinilyy.t^ 
It  would  si'ctii  thiit  nicotine  iind  atropine  have  the  siime  HCiit»n/  Bi 
be  ri^nimiherrd  ihnt  :ift<M  atropine  poison iiiir  it  is  im{Hxssibl(s  to  slo 
throtigli  elect  rie  irritation  of  I  In-  siiuis  veaosu>. 

Hnt  if  the  sinns  venosiis  be  irntnted  in  the  heart  which  hn* 
nicotine,  it  will  stoti.  The  re  to  re,  nicotine  aiul  atrotdne  nmst  net 
in h Hm 1 1 iry  organ isnis. 

If  in  a  frog  which  lias  been  [duced  iinder  the  inthience  of  nicntii 
b«;  removed  and  jilaced  on  a  wateh-glEiss,  it  will  [misate  regulHrly.    tf_ 
aaliue  solution  contaiaing  a  litlteof  the  alknloid  musctiriiie  hv  |ihicVd  on!] 

it  rea!*cs  tti  htul  entirtdy,  and  will  reinuiw 
less.     Hut  if  while  at    rest  a  diDp  of  ii  I 
}it^<^|MlO'  be  tdaced  in  ihe  Jieart.  It  wilh 
t<*  bciil  again. 

If  in  two  fresh  I'logs  ii  dn»p  ef  ] 
suliiilnii  be  plni  ed  on  the  hertrt*.  immeilfl 
begin  to  t>eut  more  and  more  slowly^  ami 
stot^  in  diti!<tole.  If  int*i  one  frog  meulin 
jeeted  no  effect  will  be  observed;  the  In 
remains  motionless  in  diastole  ;  but  the  \\ 
ofntrot>lne  into  the  other  frog  whose  la^ 
slopi>ed  by  nuisrjirine  will  eiiuse  It  to  n>i 
ti>  befit,  nwA  it  will  [inlsute  aRstrongW  aa 
ically  a>  before  the  operation.  If' hal 
atropine  he  iujeeted  t^rst,  and  then  th**  I 
he  a|>pliecb  the  heart  will  not  be  stopjjf^ 
It  has  now  licen  staled  that  hoti 
and  Hi  rot  line  render  the  he  art  ins«*a 
irritation  id'  the  vjij^tis,  Init  llmt  irrti*ti 
stuns  venosns  will  sto|i  the  henrt  ifl 
poison  in  ir.  btit  not  in  atropine  polsonin| 
fore  Titniw^  ]iart  cd*  the  eardirtc  inhihiuirr 
esi  upes  it]  nicotine  poisoning  which  i«  I 
l»y  atro]iiije. 
In  the  above  d  in  gram  mat  ic  sketch  of  the  iirrungement  of  til 
giinglioni*'  aivpamtns.  pnjposed  by  Hchmietleberg  (Fig,  *22ii,  >I),  is  Uif  i 
^nngliiiii  urting  on  the  nuiscijlar  fibres  of  the  heart  by  means  of  nidi»tJ 
It  is  reguhited  by  an  internHMliate  apparatus  represented  by  thi^  doll«i' 
the  one  side  liy  the  lnhibitor3'^^  ganglion.  L  connected  again  wilh  an  ifl 
apparatus  with  the  vagus  nerve,  and  on  tire  other  side  by  the  ucrLdeniloK 
Q,  connccti'd  In  the  same  manner  wilh  the  accclenitor  nerves, 
lliift  arrangement,  nicotine  is  8upi>osed  to  parely/e  the  fibres  inter 
the  inhibitory  ganglion  and  the  Tugus  nerve*  wliile  atropine  pamly 
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FlO.     220.  —  TVlAORAM     OF     THK 

11  v  en  rii  ¥:vivx  L      N  Ktivoi\4 

A  r  V\  K  \  T r S  O  K  T II K  Hk A  KT, 

( /fftttdt'f'-  a  i'tititofK} 

M,    tnoior    ^Aikitaoa  ;      t.    i n h jbt tory 

Mtntry  axtrH'cmrcliitci  tivrroii  :  S,  M'valBr'^ 
ttor  vxirtt-iRiinlfAi]  nerve*.  Thn  lutorniB- 
diuLe  ii,|>|kmnitiiM  uf  SfluiikedotHtrg  tn 
rerinvQitred  lij  Ui«  itiiCUNl  liiien- 
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tbe  inhibitory  ganglion  and  the  apparatus  intermediate  between  the  ganglion,  I, 
iudthe  motor  ganglion.     On  the  other  hand,  muscarine  slows  the  heart  or  stops 
1l^  diastole,  similar  to  irritation  of  the  vagus,  while  its  effects  are  not  interfered 
"ViUibj  either  the  previous  or  subsequent  injection  of  nicotine  :  therefore,  mus- 
'  Offine  must  act  on  some  apparatus  more  central  than  that  affected  by  nicotine, 
aad  fts  the  effects  are  gradually  developed,  it  is  supposed  to  act  by  irritating  the 
furiion,  I.   Again,  we  have  seen  that  muscarine  will  have  no  effect  after  the  in- 
jection of  atropine,  and  that  atropine  will  cause  a  heart  stopped  by  muscarine  to 
- .  leeommence  beating  ;  therefore,  atropine  acts  on  a  more  central  apparatus  than 
Bucarine:  in  other  words,  on  the  apparatus  intermediate  between  I  and  M.    The 
•flfects  of  atropine    may  be  removed  by  physostygma  and  is  antagonistic  to 
Bieotine.     These  points  are  valuable  in  determining  the  antidotal  effects  of 
poiBons. 

The  action  of  the  accelerator  apparatus  has  not  been  so  thoroughly  well 
vorked  up.  but  the  action  of  poisons,  as  of  veratrine,  renders  it  necessary  to 
T  a  similar  arrangement. 


There  is  one  more  point  in  the  action  of  these  cardiac  ganglia ;  that 
is,  the  influence  of  heat  and  cold  on  the  heart. 

The  simplest  method  of  8tud3'ing  the  action  of  heat  on  the  cardiac 
pulse  is  that  of  Lauder-Brunton  (Fig.  230).  His  arrangement  consists 
of  a  plate  of  glass  about  three  inches  by  four  inches,  at  one  end  of 
which  a  cork  is  cemented  projecting  abont  half  an  inch  be3ond  the  edge 


Fio.  230.— Lauder-Brunton'8  Arrangement  for  Studyino  tiik  Effect 
OF  Heat  and  Cold  on  the  Heart  of  the  Froo. 

of  the  glass  plate.  To  this  is  fastened  a  long,  light  lever  freely  moving 
on  a  pivot,  and  projecting  abont  one  and  one-half  inches  beyond  one  end 
of  the  plate  and  about  four  inches  l)cvond  the  other  end  ;  the  lever  is 
counterpoised  by  fastening  a  small  pair  of  forcei)S  on  tlic  short  end  of 
the  lever ;  by  altering  the  angle  of  the  forceps,  the  lever  can  be  balanced 
to  a  nicety.  A  frog's  heart  may  l)e  placed  on  the  plate  close  up  to  the 
pivot  and  lying  so  that  the  lever  is  lifted  at  each  pulsation  of  the  ven- 
tricle, the  lever  being  balanced  so  as  to  make  slight  i)ressure  by  altering 
the  position  of  the  pair  of  forceps.  If  the  glass  i)late  is  placed  on  sonic 
pounded  ice  the  heart  will  beat  gradually  more  and  more  slowly,  until  at 
length  it  will  come  to  rest  in  diastole,  thus  indicating  irritation  of  some 
portion  of  the  inhibitory  apparatus.  If  the  plate  be  removed  from  the 
ice, the  heart  will  commence  again,  and  by  gradually  heating  it  over  a 
«pirit-lamp  the  heart  will  pulsate  faster  and  faster,  the  extent  of  tlu' 
^ntractions  increasing  up  to  20°  C,  until  at  length  it  will  stand  at  rest 
in  what  is  called  "  heat-tetanus  ;  "  if,  however,  the  temperature  is  lowered 
the  heart  will  again  commence  to  beat,  but  if  the  temperature  is  raised 
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still  higher  than  before  when  the  heart  stoppe<l  from  heat,  the  eomlt 
of  heat-tetanus  will  pusa  into  that  of  **  heat-rigor/"  and  no  Appliei 
of  cold  will  hare  the  slightest  effect  toward  again  starting  the  hmiU 

The  influence  of  heat  and  cold  on  the  amount  of  work  done  by 
heart  is  an  extremely  complicated  subject.  We  can  only  ?^tate  hen* 
within  certain  limitM  the  mechanical  work  done  by  the  heart  incre 
with  an  increase  of  tempenitiire,  but  that  very  soon  the  Qonimxai 
increase  in  nmnlier  in  much  greater  proportion  than  the  mechait 
effect ;  hence,  though  the  amount  of  work  done  at  a  comparativdj  1 
*emperatnre  m  greater  than  can  be  accomplished  at  a  low  teiaiJeratt 
he  effect  of  ea*'h  inilividiml  *'fiiitriu*tion  is  mueh  less. 

The  freqi        ;  mi  riite  of  contniction  of  the  heart  vsi 

greatly  iu  dilftirciit  Uduiial^j  nr,  showy  iu  tlit!  following  table  carapiloJ 

Colin  :— 

F^fquenetf  of  tht  PuUe  ptr  MinuU. 
Ill  the  t^'k^phatu ,        .    J3  to  IS 

i^mu^l .    2S  lo  SS 

"        girjiiftv .        , *    60 

liorse •        ,    86  to   40 

'*        ox.         .        ,        -        .        *        ,        .        ,    4.*!  !tj   50 
*•        imilc,     .         ,         .        .        ,        ,        ,         .     4<if«   m 
**       mpirH     .        -        *        i,        i        »       *        ,    44 
'*        *isB,        .         ,        .         .        .         .        ,         .     40  lo   50 

pipf ,        .     TOto  80 

I»an 40  ^ 

"        lioneBs 98  ^M 

fm^r .        ,        .     m  ^ 

"        sheep 70  to   80 

goat, 70  to   80 

"         leopard, 60 

female  wolf, 96 

"        hyena 55 

dog 90  to  100 

cat 120  to  140 

nibbit. 120  to  150 

*•         marmot 90  to  175 

"         mouse 120 

*'         goose .         .         .110 

"        chicken 140 

pigeon 136  to  138 

*'        snake .    24 

carp 20 

frog 80 

"        salamander, 77 

The  following  table  shows  the  variation  and  frequency'  of  thepiw 

per  minute  in  the  horse  and  ox  at  different  ages : — 

Horse.  Ox. 

Newborn,   ....  100-120  Newborn 93-182 

Fourteen  days  old,  .  80-  96  Fourteen  days  old.  .  68 

One-fourth  year  old,  68-  76  One-fourth  year  old,  .  . 

One-half  year  old,     .  64-72  One-half  year  old,    .50-68 

One  year  old, .     .     .  48-  56  One  year  old,       .     .  50-  68 

Two  to  three  years,  .  40-  48  Young  cow,     ...  64 

Four  years  of  age,    .  38-50  Four-year-old  ox,     .  56 

Aged, 32-40  Aged, 45-50 
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The  frequency  of  the  pulse  in  man  and  animals  depends  upon  the 
i^i  sex,  state  of  nutrition,  size,  and  various  other  conditions. 

In  man  the  normal  rate  of  the  pulsations  of  the  heart  is  about  72 

ferminute ;  in  the  female, about  80,  though  great  variations  may  be  met 

lilhin  (lerfectly  normal  individuals.     Up  to  fifty  years  of  age  the  rate 

[ottbe  poise  is  in  inverse  ratio  to  the  age,  as  is  shown  in  the  following 

Beats  per  Minute. 

Ten  to  fifteen  years. 


Newly  born  infant, 

130-140 

One  year,.     .    .    . 

120-130 

Two  years,    .     .    . 

105 

Three  **        .    .     . 

100 

Four     "        .    .     . 

97 

Fire     -        .    .    . 

90-  94 

Ten      -        .    .    . 

about  90 

78 
70 
70 
70 
74 
79 
Eighty  to  ninety,  .      over  80 


Fifteen  to  twenty, 
Twenty  to  twenty-five, 
Twentv-five  to  fitty.  . 

Sixty,  * 

Eightv. 


The  pulse-rate  is  increased  by  muscular  exercise  in  creating  a 
gTttter  demand  for  arterial  ])lood,  by  increasing  blood  pressure,  by  in- 
creased tem|)erature  (fever),  in  digestion,  by  various  mental  disturbances, 
Md  in  extreme  debility.  It  is  more  freiiuent  in  the  erect  than  in  the 
reciiml)ent  jwsition,  and  varies  inversely  with  the  barometric  pressure. 


JiMMJlJl^^ 


imum 


Flo. 231.— Tracing  Obtained  kkom  the  Frog's  Heart  on  STiMrLATiON 

OF  THE  PNErMOOASTRIC  NERVE.      {Fttufrr.) 
Th«  farrent  entered  the  nerre  at  n  «nd  was  nhiit  i»ff  at  h.    The  latent  jwriinl  ii*  inilieated  by  the  fact 
|Aat  one  palmtion  oocurretl  after  the  atimnlatiun  entered  the  nene.     It  in  ftirtlier  evident  that  the  inhi- 
oitioB  fienUtcd  i^inie  time  after  the  stimulation  (>ea«e<l. 

In  addition  to  the  intrinsic  nervous  system  of  the  heart,  the  pulsa- 
^^ons  of  this  organ  are  also  governed  by  impulses  coming  from  the 
Antral  nervous  system.  These  are  of  two  different  kinds, — inhibitory 
^nd  accelerating. 

Tlie  Inhifntonj  Nerves  of  the  Heart. — It  was  discovered  in  1848 
*^i  stimulation  of  the  pneumogastrie  nerve  or  of  its  divided  periph- 
^'al  extremity-  had  the  effect,  in  the  dog,  of  retarding  the  pulsations 
*^nhe  heart,  and,  when  the  stimulation  was  sutticiently  strong,  of  entirely 
'Arresting  the  heart  in  diastole.  This  etl'ect  is  not  i)roduced  immedi- 
'^ly  on  the  application  of  tlie  electric  current  to  the  nerve,  but  is  pre- 
<^ed  by  a  latent  period  amounting  to  about  one-tenth  of  a  second  ;  so, 
^ko,  the  effect  lasts  a  certain  time  after  the  shutting  off  of  the  current, 
if  the  application  has  not  been  too  prolonged  (Fig.  231).     On  the  other 
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if  tlie  euirent  is  very  strcingj  tkc  heart  ina^'  be  completely  att^^ 
yet  start  again  during  the  pasaage  of  tlit?  current,  Witli  weak  a 
cuts  no  actual  arrest  of  the  heart  takes  place,  but  the  |>au§e«  betwti 
the  beats  are  prolonged  during  tlie  earlier  fwirt  of  the  application  of  tl 
current,  and  the  pulse  is  thus  rendered  slow.  If  the  pneumogastric  I 
sthnulated  in  a  dog  dui'in*^  a  blood-pressure  experiment  some  mieh  earf 
IS  represented  in  the  diagrflm  will  Ijc  produced  (Fig.  23!^)- 

The  blood  pressure  is  seen  to  undergo  a  rapid  lall  ^hortl}^  aflerlfai 

ipUcation  of  the  current,  from  the  fact  that  on  the  cessation  of  ik 

•Isittion  of  the  heart  the  arteries^  through   th*.'ir  contractility,  trnipl/ 

*mselves  into  the  venous  system.     As  the  heart  again  commeocta  U 

Kulsato  it  thrc  s  c  [le  arterial  system,  which  ha^  i«rB 

I  ready  hirgel_  1.,  as  a  consequenue,  the  walls  oflhi! 

rteries  are  rap^w^j   siret-  we  have  a  eorrespoudiagij  niM 


}  f' 
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^_   THAi^iyo  i.*uoM  THB  Carotid  of  a  RAB^rr  on  9ni* 
ifr  HF  T  r I E  V s  f: V  % oo ast hi c  N  er v" e.    ( #bffirr» \ 

Tha  cnnvnt  eutinkl  the  htiPte  jit  n  a^d  uru  ihul  olT  lit  K 


increase  in  pressure,  and  therefore  a  ra|>id  rise  in  the  raercnrj  in  ^ 
nmnonicten  WIh*u  tliu  heart  is  only  slowed  by  sliranlatioQ  ot  I*** 
pneuniricr!\rttrtc,  and  not  completoly  arrested,  the  mercury  in  the  uwo'i'*' 
t'tt-r  undergoes  extensive  owetllations,  partly  due  to  inertia.  ffh'<* 
exa^^^enitcs  these  movements,  and  |>artly  d ue  to  the  same  ttaim  *li^y 
mentioned.  In  other  words,  hftween  the  pulsations  of  the  beart,*^ 
eucceed  each  otiier  slowly,  the  arterial  system  has  time  to  partiallj eo^P? 
itself  into  the  veins. 

Inhibition  of  the  heart  may  not  only  be  produced  by  direct  itt^O" 
liition  of  the  pneumogaatrie,  but  also  may  be  produced  reflexly.    If*** 
pncunioga>5tric  ni*rve  be  divided,  and  the  central  end,  in  eouii(?ctioD «*** 
the  brain,  he  stimulated  witli  the  induction  current,  the  heart  *»i^t ' 
arrested  or  slowed  as  before.     If  the  abdomen  of  a  frog  be  opened, J 
the  intestine  struck  sharpl}^  as  with  the  handle  of  a  scalpel,  the  b* 
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twis4?  arrefcitetl  in  di^Htolt*,  IT  i\w  nH'sentoric  nerve  be  Htiniu* 
by  ail  induction  ciirn^nt  the  henrl  will  also  be  brought  to  a  sudden 
•landstill.  If  Wtli  pufuniogastrit'  nerves  be  divideil,  the  anterior  r<iotB 
of  Xntili  spinal  nei'essory  nerve«  be  turn  ont^  or  the  uiednlhi  ubloiij^ata 
destroyed,  the  preceding  exl^^eriments  will  nil  faiL  This  indk'jites*  that  in 
llie  first  ea^e  the  impidne  wus  eoiKhu^ted  throii^^h  the  eentrul  stuujp  of 
ik' divided  pnennio|j:3isirie  to  the  hraiu,  iind  there,  from  a  eolleetioii  of 
Derve-ceUs  in  the  niedulhi  oblongata,  which  is  termed  the  eardio-inhibi- 
lory  centre,  i»  truiiHniitted  through  the  spinal  aeces-sory  nerve  to  the 
[meumogastric  plexus,  and  throiiv»h  the  undivided  vagus  to  the  heart. 
If  the  spinal  aeeessory  uerve  he  pulled  out  by  the  rtiots^  the  eardio- 
inhitiitory  tibres  of  the  piienmogastrie  nmlergo  degenerjition^and  four  ur 
(ivtdays  after  the  oiKTation  stininlatiou  uf  the  vagus  huls  lo  **low  the 
heart  In  the  other  in&tauee,  where  iirilatiini  of  the  iutestirml  surface 
.  or  iflesenteric  nerven  prodnees  iulubitiun,  tlie  ini|udsc  is  conducted 
I  llirouirh  the  mesenteric  and  8ynn>atlictic  chain  to  the  spinal  cord,  from 
k  Itiere  to  the  eardio>inliil»i to ry  eeiil re,  11  hd  from  there  tc»  the  heart.  It  is 
■  [^robihlc  that  the  sy uoope  occasionally  produced  by  si*vere  pidn,  emotions, 
I  (irwiietimes  from  drinking  ice- water  when  overheated  is  produced  in 
W  the  HUHie  maimer,  the  heart  being  arrested  or  slowed  tiirough  reflex 
L   mbibitiotu 

^m  It  i8  thus  observed  tliat  tlie  pncumogastric  nerve  possesses  a  function 
r  Hiri-<ily  opposed  tfi  that  of  most  other  nerves.  When  a  motor  nerve  is 
^imiihited  it  jiroduces  contraction  of  the  mnseles  to  which  it  is  dis- 
tfilmted.  Stituubtion  of  the  pneumognHtric,  on  the  other  hand,  pnxbtces 
rt'hsation  of  tlie  heart-mnschs  Tlie  oiiiiHier  hy  which  this  etlVct  is 
f)r«ithiocd  is  in  all  probability  through  the  inhibit  ion  of  the  mot<ir  ganglia 
of  the  heart. 

The  eariliii-inhibitory  centre  in  the  medulla  is  in  constant  action, 
tbrniit^h  rellex  stimuli  conducted  to  it  through  the  ahdominal  and  cervical 
*^vnipMtlietie,  and  might  l»e  comt»i*rcxl  to  the  action  of  a  bvnke  on  a 
Nioving  machine.  When  both  pncumogastric  nerves  arc  divided,  the 
hi'art  in  the  dog^  and  to  a  leas  extent  in  the  rabbit,  beats  very  much 
^■A^ter,  so  that  this  inhibitory  tHMitre  is  constantly  restraining  tlie  iK*tion 
^■w  tbe  motor  ganglia.  The  cardio-inhibitory  centre  may  be  direeUtj 
stimulated  by  sudden  auiemia  of  the  medulla,  as  by  sudden  ligBtlon  of 
^►oth  carotids;  l>v  sudden  venous  hypenvmia^  as  by  ligation  of  all  the 
ViiJis  of  the  neck ;  or  by  increaHed  veimsity  of  the  blood,  as  by  dyspna^a 
"rousing  an  animal  to  inhale  C(_V  It  may  also  l>e  reflexly  stimulated, 
*i*  already  indicated. 

The  Aveeieruior  Nerveif  of  the  Heart. — The  action  of  Ihc  heart 
^iftv  not  only  be  retarded  or  ai  rested  through  the  stimulation  t>f  the 
pneinnogastric,  but  in  the  nuinimal,  even  after  division  of  both  pnciimo- 
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gantries,  it  may  he  accelerated  b\'  Btimuhition  of  Um  cervk'nl  tsjrnpatliietK 
sttmidatioii  of  the  cervical  ^i^iiuil  conK  or  iii  a  more  marked  tlegrw^  bj 
Htiiuulatioii  of  the  coumiimicjitintr  liiuiiu'iiU  hetweeii  the  t»piiKd  tH*nl  aad 
the  inferior  cervical  and  the  fir«t  dorsal  ganglia  of  the  synipathelic. 
These  latter  fibres  are  described  as  the  accelerator  nerves  uf  the  litwl, 
and  when  itiitiulated  produce  an  iucrauMc  in  tht«  rate  of  tile  heart  s  |Mii««. 
hut  with  a  deereiised  force,  the  loss  in  [Mnver  beins,  however,  emniM?f»*yiUNi 
by  t  b  c  iti  e  rea^  e  in  r  api<  1  \  ty ,    Asa  c  o  1 1  Heq  1 1  ei  1 1  v ,  a  ft  er  s  t  i  ran  lat  i  on  o  f  lhi»Hf 

nerves  the  blood  pressure  remains  unrlmHjfwL 
The  conrse  of  these  nerve»  is  liiiTeretit  in  fV 
rabbit  iimlj.be  dog. 

grniiiH  (Piga,  233  and  ^34 j  Imlmu- 
Snal  eonrsi'. 

M-eelenitor  (ibre?*  nrigiliHle  fYmi 
he  niednlhi  obhmpiU*  and  ^|im^ 
.  tiicir  exact  loeation  ba*^  not  bvn 
It  IS  by  means  of  Ntinntliiboip'^ 
}ln»jvfiirt%  tliat  Htinudatimii  nf  liifi'  r 

/       \jd      i    (^  .-^pitml    viml    or  cervical  Muiiaj 

//'  °'i     t  l^**^*^    inen^aKc   in   the   rati?  of  1 

ition.     When  tlio  tTt»rvi<'ul  '■[ncNi' 
iilated  a  j^rcat   in€rea**c  iii  L4'^' 
nv ^  fro m  ** 1 1  m  u  la  t i on  o f  vn^r^uic^ 
nervei^,   bnt    I  hat    the  increased   rat*^  of  tk ' 
bcart*H    contraetioiih*    is    not  due  to  tli*"  W^ 
blocnl   pre.ssnre  alone  m  [»nivc.Hl  by  thcMurur' 
rence   of   aeceleration   of   the  pnl^^t*  t^iwn  tli* 
cerviral  cord   is  stimnhitcd.  even  aftrr  ^oc'^'i^ 
of  I  hi'  H|>lnnchnic  iterves,  wlwn  inen?a^Hl  Ul'i"! 
lircrfsdre   is  prevents  I.     Tliese  nerves  i^ir  n^'^ 
in  constant  activity;    in  other  word&,  thn  ^^*' 
ni>t  iinta^fni'vw  the  pnetiniogastric^,  a»il  ^^i** 
divided   the  heart  does  not  beat  slower   ^j 
long    latent    period    also   cbanictenzi^  tlP*] 
nerves,  and  it  takefi  considerabU-  tinje,  us  nincb  as   ten  seeontk,  fruffl 
the  connnenccnient  of  stimulation   before  the  nniximnm  acceleratiou 'j'^ 
the  heiirt  is  reiu-hed  ;  while,  aixain,  it  is  only  slowly  and  ijnaluiiUy  il^ 
the  normal  beart-ratc  is  re^zained  even  at  tlie  cessation  of  stimulation. 

H.     TjIK     IxFLl'ENCE    OF    THE    NeRVOU:^     SySTEM    ON    THE   AttTERl^S.^ 

j\natonneal  examination  of  the  walls  of  the  minute  arterieii  sXio^^  tlfll 
thrsi-  vi'SHi'ls  nre  not  only  supplied  with  circular  niuscidar  fibres hi*ti 
also  supplied  with  nerve-fibros  which  come  both  from  the  sympathetic i 
cerebro-spinal    nervous    system,  and  numerous  ganglia  have  also  b 


Fm.   2ri'i,  —  sriiiisiE    of    toe 
dor  US  K  *tv   niK  VAHinxr 

A  (IK  r*  K  R  A  T<  I H        VltlH  K  S. 

I'.  i^ihA  ,    MO,   mixliillu  ii9iliKnf«f-B  ^ 

V.  inhiil.UitrN  citniw  Piif  hujn  :  A,  n'f^l- 

||ni|«rii'ri''»nl|ajr  ttbrtl*;  ll,  (Twrt ;  C  e*rw- 
bml   I  III  [111 1  n  ;    H,   D«ryirAL  «\  niiwtlietLc; 
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Anatomical  data,  tli  ere  fore,  support  tlie  view— which  would 
rise  be  rendered  probable^  as,  for  example,  in  the  production  of 
Jug  ft-om  emotions* — that  the  calibre  of  the  minute  arterioles  is  under 
bntrot  of  the  centrid  iiervons  systenL  Numerous  experiments  still 
br  demonstrate  the  truth  of  this  statement.  When  the  web  of  a 
I  foot  l»  examined  under  tlie  microscope  it  will  lie  found  tliat  the 
ter  arteriole!^  are  coostaritly  varyinuf  in  (*aUbre,  Mouietinie^  l>eing  so 
raoted — evideutlj'  due  to  the  contraction  of  their  muscular  tibres — 
almost  shut  off  blood  from  the  part  8up[jhed   by  the  contracted 


^AflDJACPLEXra  AXI*  HTKI.T-ATE  ("lANflLlON  OF  Ti*E('A T.    {LtJudoU.i 

(ght:   I.    '-'■      '■■■  ''         I,  rii^U!):   1*'.  carviL*!    Ayiupikth«tm,   mid   in  the  anfiulns  *if  viisnM«ii»;  Z, 

MmtlttK  tt<e  mUlrJIe  i-L-rvicnJ  |imn»rtism  and  tlip  ilvlbtt!  fnnxliiin  :  i!",  thtiracio  njili- 

__   3,  ft.  "J^\:    I.  ■kiiri'-*.ir   ncne:    •>,  niMtllw  I'frvical   «»njrllii*Jn  :    ."i',  wiininHnilratioii 

id  sad  i<  '  .    tellstv  idrBt  tlanriK  i4\i  giingli>i»n  ;  7,  foinmunicntlnK  linmcl'iMi  with  thovukfuj; 

mUtr  D«n:«  .  i.n',  B'''.  rooti  uf  the  Mi-«)«Tiit4r  nerve;  0.  bniub  of  tbt  «tell«l«  ^DgU'iDi, 

,  at  Other  times  so  dilated  us  to  cause  the  tissues  supplied  by  the 
to  bee(*mc  ;jor*red  with  aiterial  blood.     If  the  iveb  of  the  frog's 

jt  examined  anti  an  arteriole  picked  out  which  appears  to  be  midway 
n  the  stiites  of  extreme  relax lUion  and  extreme  dilatation^  and  a 

diiduction  current  l>e  then  applied  iu  tlie  sciatic  nerve,  the  arterioles 

II.  as  a  rnk%  be  found  to  become  imnietlintely  contracted.  If  the 
of  stimulation  be  allowed  to  pass  off,  and  then,  instead  of  stimu- 
the  sciatic ,  this  nerve  be  divided^  directly  opposite  results  will 
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ensue.    The  arterioles  will  now  all  dilatef  aud^oa  a conse([uenee,  the 

will  become  filled  with  blood, 

Similiir  elleets  may  ^x^  Been  in  warm-blooded  auimals.    If  the  sjinp^ 
thetic  nerve  be  divided  in  the  neck  of  a  rabbit,  it  will  be  foiuid  thai  tlift 
vessels  in  the  lobe  of  the  ear  on  that  side  will  have  greatly  increased  m 
calibre^'Will  apiietir  not  onl^*  hirger,  but  minierous  vessels  which  before 
were  invisible  will  now*  be  readily  seen.     Tlie  entire  tissue  of  the  ear  will 
be  much  redtler  than  before^  much  warmer  in  temiwrainre.  and  distimi 
tbrobbiiitr  of  the  pulse  may  be  rciidily  ]>ereeived.     Here  division  of  tlie 
sympatlietic  has  produced  dilatation  of  the  auricular  arterioles.     If.  on 
the  other  hand,  the  cervical  sympathetic  be  stimulated  with  an  imluctioo 
current  in  the  rabbit,  directly  opposite  results  will  be  produced,    Thi 
auricular  vessels  will  now*  all  contract ^  and  the  tissues  of  the  ear  will 
become  pale  and  free  from  blood. 

So,  also,  if  the  sciatic  ner%'e  be  divided  in  a  mammal,  a  correspondinj 
dilatatiou  occurs  in  tb*?  small  arterioles  of  the  foot  imd  leg,  and  ma v  bp 
readily  determined  througli  inspection  of  the  balls  of  the  toes, es|>eci!»iij 
as  seen  in  the  cat,  where  they  are  hairless  and  not  pigmented.    So,  tUo, 
the  temperature  of  the  foot  on  the  side  on  which  division  of  tlie  BcWt' 
nerve  has  been  performed  will  be  considerably^  elevated.     Further,  if  tii<* 
splanchnic  nerves  be  divided,  the  vessels  of  the  abdomen  all  umieiyy 
extensive  dilatation.     If  the  lin«j^ual  nerve  be  diviiled,  the  vessels  oti  tk 
corresponding    side  of  the  tongue    dilate,  while  in  all  crises  in  wludi 
a  nerve  supplying  a  muscle  is  cut  a  great  increase  in  the  flow  of  IJocj^ 
from  the  muscle  may  l>e  made  out.     It  is,  therefore,  e\ndent  that  ^* 
blood-vessels  of  certain  parts  of  the  liixly  are  kept  in  a  state  of  Ui^^ 
contraction  through  impulses  traveling  along  certain  nervei*.    Sectum*'^ 
these  nerves  has  been  found  to  produce  dilatation  in  the  corresfKjndifl^ 
vascular  areas  :  therefore  it  is  evideni  that  the  arteries  l^efore  the  rliwi 
of  tlieir  vascular  nerves  were  in  a  state  of  constriction  thrnugli  coiitractwl 
of  their  muscular  fibres,  and  that  this  state  of  contraction  h*s5  du«  ** 
impulses  coming  along  the  vascular  nerves  or  vaso-motor  nerves  of  tW 
part     Section    of   these   nerves,   therefore,  produces    paraly^ta  of  \k 
muscular  filn-es,  ami  the  muscular  tissue  is  no  longer  able  to  resist ll* 
pressure  of  the  blood,  and,  as  a  consequence,  these  vessel*  pasii^ 
dilate. 

It  has  been  found  that  the  vascular  condition  of  the  specific  l^ 
of  the  body  are  governed  by  impulses  coming  along  specific  nenw,*** 
that  these  nerves  may  be  either  of  tlie  sympathetic  or  cerehro-n^n*' 
systems.  If  the  sjiiual  cord  is  divided  in  the  lumbar  region  it  ''iJJ  ^* 
found  that  thejdood-vessels  of  ail  the  parts  below  will  be  paniljx«<J  •>* 
gorged  with  blood.  If  the  spinal  cord » or  even  the  lateral  columns il<^' 
be  divided  in  the  cervical  region,  the  blood-vessels  of  the  entire  Wj 
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will  become  dibtecL  This,  thererore,  iinlicates  that  some  portion  of  the 
brain  higher  up  than  the  cervit-al  spinal  curd  is  the  centre  from  wiiieh 
originate  all  the  impolses  which  travel  along  the  tlifferent  viiso-inotor 
nerves  to  innervate  the  mysfiilar  tihres  of  the  different  arterioles  of  the 
body.  When  the  path  of  eominunication  Ivetween  an}*  vascular  area  and 
the  medulla  oblongata  is  broken,  the  vessels  of  that  part  are  deprived  of 
I  he  nervous  impnlse  coining  from  the  mecUilla.  they  lose  tone,  tlieir  mus- 
cular fibres  relax,  and  their  arteries  dilate.  When  the  entire  body  ia  cut 
off  from  the  medulla  all  the  vesseli*,  therefore,  dilate.  It  has  been  stated 
that  stimulation  of  one  of  the  vaso*niotor  nerves*— such  an  example  being 
the  sympatlietie,  the  sciatic,  or  splanchnic — leads  to  contraction  of  the 
arterioles  in  the  corresponding  vascular  area.  In  other  word^,  the 
electric  stimulation  has  lieeji  added  to  that  con  dug  ctmstantly  from  the 
nteiltilla,  and  bay  therefore  increased  the  contraction  of  the  mnseuhir 
fibres  of  the  arteries.  So,  also,  if  the  spinal  cord  l^e  itself  stimulated, 
the  blood-vessels  in  all  the  (>arts  l)clow  become  still  further  contracted* 
while  by  directly  stiujnlating  the  medulla  oblongata  all  the  blood-vessels 
of  the  l>ody  contract.  These  facts  indicate  that  the  normal  degree  of 
constriction  of  the  arterioles  of  the  body,  or  what  i«  termed  vascular 
tonus,  is  maintained  by  a  series  of  impulses  constantly  coming  from 

Keollection  of  cells  in  the  medulla  oblongata,  called  the  vaso-niotor 
ntre.  These  impulses  reach  the  arteries  after  passing  through  the 
lateral  columns  of  the  cord,  during  which  passage  tbey  make  connection 
with  the  subonlinate  vaso-moior  centres  of  the  cord,  either  through  the 
anterior  spinal  roots  directly  or  by  passing  through  the  rami  comniu- 
tiieaiites  to  the  sympathetic, 

tThe  vaso-motor  centre  has  been  located  in  the  floor  of  the  fourth 
tricle^  its  lower  limit  being  a  horizontal  line  about  four  or  five  milli- 
ers  above  the  point  of  the  calamus  scriptoriua  and  the  upper  limit 
nt  four  millimeters  higher  n[K  or  one  or  two  millimeters  below  the 
<5orpora  quadrigemina.     The  vaso-motor  centre,  as  already  stated,  may 
o*  tlireetly  stimulated,  and   so   lead   to   increased  vascular  contraction 
^roufrhout  the  entire  body.     Increased  venosity  of  4he  blood  and  vari- 
'>U»  poisons,  such  as  strychnine,  likewise  directly  stimulate  the  vaso- 
■totor  centre,  and  so  cause  increased  lilood  pressure  j  so,  after  death,  the 
HNlous  character  of  the  blood,  through  stimulation  of  the  vaso-motor 
l^pBtre,  leads  to  firm  contraction  of  the  arteries  and  a  consequent  empty- 
^^of  these  vessels  into  the  veins.     It  mav  also  be  reflexlv  stimulated. 
*  ^ntation  of  any  sensory  nerve  ivill  rcfiexly  act  on  the  vaso-motor  centre 
^tjcl  lead  to  arterial  contraction,  especially  of  the  vessels  of  the  abdomen. 
^■the  other  hand,  the  vaso-motor  centre  may  l>e  inhibited. 
IP   If  the  small  nervous  tllament  which  is  formed  in  the  ralibit  by  the 
^ion  of  branches  from  the  pneumogastric  and  superior  laryngeal  nerves 


i 


556 


PHYSIOLOGY  OP   THE  DOMESTIC  ANIMALS. 


lie  siiniuluted,  it  will  he  found  that  the  blood  pressure  will  ateadily  M 
until  it  umy  he  not  more  than  oue-tljird  of  the  iioniiid  hdght  (Fig,  235/, 
1  hi  ring  the  production   of  thin  ik"cre!i«e  of  blood  prc*s»*ure  no  cbm^ 
occurs  in  the  nite  of  pulsation  of  the  heart.    It  muyt  be,  therefore,  due  to 
l.lie  diiniiiution  of  tbe  resistance  in  the  perijiheral  vuscular  system.    Utlm 
HpJaiK'Unic  nerves  be  divided  [irevious  to  this  experiment, no  s^ilbjseqHcJit 
decrease  in  pressure  will  take  pluee.      The  conclusion  from  thif  la  axh 
dent.     When  thisii  nerve,  which  hi*s  been  termed  the  "  dejiresnor  o(  Lii4- 
\v\<X  and  Cyon  '*  (the  superior  cartUac  liranch  of  the  vagus),  is  stimulatcii 
the  iin[>ulses  pass  to  the  vaso-motor  centre  in  the  medulla,  aud  lljerew:i 
alter  tlie  impulses  coming  from  it  that  it  is  unable  to  maintain  the  uor- 
tnal  degree  of  contraction  of  tin*  ubrbjnjinal  vessels,  tJirough  the  faihtrtof 
the  intlnence  which   it   normally   exerts  on  these   vessels  tbruugli  llic 
splanchnic   nerves.      The  abdominal    vessels,  eonaecpiently.  dilntf  ml 
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Fig,  sa'j.— liLooD-PHKsarRE  Tkacinu  »Oir aimki*  nv  Ktimui.atixg  tiik  0«- 
FKK!»Hoii  Nehve  IN  A  Hahuit-     (Fosltir,) 

Th«  ourmit  «iiUrMl  tlM  Bftrr*  mt  C  ftod  vm  iliut  off  li  O.    Ttwi  iBlamli  ««  ttM  lit*  Trtfamm*  mmndak 

draw  off  so  much  blood  from  the  f^cneral  arterial  system  thai  tlie 
blood  pressure  may  be  reduced  two-tldrds  or  more.  On  th»^  ntber  hand, 
if  in  an  animal  placed  under  curare  the  central  end  of  the  diviiled 
sciatic  nerve  Ih2  stimulated,  directly  opposite  eflecta  will  be  produced. 
Without  any  chanjie  in  the  hearth  rate  of  pulsation  the  pressure  will 
gnidually  rise  untd  it  may  be  one4hird  higher  than  before  th«  experi- 
ment: here,  a«;ain,  the  inerea^^ed  pressure  heinyr,  evidently, due  to  constric* 
tion  of  the  local  arterioles,  for  previous  division  of  the  splanchnic  nervcn 
will  largely  interfere  with  the  production  of  an  increased  blood  pr^syr^. 
These  variations  in  blood  |>reasure  are  of  the  greatest  import&oee  in 
governing  tlie  general  character  of  the  circulation. 

The  effects  of  loail  and  general  variations  in  v&sculAr  tane  !uiT« 
been  admirably  formidated  by  Foster: — 

Let  us  suppose  tbat  any  arttiry,  A,  ii§  in  a  condition  of  normal  tone — 
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tmidw&j  between  extreme  constriction  ami  iljlation.    Tlie  flow  through 
l4  is  determined  hy  the  resintance  in  A  lyid  in  tht?  vascukr  tract  wliieh  it 
littppUes.  in  relation  to  the  mean  artt*rfal  |ire8snrt%  which  again  itij  depend- 
vn  on  the  way  in  which  the  heart  is  bcatinjLif  and  on  tlie  jjerijihcral  re- 
sislance  of  all  tlie  nniall  arteries  and  capillaries,  A  inehided.     If,  while 
the  heart  and  the  rest  of  the  arteries  remain  nnchan^red,  A  hv  t*onstricted, 
ibe  |»enpheral  resistance  in  A  will  inereiise,  aud  this  increase  of  resist- 
Alice  will  lead  to  an  increase  of  the  general  arterial  pressure.     This  in- 
crease of  prcssnre  will  tend  to  cnnse  the  blood  in  tlie  hutly  at  large  to 
flow  more  rapidly  from  the  arteries  into  the  veins.     The  constriction  of 
A  Jioweverj  will  prevent  any  increase  of  the  flow  thruogh  it^in  fact,  will 
uinke  the  flow  throngh  it  less  than  before.    Hence,  the  whole  increase  of 
thu  discharge  from  the  arterial  into  tlie  venons  system  mn^st  take  place 
tliroitgh  channels  other  than  A.     Tlius,  as  the  result  of  the  constriction 
of  any  artery  there  occur  {1)  diminished  tJow  tlirongh  tlie  artery  itself, 
(2)  increased  general  arterial    pressure,  leading  to  (3)  increased   flow 
tLrongb  the  other  arteries.     If*  on  the  other  hand,  A  l>e  ili luted,  while 
ttt'  heart  and  other  arteries  remain  unchanged,  the  peripheral  resistance 
ia  A  is  diminished.    This  leads  to  a  lowering  of  the  general  arterial  pres- 
sure, which,  in  turn,  causes  the  blood  to  tlow^  less  rapidly  from  the  arteries 
into  the  veins.     The  dilation  of  A,  however,  permits,  even  with  the  low- 
^rtnl  pressure^  more  blood  to  pass  thrf»ugh  it  than  before.     Hence,  the 
<^Hninished  flow  tells  fdl  t!ie  more  on  the  rest  of  the  Jirterit*s.     Thus,  as 
Ihf  result  of  the  ililaiion  of  any  artery,  there  occur  (1)  increased  flow  of 
'^lornl  through  the  artery  itsflf,  (2)  diminished  genenil  preBsure,  and  (3) 
^liminished  flow  throngli  the  other  arteries.     Where  the  artery  thus  con- 
^trit!ted  »jr  dilated  is  small,  the  local  e fleet,  the  diminnlion  or  increase  of 
flow  through  itself,  is  much  more  marked  than  the  general  effects,  the 
change  in  hlood  pressure  and  the  flow  through  other  arteries.     When, 
^lowever,  the  area  the  arteries  of  which  are  afl^ected  is  large,  the  general 
**tfects  are  very  striking.     Thus,  if  while  a  tracing  of  the  blood  pressure 
*s  lieing  taken  by  means  of  a  manometer  connected  with  the  carotid 
'M'tery  the  splanchnic  nerve  be  divided,  a  conspicuous  but  stead}^  fall  of 
PTesaure  i**  observed  very  simihir  to  that  which  is  seen  in  Fig.  235,     The 
Section  of  the  splanchnic  nerves  causes  the  mesenteric  and  other  alxlomi- 
Hal  arteries  to  dilate,  and  these  l>eing  very  nnmerous  a  large  amount  of 
peripheral  resistance  is  taken  away,  and  the  blood  pressure  falls  accord- 
ingly;  a  large  increase  of  flow  into  the  portal  veins  takes  place,  and  the 
**iipltly  of  blood  to  the  face,  arms,  and  legs  is  proportionally  diminished. 
It  will  be  observed  that  the  dilation  of  the  arteries  is  not  instantaneous, 
^JHt  somewhat  gradual,  the  pressure  sinking,  not  abruptly,  but  with  a 
geatle  curve. 

Arterial  tone,  then,  both  general  and  local,  is  a  powerful  instrument 


558 


PHYSIOLOGY  OF  THE   DOMESTIC  ANIMALS. 


for  determiQiiit;:  Ibe  (low  of  blood  to  the  various  organs  and  tiftsuesof 
the  biNlVt  fiuil  thu?4  becomes  a  means  of  hidirectly  influencing  their  fuoc- 
1 10  mil  activity. 

In  certiun  instances  stimulation  of  spinal  nerves  will  not  only  |m>- 
dnvi*  contmotiori  of  the  arterioles  of  ditferent  parts  of  the  iMnly  thrt>agli 
rellex  stiiiiuljuiun  of  the  vaBo-mutor  centre,  but  will  also  prodm-c  dilatv 
tion  of  the  arterioles  in  the  vascular  area  siupplied  by  that  nerve;  i\m, 
fur  exami>le,  if  in  a  nibbit  under  the  intluence  of  curare  the  eentml  stumfi 
of  the  <^ri'ut  iiiirifiihir  nerve  l>e  atinuihitiHl  with  an  induction  current,  tb? 
blood  jireissure  will  be  increased  throojirh  constriction  of  the  general  ^iis- 
cular  areas,  while  inspection  of  the  ear  will  show  that  its  vessels  Iw^r 
become  hir^ely  dilated.    So,  also,  as  already-  described  under  the  »ectiao 
on  Digestion,  when  the  cburd«  tympani  nerve  is  stimulated,  we  not  oiik 
have  increased  secretion  of  saliva,  but  we  have,  also,  an  increase  of  the 
supply  of  blood  to  the  glands*     Such  nerves  as  the  chorda  tympani  ftixl 
the  great  auricular;  witli  nunicrouH  others,  are  spoken  of  as  vas<Mliiator 
nerves,  from  tiie  tart  that  their  stimulation  leads  not  to  contnietionof 
arterioles,  Imt  to  aii  itKTcase  in  their  calibre;  they,  tlierefare,  urc  nf <i|> 
poftite  fimction  to  the  vaso-motor  nerves.     The  vaso-dilator  nerve*^,  a^ a 
rule,  come  from  the  cerebro-spimd  system;    the  vaso-constrietor  uon*"' 
are,  as  a  rule,  branches  of  tlie  sympathetic  s^^stem.     The  explniiHti'm  of 
the  Innctioos  of  the  vaso-^lilator  system  of  nerves  is  somewhat  sinj(»litinJ 
by  the  following  olisurvation  :     It  has  been  stated  that  wlien  the^tiAti^ 
nerve  of  a  frog  is  divided,  the  vessels  of  tlie  parts  su|tplied  by  that  nen*- 
dilate.    Such  dilatiition  is,  however,  usually  transient,    TweuTy-funrtMMsr' 
after  the  set^tion  of  the  uerve  the  vessels  may  l»e  found  to  Im^e  <j«'^'    | 
regained  tlieir  normal  calibre,  even  if  still  cut  off  from  tlie  cenlrHl  nt-n- 
ous  system.     Such  a  fact,  which  must,  of  course,  lie  due  to  the  ffL^fH'<i 
power  of  contraction  of  the  circular  muscular  fibres,  can  onlv  !«'  f^* 
plnined  tfirongh  the  assumption  that  the  walls  of  the  vessels  are  snit^'*"^ 
with  nervous  ganglia  which  are  themselves  capable  of  originatiu;:  'i"* 
pulses  sulHcient  to  produce  varying  degrees  of  contraction  of  the  cirtuwf 
lunsenlar  filrrcs  of  the  arterioles,     Xornially,  the  impulses  orij:tiiati-il''V 
these  i)cri]ihend  ganglionic  cells  are  dominated  by  the  influences  vouuni 
from  the  cent  nil  vaso-rnotor  centre.     When  the  vaso-motor  nerve  of* 
part  is  divided  these  centres  are  suddenly  deprived  of  this  cliimiwAtin? 
influence,  the  innscnlar  flhres  are  paralyzed,  and  the  arteries  dilate.  WIh'D 
the  shock  of  the  operation  has  passed  otf,  the  peripheral  gangUonic  cfil* 
themselves  acipiire  the  power  of  governing  the  degree  of  contrfirtiornif 
tile  muscular  fibres  of  the  arteries  and  the  vessels  then  reiraiu  their  noi* 
nial  tone.     When  stimulation  of  the  anricular  nerve  or  of  tbe  chtrt^h 
tympani  jirodnceK  dilatation  of  tlie  vessels  of  the  parts  sujiplied  by  tli*** 
nerves,  the  eflect  may  be  explained  by  assuming  that  the  impulses  cob* 
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:>iig  these  vaso-tlilator  nerves  itilisbit  the  local  gaiit^lia  in  the  walls 

r I  vessels  and  ilnm  k'sid  to  Tvhixaihm  of  the  iiiusuular  fibres  of  the 
Bnd  to  their  eoiisequejit  tlihiLaliiiii.  Their  mothtii  opefandi  may 
l>e  regarded  as  similar  to  that  of  the  piieumoi^astrie  nerves,  since 
111  cases  the  motor  traiii^lia  fire  inhibited  Jind  the  musenhir  fibres  in 
tails  of  the  ori^uiis  of  circidation  relax  {Fig.  23(5). 
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PlO.  288.— DlxlORAMM  VTie  Pi. an  MF  THK  ('AnidAr  XkMVK  XiEtllANlSM.  AFTER 
J  ("AIM'KN TKII.       (  }Vo.) 

I     Th*  dinciian  nr  ttim  iiii|tnvl#««  is  iiitlii:«t«d  by  thi>  arrows.     Ilf»tti  ri^Utt  and  1«(t  «ldu  of  tlic  out  an  tiDfrd 
'  U»  «br»H  one  i>ninii>l«t«  ItLtara]  half  uf  the  fllines. 

hnally,  to  recajatulate,  the  ptilse  and  blood  i>re8«ure  may  be  modi- 
y  the  fuliowinir  eaiises  (  Lan<ler-Hruirtoii) : — 

iFe  have  nun  to  folh^wthe  hlotnl  in  its  coiirsi'  tlirou<j:h  the  body  and 
der  t!ie  ebiui^reK  wliieh  it  undergoes  in  tlie  ditlerent  organs  and  tia- 
It  WHS  seen  that  tlie  eircnktion  mi^^iit  l»e  divided  into  two  sys- 
the  greater  and  lesser.  The  ehan*^es  whieli  tlie  Mood  undergoea  in 
Iter,  the  pnlmonary  system,  will  be  consulered  first. 
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SECTION  VIIL 
RespiRATroN. 


been 


that  lliroutrli  abs 


Been  tlmt  llirougli  absorption  the  prod  nets  of  digestion 
tc^r  ioto  the  Uood  and  are  carried  by  means  of  the  e  ire  illation  to  the 
rious  organs  and  tiBsues  of  the  hody.  In  spite,  however,  of  the  con- 
int  addition  of  these  substances  to  the  blood  its  general  conipositioti 
nains  almost  unitbrm^  for  the  hieome  from  the  alimentary  tract  is 
lanced  by  the  outgo  through  the  difierent  tissues.  The  blood  in  its 
wage  through  the  capillaries  of  the  body  nevertheless  undergoes 
Ut  alterations  in  its  composition.  It  gives  up  to  the  tissues  the 
istaucGs  brought  from  the  alimentary  tract  which  are  destined  to 
\imh  the  di  lie  rent  tissues  of  the  body*  Every  function  of  a  cell  Is 
lOttipanied  by  chemical  change  in  its  coin}>osition,  the  resulting  prod* 
a  in  the  mfijority  of  cases  lieing  no  longer  of  u«c  to  the  economy, 
i  blood  is  charged  to  remove  these  substances  from  the  tissues. 
Again,   it  has   been    found  that  the  vital  functions  of  every  cell 

Citated  a  supply  of  oxygen.  It  is  the  function  of  the  l>lood  to  act 
rier  of  this  gas  and  to  remove  as  well  the  gaseons  j>roduct8  of  cell 
oroposition.  We  thus  find  tliat  tlie  blood  acts  not  only  as  an  organ 
(lutrition,  Ijut  as  an  organ  of  excretion  ;  in  fact,  as  a  common  carrier 
uhe  several  substances  essential  to  cell  life,  and  the  carrier  of  the 
fterious  suhstanccs  resulting  from  the  breaking  down  of  cells,  and  it 
rs  them  to  ditferent  parts  of  the  body  where  special  organs  are  set 
le  for  their  removal,  Tlui  removal  of  these  deleterious  substances 
stitutes  excretion,  the  mode  of  removal  depending  upon  the  nature 
the  substances  to  be  eUminated. 

One  of  the  most  striking  changes  which  occur  in  the  blood  in 
Sling  through  active  organs  is  the  yielding  up  of  oxygen  and  the 
ftdoaditjg  of  the  blood  with  carbon  dioxide.  It  has  been  stated  that 
i  difference  between  the  arterial  and  venous  blood  is  that  the 
■mer  contains  an  excess  of  oxygen,  the  latter  jin  excess  of  carl>on 
)Xide,  the  oxygen  of  the  arterial  blood  being  derived  from  the  almoa- 
ere  and  entering  into  composition  with  the  haemoglobin  as  the  blood 
ises  through  the  capillaries  of  the  lungs.  The  carbon  dioxide  ia 
wed  from  the  breaking  down  of  the  cell-constituents,  and  is  likewise 
loved  firom  the  blood  while  passing  through  the  pulmonary  capinaries, 
5  process  by  which  these  gases  enter  and  leave  the  blood  is  almost 
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purely  physical,  and  is  termed  rcppirntlon.  Respiration  may  tUerefoi 
be  defined  as  that  function  by  means  of  which  ox3^gen  is  takeu  into  ll 
system  and  carlion  dioxide  eliminated.  Oxygen  passes  into  the  Ucx) 
from  the  air,  mainly  by  a  process  of  gaseous  ditfusioii;  the  same  procti 
19  also  Ifirijely  cuneerned  in  the  giving  up  of  oxygen  by  the  bloo<l  to  III 
different  tissues  and  the  absorption  of  ci\rlion  dioxide  from  the  diflcnn 
tissues  Uy  the  blood,  and  the  yielding  of  this  gas  to  the  air  witUiD  tbi 
lungs. 

I.     GK?fERAL  YiEW  OF   THE  ORGANS  OF  REgPIRATTON, The  functioOOi 

respiration  is  an  organic  function,  existing  in  the  vegetable  as  well  as 
the  animal,  the  products  of  respiration  being  the  same  in  lioth.  lull 
vegetable  the  introduction  of  ox^^gen  and  elimination  of  cartmn  dioxidi 
takes  place  both  during  day  and  night,  but  during  the  day  the  funclioi 
of  respiration  is  masked  by  the  processes  of  nutrition  in  wbicli  li»i 
reverse  change  takea  place,  carbon  dioxide  being  appropriated  by  tk 
plant  and  oxygen  set  free. 

In  examining  the  different  forms  of  respiratory  appamtos  peciiftfr 
to  different  kinds  of  organic  beings  it  is  readily  determined  that  In  tH 
the  main  respiratory^  tissue  Is  that  part  of  the  respiratory  ajiparalo* 
which  is  concerned  in  the  absorption  of  oxygen  and  in  the  eliiiiinatit/n 
of  carbon  dioxide,  and,  like  the  digestive  tube,  is  simply  a  inoiiitol**^ 
of  the  external  tegunientary  surface. 

In  the  simplest  forms  of  plant  life  the  external  tegnmentarj* covering 
constitutes  the  entire  respiratory  at>pnratus,  and  it  is  throiiL'li  l^ii*  ^^ 
oxygen  is  absorbed  and  carbon  dioxitle  eliminated.     But  in  the  tncut 
highly  orgnnized  forms  of  plants  a  system  of  tubes,  known  ostbcspfi^ 
vessels,  are  found  ramifying  through  their  stems  and  leaves,  and  evfli 
their  most  perfect  ft>rm   seldom  contain  other  than   gaseoas 
These  spiral  vessels  in  the  endogenous  plants  are  universally  distril 
through  the  stem,  and  form   a  part  of  every  bundle  of  filiro-TTiJ 
tissue;   but   in  the  exogenous  plants  they  are  usually  confiaetl  to  tli 
medullary  sheath  immediately^  surrounding  the  pith.     In  each  c4t5e,bo*' 
ever,  they  traverse  the  stems  in  such  a  manner  as  to  enter  the 
through  the  foot-stalks.     These  vessels  carry  air  from  the  exterior  to 
interior,  and  it  is  an  especial  fact  to  be  noted  that  the  atmospheric 
contained  in  them  possesses  a  larger  amount  of  oxygen  lUnn  ill?  *•*, 
atmosphere.     On   the  under  surfaces   of  le4ives   are  also  to  be  io\ 
distinct  openings,  or  stomata,  which,  although  apparently  for  the 
si  on  of  materials  necessary  for  nutrition,  also  seem  to  have  the 
of  admitting  air  into  the  cavities  existing  in  the  leaves,  especiiiUv 
the  inferior  cuticle.    Thus,  it  is  the  external  surface  of  the  plaalthi 
which  respiration  is  practically  performed. 

So,  also^   in   animals,  respiration   always  takes  place  thrt>i 
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iiiemliranc,  or  sonie  extension  of  such  raemhrane^  outward  pro- 
is  constitiitmg  gills,  inward  prolongations  constituting  tlie  lungs; 
Jl  animals  may  be  classed  as  air-breathers  or  waler^realhers^ 
f  bT€atliiiig  tlie  air  dissolved  in  water.  To  the  former  class 
lyriapads,  spiders^  insects?,  reptiles,  birds,  nnd  maninials,  while 
mnimals,  with  few  exceptions,  are  water-brealhers ;  in  tiic  first 
organs  of  respiration  are  internal ;  in  the  latter  clasg  more  or 
mni,  but  in  all  are  to  be  regarded  as.modiOcations  of  the  external 
Hi  (Fig.  237). 

^e  lowest  forms  of  animal  life,  all  of  which  arc  inhabitants  of 
ere  are  no  prolongations  of  this  membranous  surface — aeration 
lids  Iwing  accomplished  by  their  exposure  to  the  surrounding 
containing  oxygen  in  solution.  No  distinct  respiratory*  organs 
Dt  in  these  forms  of  life,  unless  the  eontnictile  vesicles  described 
constantly  found  in  such  organisms  are  of  this  character.  In 
|>elongtng  to  the  group  of  protozoa  the  surface  of  the  body  is 
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oore  or  less  provided  with  ctlia,  which  serve  by  tlieir  vibrations 
iiially  change  t!ie  stratum  of  wnter  immediiitely  in  contact  with 
mal  surface.  The  presence  of  a  fluid  containing  oxygen  in 
in  contact  with  the  respiratnry  surface  is  thus  always  insured. 
ponges^  as  in  infusoria  and  i>olyps,  we  fimi  tliat  the  respiratory 
xlsts  in  the  form  of  tuhulary  passages  through  the  hotly,  pro- 
tertain  points  with  cilia,  the  air  being  alisorbed  from  the  currents 
passing  through  them. 

be  coelenteratn,  wddch  are  all  aquatic,  no  circulatory  organs  are 
and,  as  a  coiisefpicncc,  no  respiratory  apparatus  j  for  we  find 
|e  organs  of  circulation  are  dependent  upon  the  complexity  of 
^tary  apparatus,  so  the  presence  of  distinct  circulatory  organs 
the  presence  of  organs  of  respiration. 

beccelenterataany  part  of  the  body  surface  appears  to  be  capable 
plisldng  the  interchange  of  oxygen  and  carbon  dioxide.  In  some 
cavity  also,  doubtless,  fulfills  this  function.   This  would  seem  to 
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indicate  a  step  higher  in  orgEnization  and  n  beginning  of  a  spec 
of  certain  tissues  for  carrying  on  the  fnnctions  of  respiration, 
the  ease  in  the  polyps  and  in  tlie  Bea-anemone,  while  in  the 
there  is  a  marked  dilatation  of  the  pharynx,  wtiich  seems  to  In 
larly  inteiuletl  to  provide  for  the  aeration  of  fluids* 

In  certain  memliers  of  tl»e  group  of  annuloida  a  still  hight 
if^ation  of  the  respiratory  apparatus  is  met  with*  Thus,  in  mi 
exist  peculiar  ramified  contractile  vessels^  tlie  trunkB  of  wi 
upon  the  surface  of  the  body,  and  are  in  psirt  ciliat^i  in  tbeil 
Tlie^ie  are  the  ao-ealled  water- vessels,  and  are  siipixmed  to  be  sn 
to  the  respiratory  process. 

In  various  of  the  eehinoderms,  in  addition  to  nnmeroui 
fringes^  two  Bets  of  canals  are  found,  the  one  carrying  the  nutrii 

and  the  other  radiating  fro 
around  the  mouth,  and  dk 
aemted  water. 

In  worms,  espeeially 
silk-worm,  a  syst^jm  of  spir 
aimlogous  to  those  of  the  \ 
permeating  the  struetiin; 
direction  is  often  to  be 
These  are  called  tmeheie,  i 
miinicate  directly  with  tb' 
plicre  by  open  breathing  o\ 
ditfercnt  portions  of  the  Im 
insect,  and  may  be  readil}' 
in  tlie  caterpillar  as  dark  sp 
the  sides.  In  fresh-watei 
like  the  leech  and  earth-worm,  the  body  is  covered  externally  bj 
fluid  which  has  the  power  of  absorbing  air;  so  such  animals  bn 
the  skin,  beneath  which  lies  a  dense  net-work  of  blood-vess 
insects  one  of  these  spiracles,  as  they  are  also  named,  trave 
body  on  either  side  along  its  whole  length,  sending  out  ramifical 
referred  to  above.  The  trachea?  are  prevented  from  having  their 
obliterated  by  S})iral  elastic  fibres  which  seem  an  analogue  of  tl 
laginous  rings  in  the  trachea}  and  bronchiae  of  the  air-breathin 
brates  (Fig.  238). 

Thus,  in  insects,  as  in  mammals,  the  air  is  carried  totheflui 
aerated. 

In  marine  worms,  which  are  water-breathing  animals,  the  s 
form  of  gill  is  seen  ;  it  consists  of  delicate  veins  projecting  t 
the  skin  along  the  side  of  the  body  in  a  series  of  arborescent  tufl 
these  float  in  the  water  the  blood  is  purified  (Figs.  239  and  240). 


Fig.  238.— Trachea  of  I?fSECT,  snowiNO 
THE  Si'liiAL  FiBUE.     {Jt'JJfiey  Bell.) 
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be  spider  the  respiratory  apparatus  consimts  of  a  series  of  sacs, 
jerotis  tljan  the*  trachea*  of  the  silk-worin^  and  nut  t: oi man iii cat- 
each  other;  yet  additional  space  is  obtained  hy  arranging  the 
emhrane  into  a  series  of  fokis,  which  lie  in  close  relation  to  each 
ethe  leaves  of  a  Ijook,  tlius  Ibrnnng  the  first  indication  of  a  Inng; 
C  extensive  surface  thus  produced,  in  which  lies  a  net-work  of 
!  vessels,  Ibe   blood  is  brought  into  imniediate  relation 

with  the  air,  which  enters  through  the  breathing  |»arts 
referred  to.  The  exchange  of  air  in  the  saCH  is  aeeom- 
plished  by  t!ie  movements  of  the  body  of  the  insect, 
whicli  empty  the  sacs  by  compression  aiicl  allow  them 
to  rcfdl  by  the  elasticity  of  their  walls.  These  respira- 
tory cavities  arc  called  |inhnoiiary  branchiie  from  their 
resemblance  on  the  one  hand  to  the  lungs  of  the  higher 
animals,  and  on  the  other  band  to  the  branchiae  or  gill- 
sacs  (Fig.  241). 

In  the  oyster  and  mollusk  we  have  an  approach  to 
the  respiratory  apporatua  of  the  fish.  On  opening  an 
oyster  a  delicate  membrane,  known  as  the  tnantle,  is 
seen  lining  the  edge  of  the  celL  The  gill  is  coiistitnted 
by  a  double  fold  of  the  mantle  covered  with  cilia ^  upon 
the  gill  ramify  the  blood-vessels,  which  are  bathed  liy 
the  water  wbicli  passes  over  them.  From  this  wnter 
the  blood  receives  oxygen  and  gives  carbon  oxide  to  it, 


*-  Thk 
m  {Aft- 


^^ 


"^BH 


PlO,  24a^TRA!f  BVBRaE  SECTTOTf  or  AHKNTCOIJI,  AFTER  GEOENBAt7R> 

(J*#rra/  JitlL) 


^hange  which  is  just  as  essential  to  the  oyster  as  for  breathing 

i  (Fig.  242). 

he  clam  the  gills  nre  inclosed   in  the  mantle,  forming  a  tube,  the 

b rough  which  the  w^ater  is  forced  1)3'  cilia. 

the    lowest   fornis   of   crnstaceanSj  as  in  the  branch ioi>ods,  the 

fy  appendages  are  nothing  more  than  thin  plates,  within  which 
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the  blood  circulates,  tiud  ontsitle  of  wbich  is  the  oxygeuate 
which  they  arc  bathed  (Fig.  24B),  In  tlie  bigber  orders,  as  exe 
by  the  crab^  we  find  uxtenml  gills  like  those  of  the  oyster,  and  i 
to  movable  parts  of  the  body,  as  the  legs,  exemplifying  the  aas 
of  locomotor  with  respiratory  activity.  They  are  kept  iu  on 
bring  the  respiratory  apparatus  in  contact  with  fresh  portions  o 
In  the  crab  the  gills  are  inclosed  within  a  cavity  formed  by  a  d 
of  the  horny  integument,  and  the  stream  of  water  is  kept 


FlO.  211.— RKSPIBATORr  Af^AKATUB  OF  ISSBCT,      (C^rfi^nief,} 

A«  ttrat  pftlr  of  Itfi ;  B.  first  ««|tin«a(  ol  thormx  :  C,  oHpia  nf  wing  ^  D.  »m«onA  pair «^  lific] 
fialr  of  tegi ;  IT,  trMliWB ;  G,  ati^tittU ;  U.  mxt-micm,  * 

these  by  means  of  a  valve  in  the  exit-pipe  worked  by  the  j«' 
constant  movement  canses  a  regular  stream  of  water  to  issuitj 
g  ill-chamber. 

In  tlic  Ihli  the  respiratory  apparatus  in  all  essentials  ' 
with  that  of  the  mollusk,  the  brancbinl  clement  only  being] 
multiplied  in  accordance  with  the  bigber  grade  of  life, 
formed  of  folds  of  membrane,  between  which  are  distribaUd  I 
vessels,  and  which  arc  suapeoded  from  two  bony  or  eartit 
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,  %ii),  Tlie  water  is  tiiki?n  in  hy  a  process  of  swallowing,  the  mouth 
;  first  distendtjd,  nml,  as  the  muselt^s  contract,  the  water  is  expelled 
owgh  the  aperture  on  either  side  of  the  phiirvnx  into  a  cavity  called 
hegitl-cavity^  and,  as  it  passes  over  the  gills,  the  oxygen  of  the  atmos- 
here  held  in  sohition  is  absorbed  by  the  blood. 

Fish  are  tbns  admirably  0tted  for  aquatic  respiration,  but  die  on 
aoval  from  the  water  Irom  the  fact  that,  as  the  gills  dry,  absorption 
ftf  oxygen  is  imjmired,  and  the  gills  cling  together,  and  so  preyent  ex- 
'  posttre  of  tlieir  greater  portion  to  the  air.  Under  such  circumstances 
fislithen  die  from  as[ihyxia.  In  some  cases  there  is  provided  in  addition 
AH  air-bladder  or  swimming-bladder,  like  a  rudimentary  sac  of  the  air- 
bftalliing  apparatus  of  the  higher  animals.  In  its  simplest  condition 
it  is  entirely  closed^  and  can,  therefore,  serve   no   purpose   except  to 

C 


H 


Pig.  2421— Diaorakmatic  Skction  oy  a  L*AWKi.i,rBRANCH  [Fresh-watkr 

M Ui*!*E L,  A f I od&Ti  1    Til  HO VQH  THE   H E A RT,      ( Iltt^hj/, ) 
F,  Tn(rkl«:   G.  aarlclm;  €,  rtctum  ;  F,  i*r\cntdmm,  H,  iaoer  jrUI ;  I,  iruttr^tJl;  U  Q.  MrsKn  of  B«gajiiii; 
£,  rin4 ;  A  At  mMntlm-liAm. 

f'^golate  the  specific  gravity  during  swimming.  In  others  this  bladder 
*^  cannected  with  the  alimentary  canal  by  a  short,  wide  tulK.%  called  the 
ductus  pneumaticus,  and  is  filietl  by  the  process  of  swallowing. 

If  we  admit,  as  seems  perfectly  reasonable,  that  the  air-bladder  of  the 

^shisft  rudimentary  lung,  it  may  be  stated   that  all  vertebrates  in  the 

^ ^n rge  0 r  t  h e i r  1  i  fc  have  two  d i  1 1 e r o n t   kin d s  of  r e s pi r at o r y  a ppara t u s . 

-Everj*  form  of  vertebrate  i wreathes  through  gills  during  embryonic  life ; 

*  11  the  fi>slj  and  a  few  reptiles  the  gills  are  permanent,  but  in  others  they 

^isap[>ear,  and,  will le  traces  of  a  lung  are  seen  in  tdl  vertebrates,  they 

Require  full  development  only  in  re jitites,  birds,  and  mammals  ^  while, 

^ain,  certain  amphibians,  as  the  Proteus  and  Siren,  retain  both  gills  and 

Itings  to  adult  life,  and  thus  form  a  link  between  fishes  and  reptiles. 
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TION  or  A  BitANC  IllOt'lurj, 
IIFIOWINO  THK  I,KAF-JJKK 
OlLLfl,  AFTKR  GlCUUK.     {Jf/* 

frey  Bt'lL} 

C   bmrt:    I.    intestine;    N,  ireiitr*! 

Bft  BR'»  gQlt»  wbleb  mv  Ajpf«ii4«g«*  «f 
tba  tiodjr. 


Vertebrates  are  the  only  animals  that  breathe  through  the  nostriU  or  ' 
mouth.    Fishes  inspire  only,  and  all  vertebrate  animals  in  whom  the  r:U 

are    absent    or     solidl}*    iksteued    togiiin: 
swallow  air. 

In  reptiles  we  firttt  meet  with  a  toinpl.i' 
adai)tatiun  of  a  pulraouary  structure  for  ui 
direct  aerntioii  of  the  blood  through  tb« 
iiillnentie  of  the  atmosphere.  In  iheiii  theit 
is  an  inienial  prolongation  of  the  extenud 
integument,  constituting  the  lungs,  tliongii 
they  exhibit  great  simplicity,  being,  for  i\» 
most  part,  capacious  saca*  occupying  coo* 
fiiderable  l>ulk,  but  l)eing  but  sligl»tly  iuU 
divided,  so  that  the  amount  of  snrfw* 
exposed  is  really  very  small,  the  blood  \mn^ 
exposed  on  one  surface  only  to  aeration. 
The  greatest  diversit}"  is  met  witli  in  these  animals  as  regards  tk 
Btnicturc  and  mobility  of  the  thorax.  In  the  saunans,  the  thom 
resemblcB  that  of  mammab,  with    movable   ribs;    in  the   chelonii,  thi 

thoracic  walls  are  rigid  and  immovable  j  in  I  be 
ophidians^  the  ribs  are  very  numcroos  ifttl 
movabfe,  the  sternum  being  absent.    A<li»- 
phnigni  is  met  witli  only  in  the  higher  sau- 
rians.     In  reptiles  inspinition  is  ncU  accow- 
plished  by  inhalation,  but  by  deglutition, »>t 
being  drawn  into  t!ie  pharynx  by  deprt'^iion 
of  the  liyoid  apparatus,  and  the  nare*  llitiJ 
being  closed,  the  air  is  forced  into  the  tmcbci. 
Expiration  is  accomplished   mainly  by  t^ 
elasticity  of  the  lungs,  aided  by  the  aWom* 
inal  muscles,  and  in  snnrians  and  ojihidi&ni 
by  the  intercostal  muscles  and  tl*e  eiastitUi 
of  the   chest-walJs.      In    snakes,   as  •  rul 
there    is    a   single,   long,    cylindric«d    li 
while  the  left  lung  is  rudimentary. 

In  birdie,  though  the  dinphragm  is  si 
absent  or  nidiniontary,  the  respiratory  a: 
ratus   is   more    complicated    tlian    any 
considered,  so  that  the  energy  of  the  respl 
tory   process   is    much    increased,  and    y 
tlie  general  |>lan  of  the  apparatus  is  much  more  closely  nllied  to  that 
reptiles  than  of  mammals.     For  each  lung  may  be  considertni  to  l>c  frill 
divided  into  lobules,  each  of  which  resembles  the  rudimeutarj*  lang 


FlO.  Mi— ^Ml.t.  r-r    rriR  Pkbch, 
(Jfjfrrp  ItrtL) 
A,  tfMohkt  %Titrj .  B.  branch  iai  Arch 
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tbe  frog,  flattened  and  fixed  to  the  back  of  the  thorax.  In  addition  to 
the  elementary  lungs  numerous  large  air-sacs,  distributed  in  various 
|uti  of  the  body,  as  the  abdomen,  the  muscular  interspaces,  interior 
tf  the  bones,  etc.,  are  found  communicating  with  the  lungs.  And 
u  the  lining  membrane  of  the  bones,  as  well  as  of  all  these  cavities,  is 
•Ktremely  vascular,  it  also,  in  these  localities,  serves  to  assist  in  the  aera- 
tion of  the  blood  by  exposure  to  the  air.  In  fact,  if  the  wind-pipe  be  tied 
nd  an  opening  be  made  in  the  wing-bone,  respiration  maj*  still  go  on. 
TIds  large  increase  of  respiratory  surface  serves  as  well  as  store-room  for 
itBosphere  and  is  well  adapted  to  the  purposes  of  flight,  during  which 
the  respiratory  movements  are  less  free.  The  lungs  and  the  accessory 
•Ifaratus  of  birds  is  filled  with  air  by  the  process  of  suction  through 
the  trachea,  in  consequence  of  the  permanent  distended  condition  of  the 
wkle  cavity  of  the  trunk  from  the  nature  of  its  bony  encasement.  Such 
ii  the  natural  condition  of  this  bonj'  frame-work  that  when  no  pressure 
is  made  upon  it  it  is  completely  distended  ;  as  a  consequence,  the  lung- 
tfaeoe  permanently  attached  to  the  ribs  possesses  such  a  degree  of  elas- 
ticity as  to  enable  it  to  spontaneously  dilate.  Hence,  the  disposition  of 
the  air  to  fill  the  distended  cavities  until,  bj*  the  action  of  the  extenial 
ftnscles  upon  the  bony  frame-work,  a  portion  of  the  air  is  expelled  and  its 
place  again  immediately  taken  b}-  a  fresh  supply-  of  air  on  relaxation  of 
these  muscles.  Inspiration,  tlierefore,  in  birds,  in  opposition  to  what 
We  shall  find  to  be  the  case  in  mammals,  is  passive,  while  expiration  is 
•ctiveand  is  accomplished  b}'  drawing  the  sternum  toward  the  backbone 
by  muscular  contraction,  thus  compressing  the  lung  and  expelling  the  air. 

The  organs  of  respiration  in  man  and  mammals  generally  consist  of, 
first,  the  bony  frame-work  of  the  chest ;  second,  the  diaphragm  and  other 
muscles;  and,  third,  the  trachea,  bronchial  tubes,  and  air-vessels.  In 
mammals  alone  is  tliere  a  perfect  thorax,  i.e.,  a  closed  cavity  for  tlie 
heart  and  lungs,  with  movable  walls  and  a  muscular  partition,  the 
diaphragm,  separating  the  thoracic  from  the  abdominal  cavit}'. 

The  trachea  is  a  cylindrical  tube  consisting  of  a  varying  number  of 
cartilaginous  rings,  imperfect  posteriorly  in  man  and  most  animals. 
These  posterior  imperfect  spaces  are  occupied  In'  the  muscles  which 
control  the  calibre  of  the  tube.  The  use  of  these  cartilaginous  rings  is 
to  keep  the  tube  patulous,  so  as  to  permit  the  entrance  and  free  egress 
of  air,  subserving  the  same  function  as  the  spiral  fibres  in  the  interior 
of  the  air-vessels  of  the  plant  and  insect  already  described.  Immediately 
within  the  cartilaginous  rings,  which  are  bound  together  by  fibrous 
tissue,  is  found  a  fibrous  connecting  membrane ;  within  that  is  a  mucous 
inembnine  continuous  with  that  of  the  mouth  and  the  pharynx,  supplied 
with  cylindrical,  ciliated,  epithelial  cells,  the  cilia  of  which  vibrate  toward 
the  pharynx  and  serve  the  purpose  of  facilitating  the  discharge  of  the 
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secretions  or  of  any  foreign  substance  which  may  lodge  upon  it    Wlnl 
the  traeheii  reaches  the  second  or  third  dorsiil  vertebra  it  bifurcates  into 
two  principal  bront-'hi^  passing  one  to  each  Inng,  and  subsequently  thtse 
agiiin  divide  and  subdivide  in  various  directions  until  they  have  attained 
the  size  of  the  most  minute  l>ronehial  tubes. 

The   larynx,   which   is    placed   at  the   laryngeal  extremity  of  the 
trachea,  may  be  considered  as  corresponding  to  the  Imse  of  a  tree,  the 
trachea  to  its  trunk,  and  the  bronchi  to  its  different  braochc-s ;  while  the 
ultimate   bronchi    terminating  in  the  air-vesicles  of  the  lung  mav  be 
regarded  as  representing  the  leaves  of  the  tree.     The  bronchi  have  iht 
same  anatomical  constituents  as  the  trachea,  and  are  composed  of  carti- 
laginous   rings,   musculo-fibrous  membnuw, 
and  a  lining  mucous  membrane  (Fig.  245), 
The   cartilaginous  rings  are  also  irn perfect 
but  the  imperfect  spaces  are  irregularly  dit* 
tribntcd,  sometimes  in  front  and  somtftimes 
at  the  side.     The  object  of  the  rings  is. of 
course,   the   same   as   those  of  the  tmchci 
The  tubes  are  thus  mere   gaseous  coudtjiti 
ke[it'|>attilon8  by  their  cartilaginous  con5tj^ 
uents.     In   the   bronchi  a  fibrous  husouMOl 
merahraue   is   found,   as   well   as   m 
nsuscidar    fibres,   and    in    the    hruh 
muscnlar  fibres  do  not  merely  coiinHtlii 
ends  of  the  rings,  but  completely  enciHe  tk 
tuinfs  in  the  form  of  annuhir  lihres,    fhast 
muscular  fibres  are  unstriped  and  inrolot- 
tary,  and   therefore   possess  the  same  chf- 
acteristics  as  the    unstriped   muscular  t^ 
found  elsewhere,  and  serve  to  rcgublftif 
calibre  of  the   tubes.      The   lining  m^^ 
membrane  of  the  bronchi  is  also  a  ciliated  membrane  and  ex  tends  dots 
to  the  commeucomeut  of  the  finest  bronchi.     In  the  mucous  n 
are  foiuid  tubular  glands  forming  a  mucous  secretion.     In  tlu 
bronchi  the  cartilaginous  rings  disappear  and  the  lironchiole*  are  li<^ 
constituted  of  a  la3'er  of  circular  muscular  filu*es  with  an  inner  epitlia 
membrane,  the  cartilaginous  rings  disappearing  when  thebroneLil 
been  reduced  to  about  one-thirtieth  to  one-Oftieth  of  an  inch  in  dUnjft^t 
The  In'onchi  ultimatel}^  terminal e  in  a  dilated  portion,  tenne*! 
fuudibula,  which  consist  wimph^  of  a  homogeneous  membran 
supplied  with  blood-vessels.     This   dilatation    is    formed  by  the  f^ 
material  as  constitutes  the  fibrous  wall  of  the  tul>e  thrown  tip  ialoMfc 
between  which  ramify  the  blood-vessels.      The  contained  blood  is^tteJ^  ] 


FlO.  245.— BRANrTTTAT.  Trek  of 
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e,  exposed  on  both  sides  to  the  atmosphere.  As  the  capillary  net- 
is  spread  over  several  eel  Is  ^  aeration  of  the  blood  is  thus 
oronghly  secured,  and  in  this  loeality  the  venous  blood  is  converted 
hto  arterial.  The  calibre  of  tlicse  capilluries  is  extremely  suiall,  being 
ily  in  diameter  equal  to  tlie  thickness  of  a  red  blood -corpuscle.  It  haa 
en  estimated^  nevertheless,  that  the  pulmonary  ca[»illaries  in  man  are 
Upable  of  containing  about  two  liters  of  blood,  and  it  has  been  further 
tolated  that  this  amount  is  renewed  ten  thousand  times  in  twenty-four 
ours.  And,  even  making  allowances  for  error  in  these  calcnbitiona,  it 
is  evident  lu>w  large  is  the  surface  for  the  interchange  of  gases  between 
the  air  and  blood. 

The  diameter  of  the  air-vesicles  is  from  one  two-hundredth  to  one- 
leyentieth  of  an  inch.  Their  number  in  almost  infinite.  It  has  l>een 
calculated  that  about  the  termination  of  each  bronchus  in  a  mammal  are 
collected  seventeen  thousand  seven  hundred  and  ninety  air-cells,  and 
their  tiilal  number  has  been  computed  to  be  at  least  six  hundred  millions. 
It  lias  been  further  calcubited  by  Lieberkiihn  that  the  whole  extent  of 
respiratory  surface  of  both  lungs  in  man  is  fi:>urteen  thousand  square 
f«et^  or  two  hundred  square  meters,  and  this  surface  is  attained  through 
the  rfilu plications  of  the  membrane,  so  occupying  the  least  possible 
liulk.  The  air-vesicles  gradually  increase  in  number  from  infancy  to 
mitilt  life,  when  they  remain  stationary  for  a  time,  after  which  they 
<k"liue»  so  that  there  is  less  respiratory  surface  in  infancy  and  old  age 
llijiu  in  adult  bfe. 

The  walls  of  the  air-A^esicles  are  highly  elastic^  from  the  presence  of 
eUstic  fibres,  which  form  a  close  net-w  ork  with  very  fine  meshes.  Through 
the  presence  of  this  elastic  tissue  the  air-vesicles,  therefore,  tend  contin- 
Oiiliy  to  contract, — a  phenomenon  which,  as  will  be  later  demonstrated, 
is  of  the  greatest  importance  for  the  process  of  expiration.  All  the 
different  parts  of  the  lungs  are  held  together  by  delitiatc  elastic  tissue, 
iiid  untside  of  this  by  a  serous  membrane,  termed  the  pleura,  w^hich 
covers  the  external  surface  of  the  lungs  and  is  reflected  on  to  the  internal 
sorface  of  the  thorax.  The  pleural  membrane  thus  forms  a  shut  sac, 
lad  the  lunii  lies  on  the  outside  of  it, 

Tlje  thorax  is  composed  of  a  closed  cavity  in  the  form  of  a  truncated 
cone,  of  which  the  sides,  back,  and  a  portion  of  the  interior  surfaces 
ire  formed  by  tlie  ribs  and  costal  cartilages  with  their  intervening 
ttinscles.  Its  base  is  oblong,  more  or  less  flattened  lateral h^  in  quad- 
ruj>ed8  and  antero-posteriorly  in  man.  The  ribs  are  always  more  or  less 
onrved,  with  their  concavity  directed  internally.  In  generrd,  the  first  rib 
ift  the  shortest^  is  less  curved,  and  less  inclined  to  the  vertebnd  column, 
•^s anile,  it  may  be  stated  that  in  animals  in  whom  the  thorax  is  short 
l^e  Hlwt  are  more  curved  than  in  those  where  the  thorax  is  longer. 
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The  backbone  forms  a  part  of  the  posterior  boundary  of  llie  chert, 

the  sternum  the  anterior  boundary.  Below,  the  thorax  is  shut  otT  from 
the  abdominal  cavity  in  mammals  by  the  diaphragm  ;  above,  it  b  dtvm\ 
by  the  muscles  of  tlie  neck.  The  lungs  are  suajiended  in  ai  semt-distviided 
state  in  the  cavity  of  the  thomx,  and  with  the  iieart  and  grrat  Wood. 
vessels  coinpltitely  fill  it.  Since  the  tlionut  forms  an  air-tight  onrHy 
there  is  through  the  elasticity  of  the  lungs  a  constant  tendeney  to  tJif 
production  of  a  vaemim  between  the  pleural  surfaces.  This  tt-'udency  to 
contraction,  due  to  tiie  clastic  llljres  of  the  lungs,  is  of  great  iitiimrtance 
in  assisting  respiration.  If  an  opening  be  made  into  the  pleursd  csivHj 
the  atmosphere  at  ouce  enters,  and  the  lungs  then  tbrough  thtnr  ebstidlj 
collapse.  Atniospherie  pressure  Wing  the  same  within  and  witbont  ttit 
Inngs^  the  resistnnue  of  the  walls  of  the  thomx  is  the  only  &ctor  wyeh 
prevents  tlie  collapse  Of  the  thorax  from  the  elasticity  of  the  luogs. 

This  tendency  to  retraction  of  the  thoratne  wjiUsi  is*  reudity  Be<*ii  in 
the   intercostal   spaces,   [mrticukrly    if  the   outer   muscular  layt*^  he 
removed.     Distinct  depressions  may  then  be  recognized  l>etwi-t'ii  ^ch 
rib,  and  indicate  the  uegative  pressure  produced  upon  the  wnlls  of  ibe 
thorax   b^^  the   constant  tendency  to  contraction   of  the  lun*?^.    This 
negative  pre^^sure  is  likewise  exerted  on  the  upi>er  and  lower  t'xtrenjitie* 
of  the  thorax*     There  is,  therefore,  a  constant  depression  of  tijc  wA 
tissues  of   the   neck   toward   the   thoracic   cavity,  until  the  iacreased 
tension  so  protluced  results  in  equilibrium.     So,  aUo,  there  is  a  ooti^ttnt 
teudeucy  to  the  ascent  of  the  diaphragm  in  the  thoracic  cavity  by  tte 
same  means.     lu  the  passive  state  of  the  thorax  there  is,  tlieref^'f^i  * 
constant  tM[uilibrium  produced,  which  ret^nlts  from  the  iMlanee  belwwi 
this  negative  pressure  exerted  by  the  lungs  and  the  resistance  of  tii< 
walls  of  the  thorax. 

The  walls  of  the  thorax,  in  so  far  as  they  arc  constituted  by  Ih^fil^ 
and  dinphrtigm,  arc  not^  however,  rigid,  Imt  are  capable  of  midei^mDi: 
chanj^e  in  position. 

The  ribs  are  acted  on  by  varions  muscles  ^hose  contraclioD  r^^nlti 
iu  an  increase  in  the  lateral  and  antero-posterior  diameters  of  tk' t^ioi^ 
The  diaphragm  is  also  capable  of  changing  its  position,  Imt  wbeu  "t 
contracts  tends  to  depart  from  its  concave,  dome-like  positiuJi.  **^ 
become  more  iiorizonUil.  The  contraetiou  of  the  diaphragm,  tlimfoft, 
serves  to  increase  the  vcrticni  diameter  of  the  thorax. 

As  the  tiiorax  is  increased  in  its  dimensions  the  lungs  arecefflt*'W 
to  follow  its  movements,  from  the  fjict  that  otherwise  there  woul<l  '*  * 
production  of  a  vacuum  in  the  pleural  cavity.  As,  however,  Ib^  lt"*f* 
likewise  become  increased  in  volume,  the  air  in  them  becomes  r^f^^^^ 
and  since  the  air  within  the  lungs  is  in  direct  communication  with  lb* 
atmosphere  the  air  streams  in  from  without  to  the  interior  of  tliL'  k^p\ 
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tintU  equilibrium  is  produced  (Fig,  246).  On  the  other  hand,  if  the  forces 
which  produce  enlargement  of  tlie  thorax  cease  to  act,  the  elasticity  of 
the  lungs,  together  witU  tliiit  of  the  cartilages  of  the  rilis,  \n  now  suttleient 
to  produce  a  return  of  the  thorax  to  its  original  volume.  The  lungs, 
Ikrefore,  now  decrease  in  volume,  and  as  a  consequence  the  air  within 
lliein  tends  to  liecorae  compressed*  nnd^  as  a  result,  a  portion  of  the  air 
U  expelled  through  the  air-pussages  to  the  external  atmospht*re.  The 
txpansion  of  the  thorax  constitutes  inspiration;  tlie  contraction  of  the 
tbonx  constitutes  expiration. 

As  the  tension  of  air  in  the  lungs  1>ecomes  decreased  through 
inspiration,  fresh  air  enters  tlie  lungs  which  is  less  charged  with  tbe 
cari>on  dioxide  than  that  previously  present  in  the  lungs,  while  it  is  also 


PlO.  346.— BlAORAMMATIC    REPRE«KKTATlO?f  OF    THE    llELATIOKS    BETWEEN 
TUB   LUN«a  AND  THE  TllORAClC  CAVITV,   AKTKU   FUNJCK,      {JtetiUHit.} 
TlMlMll'jttr.  1,  rtfirBMnU  the  thonijt ;  the  nibhnr  inoDibntii«,  I.  the  iltiijtlinurTn ;  the  niFinhnind,  6.  tli« 
|«fi|wrt«  at  MM  jicit«fr<*«taJ  «(ifte«;  2,  Lbe  traebc«,  KmninAtiaf  iu  two  rabbvr  hu1b«  rvpr^wntinf  th«  lung*; 

lo  tha  ag«ir»  to  Um  laft  the  klmotptMrria  firMiurt  within  the  li«l|-jar  U  thn  •itine  at  on  the  fitttttde^  and 
Ibf  wamreawj  In  th«  manumctar  »taii<u  at  the  tama  lavol  tn  both  njins.  If  ibe  nilii-er  trivinhrAntf^  4,  (i 
K  4r»ara  itwvrDwanl  hy  the  biT(iii>nr  "*,  thr  pavitji'  <>r  th«  twtk-jar  ii  tncmtHfJ  and  the  ii,t]itkii«|iher!o  |:»ct>ii0arf 
B  ilmiaUhwI.  %m  ihrtvt'n  hy  Ihe  mqn>im«t«r  mod  th«  d«preM4U  vpww.  fv.  The  iicratli«  prp^tunr  thai  rirodarwl 
^  hiftdf  la  thv  etvlranoe  nf^  Atr  thruup'h  ihe  iuh«,  £,  into  tha  ruhbuir  hnlht,  whicli  i*oiUM»«;ja«ue1y  «xpaitd.  Tlia 
**      tt/iwa.  i»t  tha  di«,|ihfKgin  ia  rirwludag  mi^iiratlun  ka  ttr«Gi»ol/  timilar. 

^ielier  In  oxygen*  l\y  diffusion,  from  the  inequality  of  these  gaseous 
fusions,  we  have  oxygen  brought  to  the  iowerraost  strata  of  air  in  the 
•Uiigs  ancl  carbon  dioxide  ditfusing  from  tliera,and  when  tlie  air  again 
leaves  the  lungs  in  expiration  it  has  Ik?cu  the  means  of  introducing 
^^Jgen  into  the  lungs  and  i*emovmg  carbon  dioxide  from  thenu 

The  amount  of  air  which  ordinarily  enti!rs  the  lungs  in  inspiration 
^nd  H  dispelled  in  expiration  is  spoken  of  as  the  tidal  volume.  By 
'orcible  muscniar  contractions  the  capacity  of  the  thorax  may  be  both 
increased  and  decreased  beyond  the  dimeusions  present  in  gentle  respi- 
ration. The  amount  of  air  so  drawn  in  by  a  forced  inspiration  is  spoken 
^^  ns  com  piemen  tal  air  j  that  expelled  from  the  lungs  in  violent  expiration 
^»  spoken  of  as  supplemental  air;  while,  even  after  forced  expii-atioOi  a 
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consideralile  amount  of  air  remxiius  in  the  lungs,  and  this  qnantvty  in 
spoken  of  as  tlie  residual  volume. 

2.  The  Mechanical  Processes  of  Hesptration. —  Tfte  Mechanim^f 
Inspiration. — Every  incrcMise  in  fhe  diameters  of  the  thorax  prwluces,*! 
a  consequence,  for  the  reasons  already  referred  to,  an  expansion  of  the 
lungs;  hence,  air  enters  the  lungs  from  the  difference  in  atmospheric 
pressures.  Stich  a  movement  is  termed  an  intspiration.  It  is  d*?ar  tiial 
in  the  production  of  inspiration  the  natural  elasticity  of  the  lung^  and 
the  thoracic  walls  must  lie  overcome.  Inspimtion  is,  therefore, an  actjff 
movement  and  requires  the  exertion  of  museular  force.  The  diameten 
of  the  thorax  ma^^  he  increased  either  through  the  elevation  of  the  rite 
or  through  the  descent  of  the  diaphragm.  It  is  through  the  latter  llmt 
in  quiet  respiration  inspiration  is  produced.    The  diaphragm  nmy^tbere- 

fore»  be  regarded  as  the  principal  nmsck 
of  inspiration.  In  its  condition  of  relai^ 
ation  the  muscular  libres  of  the  diaphrngtB 
together  form  a  curved  surface  whose  con- 
cavity extends  far  up  into  the  thorax. 
When  the  muscular  fibres  of  thediapim^'B 
shorten  they  tend  to  form  a  straight  liw 
between  their  origins  and  insertions,  att<it 
therefore,  the  diaphragm  in  its  condition 
of  extreme  contraction  tends  to  form  afl 
almost  plnne  surface  across  the  lowef 
portion  of  the  thorax.  The  origins  aT»d 
insertions  of  the  muscular  fibres  oftlit 
diaphragm  may  be  regarded  as  compwi^ 
tively  Oxed,  The  central  tendon  i»i 
moreover,  but  slightlj-  movable,  since  it  i* 
firmly  connected  with  the  organs  occupying  the  mediastinum  abovttisd 
below  is  more  or  less  supported  by  the  liver  and  stomach.  It  i§,  tli^w* 
fore,  evident  that  tiie  diaphragm  in  inspiration  cannot  become  com plHelj 
flattened,  since  its  curvature  corresponds  with  that  of  the  curvalart  of 
the  abdominal  organs.  When  the  diaphragm,  then,  contracts,  tht  currt 
is  slightly  flattened  out,  and  tliis  muscle  may,  therefore,  be  reganW** 
acting  as  a  curved  piston  which  descends  iu  the  cavity  of  the  thana,i*' 
BO  increases  its  long  diameter;  at  the  moment  in  which  the  diaphnp* 
contracts,  the  ribs  iu  which  it  is  inserted  f^nteriorly  are  actively  • 
Thus,  while  the  diaphmgra  in  descending  tends  to  lengthen  tb* 
diameter  of  the  chest,  the  elevation  of  the  inferior  ribs  would  ui»  ^^^ 
diminish  this  diameter. 

The  ascent  of  the  lower  ribs  is,  nevertheless,  much  less  erten^itt 
than  the  descent  of  the  diaphragm.   It  is  further  to  be  noticed  that  trdf 


Fro.   247,-'DlAORAMWATlC  RePBE' 
SKNTATIUS    UK    TttK  ACtJON  OF 

THE  DiAi'UKAOM.    {Bielard.) 

If  A  rflp>r«ii«Kt  •  pUo«  «x(flDdinf  ia  expl- 
ntUra  from  (li«  ateFauii]  to  t)i«  vertvbrji,  Atid 
n  iht  poaiLioa  oftli*  4i«phirMiii,  la  iupirftiiim 
IJie  |il&ne  A  wktl  mnv«  ui  a.  irbiU tivc dtaphngm 
wih  dttsMud  to  d. 
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ieSTof  the  ribs  produces  an  increase  in  the  antero-posterior  diameter 
the  thorax ;  or,  in  other  words,  increases  the  distance  between  the 
mum  and  vertebral  column.  Tlierefore,  this  ascent  of  the  ribs,  so 
from  diminishing  tlie  inspiratory  elTcct  of  tlie  diafihragm,  tends  even 
increase  it.     This  may  be  renilercd  clear  by  the  diagram  (Fig.  24T). 

At  the  same  time  the  diaphragm  contracts  the  abdominal  organs  are 
sssed  downward,  and  so  cause  a  projection  of  the  abdominal  walls. 

In  forced  inspiration  the  power  exerted  on  the  ribs  through  the  dia- 
mgm  is  greater  than  that  which  tends  to  elevate  the  lower  ribs.  This 
eapecially  the  case  when  there  is  any  obstruction  to  tlie  entrance  of 
rinto  the  lungs.  In  sneh  eases  there  is  a  distinct  constriction  of  tijo 
orax  at  the  points  of  insertion  of  the  fibres  of  the  diaphragm.  This 
ilnction  in  the  circumference  of  the  chest  at  these  points  is,  however, 
but  slight  importance,  since  the  increase  of  the  thoracic  cavity  by  the 
e&ler  descent  of  the  diaphragm  more  than  compensates  for  the  decrease 
its  eircumferenee.  It  is  probable  that  in  all  circumstances  this  de- 
easion  of  the  lower  ribs  would  be  more  marked  in  strong  contraction 
the  diaphragm  were  it  not  for  the  fact  that  the  descent  of  the  ab- 
minal  organs  produces  an  increased  tension  in  the  abdominal  walls, 
[I,  therefore,  offers  a  certain  resistance  to  the  production  of  this 
istriction. 

Coiin  has  estimated  that  in  the  horse  the  diaphragm  in  inspiration 
icends  from  ten  to  twelve  centimeters  in  the  abdominal  cavity,  thus, 
this  extent,  increasing  the  long  diameter  of  the  thorax,  while  the 
Dsverse  diameter  at  the  same  time  increases  from  three  to  four  cen ti- 
ters. 

The  movements  of  the  ribs  in  producing  inspiration  are  much  more 
aplicated.  Each  rib  articulates  by  two  facets  with  a  costal  cavity 
med  by  the  junction  of  tlie  ribs  and  two  contiguous  dorsal  vertebrie. 
;  only  movement  possible  in  the  ribs,  therefore,  must  occur  around  a 
<  which  passes  between  these  two  pQints  of  articulation ;  or,  in  other 
xia,  nearly  coincides  with  the  axis  of  the  neck  of  the  rib.  If  the  ribs 
•e  straight  they  would  be  only  able  to  turn  around  on  their  own  axes ; 
se,  however,  the  ribs  are  all  curved  in  dilTerent  degrees,  the  turning  of 

rih  around  the  axis  of  its  neck  causes  every  point  of  the  rib  to 

t*be  an  are  of  a  circle  (Fig.  248). 
nrther,  the  point  of  articulation  of  each  rib  with  the  vertebral 
n  is  on  a  higher  plane  than  its  articulation  with  the  sternum  and 
ital  cartilages,  the  degree  of  inclination  being  greatest  in  the  first  rib, 
lit  in  the  second,  and  then  gradually  increasing  until  the  last  rib  forms 
aost  the  same  angle  as  the  first.  From  this  arrangement  it  is  evident 
kt  every  elevation  of  the  ribs  will  increase  the  distance  between  th€ 
mum  and  tlie  vertebral  column,  while  the  rotation  of  the  ribs  w'" 
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increase  the  lateral  disimeters  of  the  thorax;  for,  since  the  ribi 
arches,  each  iiicreaning  in  its  radius  from  above  dowuiranl,  it  is  ft 
that  wlien  tbe  lower  rib  is  eo  elevated  as  to  occupy  the  positioii 
viously  held  by  an  uiipcr  rib  the  lateral  diameter  of  the  ihow 
that  j>oint  will  be  greater  than  Ixifore.  Still  further,  the  articuiatioi 
the  ribs  with  the  sternum  are  more  or  leas  fixed,  and  the  peiiMi 
therefore,  which  these  articulations  offer  to  the  movemeut  of  tlw 


^ 


Fia.  218— Thb  Action  of  tiik  Rma  op  Maw  rf  l^e^^FiRATiosf.   (I 

Th«  «hik4o<l  fmtiM  ropuMf  nt  th*  po«Hlftn»  of  th«  rth*  In  rwr- 

£1#n«  jiikMinK  Ihrotjf  h  th«  •ternni  •xCr«mUy  I'f  Utt  MwnUi  lih  -  prvwnta  • 

iniihfnir  th«  •uT-iri«re*lr«miri     r  il,.-.  .i^^n i    t],,,  Tiuq  U  Q  i»  '  *  .r  dtmctto* 

Wh«ii  li«rib«  a™e1ei'»l*l.  > ->  iho  lim  A  li  t«-..iMe*lW  |4ft«»< 

t^  I  in*  rd,  Aod  the  tin*  1 1  rrrjj«cili<>fi  «(  lh«  •toniita  balac  I 

luferiodj.    Th»  d»tt»in.ii  ^-  .  \  fkutn  Uta  Una  «  n 


1 


will  in  the  elevation  of  the  ribs  tend  to  open  out  the  angles  betl 
riba  and  their  cartilages^ 

By  the  elevation,  consevjnentl^^  of  the  ribs,  the  diameters  < 
thorax  arc  increased  both  laterally  and  in  an  antero-posterior  diiw 
Hence,  everytlnnjj^  that  tends  to  elevate  the  ribs  will  produce  an  Jfif 
tory  movement]  everything  which  depresses  tbe  rilM  will  prixliw 
expiration.  All  muscles,  therefore,  which  in  any  way 
elevations  of  the  ribs  are  inspiratory  muscles. 


RESPIRATION. 


The  most  iiupoitant  muscles  of  iiiKpiration,  wbicli  act  by  elevating ' 

th«  ribs,  are  the  levatores  costanun.     These  are  sraall  inuHcIeB  wJiich 

T^se  from  the  upper  sides  of  the  cervical  and  dorsal  vortcbnc,  and  are 

inserted  in  the  posterior  surfaces  of  the  ribs,     Altliongh  tliose  iire  small 

muicles,  they  are  inserted  near  to  the  axis  of  rotation  of  the  ril)S,  and, 

consequently,  but  a  slight  decree  of  contraction,  the  lever  being  so  long, 

will  produce  considerable  elevation  of  the  anterior  extremity  of  tlie  rib^. 

Attlie  anterior  extremity  of  the  upper  two  ribs  are  inserted  the  scalene 

tiDBcles,  which  rise  from  the  cervical  vertebra,  and  wluch  in  their  con- 

t 
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Fia*  9I9.^SCHBMK  OF  ACTTOK  OF  THE  iNTRRCQflTAl*   'SlVHChKB.      (Laml(Hi.\ 
L  Whea  tb«  mA*  a  mn&  h^  «h  it'll  rii>r>T«>wiil  the  Hb»,  ire  ralaMi  ihe  lateRMwIal  •pwM  Bmft  b«  wMa»id 

(M  >  c  #*|i.     On  th«  opiKitfktfl  ridfl,  wh«ti  thi*  rnd»  »re  nUved.  th«  line  .i  Mm  ahoriamaii  I i  kKS  *^  «*>•  *iT»B- 

tMh  i»r  Dm  ulenukl  iiii«rt«i«t*U } :  I  m  ia  l«nj^«n«<l  <t  m  <  <>  n,  thv  dinetiofi  of  the  Intornftl  intoroMbi}! ', 
n.  Wb«a  liM  ritai  are  rsbMd  tha  iBtert«jiiliixiii«i.  indimtAd  tv  </  A,  mit  t)ra  «iUro.ft1  intorerwtals.  ln> 

tktftla4  Ikf  (  kt  ftra  iluirtoiMd.  Whan  th«  litM  »r«  niiwd  th«  pocitiuii  of  the  oraicalar  Abrwt  jf  indicated  hy 

1^  4iBfliWiala  uf  th*  ifaomlM  beoteniiDC  ihnrtar. 

^^^-^^tioii  »erve  to  elevate  the  first  ri]>s,  and  so  also  tend  to  elevate  the 
*^^t:i re  thoracic  walL 

Between  the  ril)s  are  found  the  intercostal  mnsclea,  which  form  two 
^'^^^'^crs,  tlie  external  and  internaL     The  external  intercostal  muscles  ai'e 
attjiched  to  the  adjacent  mar (^i us  of  each  pair  of  ril>s,  and  extend  from 
^^'^^e  tuliercles  of  the  ribs^  behind,  to  the  commencement  of  the  cartilafies 
*^^  the  riha,  in  front,  where  they  terminate  into  a  tliin.  membranous  aponeu- 
rosis, which  is  continued  forward  to  the  sternum.     They  arise  from  the 
**uterli|>  of  the  groove  em  the  lower  border  of  each  rib,  and  are  inserted 
^to  the  upper  border  of  the  rib  below.    Their  fibres  are  directed  obliquely 
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down  wan!  iind  lurwanl  (Fifj:,  M2).  When  the  oxtenml  intercostal 
muscles,  tlieietVjre,  Hliorlen^  tbey  tt!ud,  of  course,  to  approximate  tkif 
origins  and  iiiHertHjas,  unil  su  bring  the  ribs  into  a  po^sition  in  wliidi 
tbe  distance  between  tbeir  point  of  origin  and  insertion  will  im  ik 
ftiiortest  possible.  Tlii?^  condition  iw,  of  eoursf ,  fulfilled  when  tlje  rib 
are  horizontal  j  therefore,  the  contraction  of  the  extenial  intercosUi 
muftcles  serves  to  elevate  the  ribs,  and  these  museleft  are,  therefore, to 
tbat  extent  inHpiratury. 

In  ([iiiet  ]ns[iiratioti  the  t'uvity  of  tlie  thoi-^x  is  increased  by  th 
contractions  of  the  scalene  muscles,  llie  levatores  costaririo,  and  extcnal 
intercostal  muscles,  which  all  Hcrve  to  elevate  tbe  ribs.  The  diaphragm 
also,  by  its  contraction,  is  perhaps  tbe  rnost  important  inspimron 
muscle. 

If  the  head  Ikj  fixed,  tiie  sterno-mastoid  muscle,  by  its  coiitwctiou, 
serves  to  elevate  the  stermnn,  and,  as  a  consequence,  elevates  nil  tht 
ribs.  It,  therefore,  may  be  rc^jarded  as  an  accessory  muscle  of  uispinitiou, 
wbieh  is,  however,  only  employed  in  forced  inspiration.  If  the  scfl|)ul4 
be  fixed,  tbe  pectoralis  minor  muscle,  whicb  rises  from  the  conutiid 
process  of  this  bone  to  be  iuKcrted  into  the  anterior  extremities  of  tb« 
upper  ribs,  will  by  its  contraction  also  serve  to  elevate  the  ril«;  *o, 
also,  the  seratus  posticus  superior  muscle  may  also,  in  forced  inspinition, 
serve  to  elevate  the  ribs,  and  so  act  us  an  auxiliary  muscle  of  iiis[iiratioiu 

The  Medtfitnsm  of  Expiration. — ^^hi  the  production  of  the  eiil«i^ 
ment  of  the  chest,  such  as  is  essential  to  tbe  accomplisbmetit  of  inspim* 
tion,  it  has  been  ment  tone  t1  that  the  elnstieity  of  tbe  lungs  and  tbomcie 
walls  lias  to  l)e  overcome  by  exertion  of  muscular  foive ;  when  tlic 
inspiratory  muscles  relax,  the  elasticity  of  the  lungs  and  thorax  Uiloin? 
sufficient  to  cause  the  Inugs  to  return  to  their  original  vobime.  This 
contraction  of  the  lungs,  of  course,  occasions  the  expulsion  of  a  quantity 
of  air  from  tlieir  interior,  and  expiration  is  therefore  prodnee*!.  Hi* 
tliUH  seen  that  expiration  is  mainly  a  passive  movement,  due  tu  tlie 
reaction  of  the  forces  wliich  have  to  be  overcome  in  the  pro<ludiofl 
of  inH]>iration. 

It  has  been  stated  tbat  wiien  the  diaphragm  descends  in  inspiration 
by  forcing  tbe  abdominal  contents  downwjirtl  the  aUlominal  walb*  *^ 
put  upon  the  stretch  ;  when  tbe  diaphragm  relaxes  the  alxlomiattl  ^^ 
tend  to  regain  their  original  i>c»sitiou,  the  alKlominal  organs  are  forc«« 
upward  into  tbe  thoracic  cavity,  and  the  borders  of  tlie  rib«»  which  ^^ 
been    slightly  elevated,  are   now  depressed.     It   is    probable   that    ^ 
elasticity   of    these   ditlerent    organs   is   in    quiet    ex|)iration    enli*'*^ 
Bullicient  to  Imlauee  tbe  displacement   produced  in   quiet  inspim^* 
The  thorax  may,  uevertheless,  be  also  reduced  in  volume  to  a  gre**^^ 
degree  than  is  possible  by  the  means  already  describciL     The  «m»^ 
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hirh  by  tlmir  contraction  lead  to  t\  fleeivnse  in  the  thoracic  capacity^ 
iicl  which  thus  act  an  musfleH  of  <^x|>i ration ^  arc  mainly  the  muscles  of 
le  aixioiDcn.  When  the  abdominal  ninscleH  contract,  they  not  only 
n-\*i  to  still  further  force  the  abdominal  organs  up  into  the  thoracic 
ivity^  and  thus  lessen  its  vertical  diameter,  tnit  they  further  serve  to 
nil  down  the  sternum  and  the  middle  and  lower  ribs.  By  so  doing  they 
Plen  the  antero-poBterior  and  transverse  diameters  of  the  thorax.  The 
Itenial  intercostal  iDiiscles  also  probably  assist  in  producing  expiration 
f  depressing  the  ribs.  When  expiration  l>ecomeH  extremely  violent  all 
m  muscles  are  brought  into  play,  which,  through  their  contraction,  may 
ither  dei>ress  the  ribs,  press  on  the  abdominal  viscera,  or  otfer  fixed 
ipport  to  muscles  having  those  actions. 

The  movements  of  tlic  thorax  in  respiration  are  accompanied  by 
lovements  of  the  nostrils  and  glottis. 

In  inspiration  the  current  of  air  enters  through  the  nostrils,  and  not 
y  the  mouth,  and  by  exposure  to  the  vascular  mucous  membrane  of  the 


feL— The    Hum  ait    GLCiTTra    is    jl 
TLK  IJfSPlRAnOK,  AFTER  MANDL* 
.      iB-«picltttti  H«t«rior  w»||  at  Ow 

lift*!'  .  ^A.  ffnptrior  1 

I.  iufv :,     ,  glotUi, 


IfcJ 


Fio.   25L— Ti!E    Human    Glottls   is    a 

Fr^ReKU  INBFIBATION,  AFTER  MaNDL. 

h,  tip  (if  the  «])it1(iAtii !  jf,  jiharynjr'^l&rjiiiKed  poveh ; 
/,  (UiinfrHi! :    r*ip,  ■rrt«iu}H»pJ|;li>ttKi  Told! ;    nr,  ar.Ttoiiold 

(old;  rtt  flUit  vo<«}  oorda;  ri^  trme  vucolI  c^irdt. 


mA^\  passages  becomes  wanned  up  to  the  temjjerature  rd'  the  body.  At 
leh  inspiration  the  external  narcs  expaiid  by  the  contraction  of  their 
Uator  muselea;  this  movement  is  especially  marked  in  labored  breathing. 
lie  horse  is  incapable  of  breathing  through  the  mouth,  and  if  the  <lila- 
>i*8  of  the  nostrils  be  paralyzed,  as  by  section  of  the  facial  nerve, 
tphyxia  may  l>e  produced.     In  ex|>iratioii,  the  elasticity  of  the  carti- 

Bof  the  nostrils  is  suftieient  to  cause  these  parts  to  return  to  their 
position.  The  current  of  air  entering  through  tlie  nose  passes 
^^r  the  passive  soft  paiate  to  enter  the  larynx,  after  passing  through 
*e  pharynx.  At  each  inspiration  the  vocal  cords  are  separated  and  the 
wjttis  is  thus  widely  opened  (Figs.  250  and  251).  At  each  expiration 
•«  arytenoid  cartilages  approach  each  other,  so  approximating  the  vocal 
,  and  the  glottis  is  thus  narrowed. 
is*  The  Rhythm  of  Ri:sriuATioN. — The  movements  of  the  column  of  j 


RESPIEATIOlf. 


581 


I  respiration  in  tlie  smaller  iDamJuuls  maybe  recorded  by  connecting 
raeheii  by  means  of  a  tube  with  Marey*:*  tambour: — 

This  instrument  etmsmtH  of  a  cylindrical  box.  the  upper  Riirface  of  which  m  . 
n\  b3'  14  ttlieet  i*r  ruhbt^r  membrane,  llu^  interior  being  conin'cted  by  lubinf; 
Ihe  truchea,  and  n  lever  so  ndj lifted  to  tlie  rubber  rnembnine  ns  to  record 
civemcalt*  (Fi;?,  *irj2).  If  air  is  forced  into  this  box  It  will,  of  course,  produce 
lig  of  the  rubber  iiu^mbrane,  and  tbus  causifi  tin*  ascent  of  the  lever,  while, 
e  other  hand,  if  the  air  be  niretied  in  the  interior  of  the  box  the  nieiuhmne 
m  deprejMieti  jind  the  lever  def^centl.  By  allowing  such  a  lever  to  ree<»rd  itt« 
menis  tin  some  revolving  surface,  as,  for  example,  on  the  Bmoked  paper 
tvmograjdiiou,  if  the  interior  of  the  box  be  connected  witli  the  trjirhca  of  an 
J,  namely,  in  the  dog  or  rabbit,  a  curve  somewhat  similar  to  the  following 
m  produced  (Fig.  253), 

the  descents  in  thift  curve  reprcscTit  the  inspirations,  the  ascents  the 
Wtioiis.  It  is  seeit  that  the  curve  of  inspiration  bepjiuB  suddenly 
iflvances  rapidly,  ami  is  then  succeeded  by  an  expiratory  movement, 
I  ftt  first  is  more  rapid  than  inspiration,  but  gnuiually  t>ecomes 
(r.  No  pause  is  present  between  the  end  of  inspiration  and  the 
ling  of  expimtion,  but  a  short  pause  is  noted  at  the  end  of  expi- 


Fia.  3SS.*TRAeiKO  of  THouACir  REMPiRATtuiY  MovKMKNTS.    (Foater^l 

<Trt  >*  r«*d  from  left  l»>  rifht.) 
l«Rilf«lory  pluuNi  \»  ei>inhr1**Hi  b«tw«eii  «  »i)>J  n,  1n«n^'^'^°^  «>t«iitltn|r  fKnn  n  to  ft,  and!  tx- 
ftratioa  fronn  h  Ui  <j,     The  vittiluUttont  nt  r  ar«  catisv^l  b;^  tha  hettrt'if  tHMita. 

I,  tlie  undulations  in  the  curve  at  this  point  lieing  caused  by  the 
t's  beats. 

jThe  duration  of  insjuration  is,  as  a  rule,  shorter  than  expiration,  the 
prtion  being  from  ten  to  fourteen,  although  this  is  not  invariable. 
|)ause  which  is  noted  at  the  end  of  expiration  will  average  in  dura- 
about  one-flftb  to  one-third  tlte  time  occupied  by  the  entire  respira- 
tnovenient. 

The  number  of  respirations  in  most  animals  may  be  placetl,  as  a 
as  one  respiratory  movement  to  four  pulsations  of  the  heart,  Kx- 
e  and  a  large  number  of  other  conditions  will  greatly  increase  the 
ber  of  respiratory  movements  by  increasing  the  amount  of  tissue 
ge,  and,  there  fore,  increasinjj  the  amount  of  carbon  dioxide  in  the 
i  whicli  has  to  l>c  eliminated  in  respiration. 

In  cattle  the  rate  of  resin  rati  on  is  higher  in  cows  than  in  hulls  or 
During  sleep  the  average  rate  in  the  cow  is  twenty-two  in  the 
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minute  ;  tliiiiu*r  ruiiiiuiition  it  vtirit^s  (Voin  tweuty-foiir  lo  tUlrty-six,  the 
position  appeal  ing  U>  bu  witliout  iiillueiice.  lu  Imlls  aiul  oxtMi  llie  raU 
of  respiration  uverni^es  twi^nty  iu  I  lie  niiuiite.  The  rr<M\ueut  uructalioii 
of  gu9  and  pauiNfs  ctiusetl  li)'  rntiiination  r tender  the  rbythtaof  respimlion 
more  irrejr^iliir  iti  rnniinjitit  than  in  other  imuumtils. 

Ill  tlie  liorse  the  intrmal  respiratory  moveiuenta  may  be  plicvd  at 
abuut  ten  in  a  mirvnti*;  after  cnily  the  slight  exercise  of  walking  \^^* 
build  red  yardy,  res  jji  rati  on  in  the  borsc  tuny  be  increased  to  t^f  ntynnglit 


./Mj 


A    nolt.MK    VVHlf,K    Al     RKMT   ANlt    AKTKK    MmVKMKXT.       (ThttnA 

■«V4*nil  iMkUiito*'  trnttiiiK  ami  ruitnini; ;  17,  rtttur  »  •lurrt  ni*t  Trtmt  tht^it^tt  ^mi  ruu    At   Ju^mt 
the  etjiiedrootit,     1 ->  bii»|<intli»ii     E  -  t^np^mliob  :  i  ~tiiu«  ia  itet«in.|»  '  * 


ill  tiie  minute,  while  idler  trotting  tive  minutes  the  n*A)iinitlatt»  «vrr 
fouiul  by  CoLin  to  tn;  tirty-iwo  to  tite  minute,  falling  to  forty  fuliie^W- 
lowing  tliree  minutes,  and  were  tifty-two,  tikewnse,  in  a  mttinU*  Jifter  H^^ 
niinutes'  jjnllf^p  (Fig,  254), 

In  all  animals  similar  tVirts  may  be  noticed.  Thus,  in  the  shet^jjtbf 
normal  rate  of  respinition  is  filleen  in  the  minute,  :ind  after  riiTinirt];  roi} 
be  raised  to  one  lumdred  or  one  hundred  and  forty  in   the  iniuuU';  flf 
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the  rate  of  respiration  is  very  much  more  raiiid,  being  one  huoitre^ 
wLxty  ia  the  beetle,  and  in  sonie  other  insects  as  liigh  as  two  hum" 
and  forty. 

The  following  tabte^  which  is  taken  from  that  compiled  bj  Piinl  I 
repi'esents  the  numl>er  of  respiratory  movements  in  different  animal 


Tijufer. 
Limu 
Cat, 
Dog, 

Hahbit* 

Rat. 

Condi  If, 
Canary, 


0  in  ihe  minme. 

U  •* 

15  - 

m-t!S  " 

55  '*  " 

I  310  llWllkl^ 
(  33*1  DXciTrd. 

6  in  the  minute, 

{I  tn  I  hi!  water. 
10  mil  <>f  water. 
10-12  in  the  miautfi«  J 

1(*    - 


The  rate  of  respiration  varies  also  according  to  tlie  ng^  of  differ 
animals.     This  in  diown  in  the  following  tables : — 

Newborn  infant 44  in*t  miaiild. 

5rt*arft .        .        ,  ^        '' 

I5to«0, ,         ,  »        " 

'mU}%\ m.7     ** 

25  tiJ  m> ,  10        *^ 

.Wto5f>.        .         ,         , 18,1      '* 

In  the  foal 10  to  12 

Adult  horse 9  to  20        " 

Young  ox 18  to  20 

Adult  ox 15  to  18 

Lamb 16  to  17 

Sheep, 13  to  16 

Puppy 18  to  20 

Dog 15  to  18 

It  is  thus  seen  that  young  animals,  as  a  rule,  respire  more  frequeot 
in  the  minute  than  adult  animals;  so,  also,  small  animals  breathe  &>t 
than  large  animals.  Thus,  the  giratfe,  camel,  horse,  rhinoceros,* 
hippopotamus  breathe  about  ten  times  in  the  minute;  the  Ibuni  tf 
deer,  sixteen  to  twent}^  times  a  minute  ;  the  whale,  four  to  five  times 
minute;  the  guinea-pig,  thirty-five  times  a  minute;  the  larger  bW 
twent}'  to  tliirty  times,  and  the  smaller  birds,  thirt}'  to  fifty  tine* 
minute. 

As  already    described,  the    respiratory   movements  may  v»^ 
intensit}'.     In  other  words,  inspiration  and  expiration  may  be  eitk 
shallow  or  deep.     It  is  self-evident  that  the  quantity  of  air  taken i»> 
a  deep   inspiration   and    expelled  from  the  lungs  in  forced  expire 
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I  be  greater  tlian  the  volume  of  air  displaced  in  gentle  res^ipiration; 
I  and,  of  eoiirne,  the  deeper  the  inspiration  or  the  more  forced  the  expira- 
tion the  more  air  will  be  displaced.     There  is  a  limit  present  in  hoUi 
casee  l*e3'ond  which  the  quantity  of  inspired  and  expired  air  cannot  be 
iucressed.     In  the  case  of  the  domestic  animals  it  has  not  as  yet  been 
istablished  what  is  the  average  fpumtity  of  air  disjilaced  in  respiration, 
bet  that  it  dejiends  npon  the  *;ize  of  the  animal  find  the  size  and  mode 
of  structure  of  the  thorax  is  self-evident.     From  the  few  ex|H*riments 
wbtch  have  been  made  on  this  suliject  it  may  be  assumed  that  in  a  rpuet 
re^'piration  about  one-sixth  of  the  totnl  tpnuitity  of  air  capable  of  being 
contained  within  the  kings  is  displaced.     It  would  follow  from  this  that 
every  six  or  seven  respiratory  movenvents  would  serve  to  completely 
renew  the  air  within  the  luugs.     In  njan,  the  volume  of  air  changed  in 
Lflitferent  res}jinitory  movements  has  been  subjected  to  close  study.     It 
was  fomid  that  in  an  ordinary  respiratory  etfort  about  thirty  cubic  inches 
of  air  enter  the  lungs.     With  this  accepted  as  a  fact,  and  placing  the 
average  number  of  resjiiratory  movements  at  twenty  in  a  minute,  the 
wbole  amount  of  air  passing  through  the  lungs  in  a  minute  will  amount 
to  six  hundred  cuinc  inches ;  in  an  hour,  to  thirty-six  thousand  cubic 
inches;  and  in  a  da^',  to  eight  hundred  and  sixty-four  thousand  cubic 
hifhes,  or   five   huudretl   cubic    feet.       Extending    these    periods,   one 
htindred  and  eighty-two  thousand  five  hundred  cubic  feet  of  air  may  be 
estimated  to  pass  through  the  lungs  of  an  adult  nmu  in  a  year,  and  to 
protiuce   this    displaceineut     nine    million    respiratory    movements  ,  are 
required.      This  quantity  of  air  is  employed  in  the  aeration  of  about 
tbree  thousand  five  hundred  tons  of  blood  sent  out  by  the  heart  to  the 
Iniig^  in  the  same  period.     With  these  facts  before  us,  we  may  obtain 
Valuable  auggestions  npon  the  sul>jeet  of  ventilation.      Though  about 
five  hundred  cubic  feet  of  air  passes  through  the  lungs  in  twenty-four 
hours»  yet  this  amount  tif  atmos|>here  is  insutticient  to  sustain  life  for 
tbt  jieriod,  for  after  the  introduction  of   carlmn  dioxide  into  the  air 
tW  lilienition  cif  gases  in  the  lungs  is  to  a  certain  degree  rendered  more 
'difficult.     There  must  l>e  at  least  five  hundred  cubic  feet  of  pure  air  sup- 
plied, and  it  has  l>eeu   found  tlmt  to  attain  this  at  least  eight  hundred 
^<^iibie  feet  of  air  should  l>e  provided  for  each  individual. 

The  amount  of  air  taken  into  the  lungs  at  each  gentle  inspiration 
^nd  disphiced  by  the  reverse  movement  constitutes  the  so-called  pressure 
^r  tidal  volume,  and  has  been  placed  at  about  thirty  cubic  inches  in  man. 
At  the  end  of  every  gentle  inspiratory  effort  the  lungs  may  lye  capable  of 
®till  further  inflation,  and  the  adclitional  ciuantity  of  air  so  inspired 
^tummts  to  about  one  liundred  and  ten  cubic  inches  (compleraental 
►'olume).  At  the  end  of  every  gentle  expiratory  effort  the  lungs  may  be 
till    further    compressed;    the    amount   of   air   so   displaced   by   tbiv 
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additional  effort  m  terme<l  thc^  reserve  volume,  and  also  amounts  to  aboal 
one  hundred  and  ten  eiibio   inches.     After  a  forced  explniiion  iht^re  k 

still  a  certain  amount  of  air  which  cannot  |>ossibly  be  forced  out  «f  tlie 
kings;  thie  constitutes  what  h  termed  the  residual  volume,  and  %lm 
equals  about  one  hundred  and  ten  tnibic  inches. 

The  vital   capacity  votume   m  the  amount   of  air  which   umn  la 
capable  of  expiring  by  the  greatest  expiratory  effort  after  the  j^ri^aUaH 
inspimtory  effort.     It  includes^  the  compleniental  volume,  the  brtJilUin^ 
volume,  and  the  reserve  volume,  and  is,  therefore,  the  amount  of  nir 
wliicii    may  be  displaced   in   respiration.     It   has   been    shown  by  Dr 
Hutchinson  that   tliis   volume   bears   a   relation  to  the  height  of  tin* 
individual,  which  is  especially  remarkable  when  we  recollect  that  the 
height  of  individuals  dej>ends  upon  the  length  of  the  legm,  and  not  a)xn» 
the  trunk,  the  same   persons  who   may  vary   greatly  in    height  while 
standing  exhibiting  but  slight  difference  in  height  when  sitting.    Il  b 
cnrious,  also»  to  observe  that  the  vital  capacity  does  not  dep^ml  trpon 
the  capacity  of  the  chest  eo  much  as  upon  the  degree  of  mobility.  Thm, 
a  man  of  greater  girth  may  have  less  amount  of  vital  capacity  tbn 
another  with  less  girth  but  greater  mobilitv*^  of  the  walls  of  the  cbe*t 
Mr,  Hutchinson  hasi  eoustrnctetl  an  in*jtrument  for  measuring  this  \M 
capacity  volume.     It  cousista  of  a  l>ell-jar  so  mountetl  as  to  bt*  midlK 
displaced  by  the  power  which  is  exerted  by  the  air  in  pas^^ing  fmrotiie 
mouth  and  air-ijassajarcs.     With  the  interior  of  the  bell-jar  conmnmi^at*" 
a  tul>e  and  attached  nn^uth-])iece.     The  person  to  be  expert  meuted  npm 
takes  a  flcep  hispiration,  and  then  breathes  out  by  the  tube  by  a  forwi 
expii-atiun,  which  causes  the  bell-jnr  to  rise^  and  the  number  of  i  (iiy 
inches  thrown  out  is  measured  l>y  a  graduated  scale,  suitably  plati?el  tu 
indicate  the  rise  and  fall  of  the  bell-jar.     As  a  result  of  these  t*i[>eri- 
ment?ii  it  was  found  that  every  inch  added  to  the  height  of  an  indiyiiloil 
itn-reascs  aliout  cij^ht  cubic  inches  the  vital  capacity^    This  ap|iearswpofl 
examination  of  the  following  table: — 


Height. 

Vital 

C^^HtT^ 

5  feet  ft 

inHiea  lo  5  ft-et  1 

rnch»  . 

.     174  cubic  iaehe*. 

5    -     1 

int'h 

5    -     2 

inches. 

,    im 

5    ''    2 

uche^  ' 

5    -     H 

.     190 

n  -    3 

it 

5    ■'     4 

.     Itl8 

5    "    4 

5    -    5 

.   wm 

n  *'    5 

'■ 

5    '■     fl 

,     314 

5  "    n 

*' 

5    "     7 

.     222 

5    -     7 

'■ 

5    -     8 

.  .     230 

5-8 

*' 

5    -    ft 

,     2S8 

5    -     9 

.. 

.    5       ..     ^Q 

.     246 

5   **  10 

" 

5    -  11 

.     254 

5    -  11 

M 

*  5    -  12 

.     263 

The  age  has  a  marked  effect  upon  the  vital  ca[3acity  vohiiaf :  ^ 
TOlnmc  increases  from  15  to  BO,  remains  about  stationary  from  40  W  i^t 
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ftDove  this  agedimiiiiwlies.  In  females  it  is  iiboiit  half  that  of  males, 
lugli  it  may  amount  to  almost  as  miiclL  Weight  also  exerts  a  great 
ence.  It  has  been  nhown  that  there  is  an  average  weight  to  every 
age  heiglit.  If  the  weight  increase  above  this  amount  by  7  per 
?,  the  vital  capacity  decreases  one  cubic  inch  for  every  pound  for 
lext  thirty-five  pounds  above  tbin  weight.  For  every  pound  thus 
edf  an  ineh  of  vital  capacity  volume  is  lost  for  the  next  thirty -five 
ids. 

4.  The  Chemical  Phexomena  in  REmnBATioN. — The  phenomena  in 
iration  so  far  studied  have  Iveen  purel>^  mechanical  in  natiirc,  and 
s  had  for  their  o1»jeet  simply  the  introdoetion  of  air  into  the  lungs 
oxidiziui^  the  bloody  anti  for  expelling  tiir  from  the  lungs  after  its 
ct  ban  liueu  served. 

We  have  now  to  study  tlie  chemical  clianges  whieh  occur  in  rcspira- 
.  We  find  ihat  these  are  of  twt*  kiutls, — the  respiratory  changes 
irring  in  tiie  air  in  the  lungs  and  the  respiratory  changes  oceur/nng 
lie  blood. 

The  atmosjibere  consists  of  a  nice  ban  ical  luixture  of  oxygen  and 
ogen  iu  the  proportion  of  about  twenty -one  of  the  tbrnier  to  seven  ty- 
*  of  the  latter.  Watery  vapor  is  usually  i>resent  in  small  but  variable 
Mmt,  while  carbon  dioxide  is  present  in  extrenudy  small  quantity, 
ying  from  alx»ui  0.03  to  0.05  per  cent.  During  inspiration  a  certain 
Jltity  of  this  gaseous  mixture,  \n  nuni  about  thirty  cubic  inchea  in 
>UUt,  is  dmwn  into  the  trachea  and  ujiper  air-passages.  These  air- 
sages,  a.s  well  as  the  more  dee[>ly  located  portions  of  the  lungs,  are 
auiy  occupietl  by  a  gaseous  mixture,  in  which  tliese  gases  are  present 
ItfFerent  proportions.  It  has  been  found  that  exi>iratiou  immediately 
ciws  ins|iiration  wdtbout  any  pause,  and  a  certain  amount  of  this 
)ired  air  is,  consequently,  at  once  again  expelled.  It  has  been  caleu- 
d  that  about  two-thirds  which  remain  atler  expiration  at  once 
miences  to  mix  by  diffusion  with  the  air  already  in  Ibe  lungs.  It  has 
1  founrl  tliat  when  gases  are  placed  in  contact  witli  each  other  at  the 
e  temperature  and  pressure  they  mix  rapidly,  until  the  one  gas  is 
brmly  diffused  throughout  the  other.  It  has  been  stated  in  a 
rious    section   that   this  diffusion   is    independent  of  gravity,  lint  is 

fely  as  the  square  root  of  the  densities  of  the  gases.  Mixtures  of 
l>ehave  precisely  like  single  gases,  and  diffusion  w^ill  take  place 
I  one  gas  into  another,  precisely  as  if  into  a  vacuum. 
It  has  lieen  stated  that  the  object  of  respiration  was  to  supply 
fen  to  the  blood  and  to  remove  carbon  dioxide  from  it.  Without 
EiaBing,  at  present,  the  process  by  which  this  cbange  lakes  place,  it  is 
But  that  if  this  be  a  fiict  the  air  in  the  deepest  portions  of  the  lungs 
haye  lost  oxygen  to  the  blood  and  will  have  t^iken  up  carbon  dioxide- 


atmoi?]>bere  now  is  poorer  itt  oxygen  t!mn  the  external  alr,i| 
than  the  air  in  the  air-cellH,  and  diffusion,  therefore,  conlj 
di*ference  in  tensions  remains  oon*itiintt  tor  we  have  continil 
taken  in  in  inspiration,  ar*d  just  as  continually  the  removal  t 
from  the  air  in  the  lower  portions  of  the  lungs  and  the  ad(^ 
carhon  dioxide. 

The  changes  which  the  air  undergoes  in  respiratill 
nized  by  a  cotii  pari  son  of  the  composition  and  the  {ibysfj 
istica  of  the  expelled  air  as  contrasted  with  the  inspired  airJ 

The  temperature  of  the  expelled  air  is,  as  a  rule,  higher 
the  inspired  air,  from  the  fact  that  the  temperature  of  the  hi 
invariably  higher  than  that  of  the  surrounding  tnediuiu. 
air  18,  as  a  rule,  saturatetl  with  watery  vapor,  the  water  co^ 
from  the  blood  and  tbt*  mucous  membrane,  the  quantity  hell 
in  man  as  about  one  and  one-half  ijounds.  The  wat€ry  1 
expired  air  becomes  readily  perceptible  through  its  condend 
weather. 

Expired  air  contains,  further,  numerous  organic  subfiti 
from  the  blood,  resulting  |*artly  from  the  decomposition  ofj 
entering  into  the  composition  of  the  tissues,  and  [mrtly  i 
taken  into  the  blood  from  without  by  absorption.  Thus,  Tl 
such  as  turpentine,  are  excreted  by  the  pulmonary  miicoul 
readily  revealing  this  in  tlie  odor  of  the  exi»ired  air.  Amffl 
contained  in  small  amount  in  the  air  leaving  the  lungs,  the  fli 
off  in  ordinary  respiration  in  twenty -four  hours  being  esdeulj 
per  cent.  The  presence  of  organic  matter  in  the  expire^ 
readily  proved  by  breathing  into  a  vessel,  stopping  it  tightly  J 

it.  tn  Mlnnfl  n.  («bnrt  liriiA  *    ilui  oilnr  nT  iiiiirpra#klLi#wk  vrilt  ^iAVAlnJ 
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nature,  and  find  their  way  into  tbe  expired  air,  are  probably  of  a  poisonous 
nature.  For  it  has  been  found  that  expired  air  is  much  more  poisonous 
to  animal  life  than  air  whieli  bus  not  passed  through  the  lungs  of  an 
animal,  liut  which  contains  the  same  amount  of  carbon  dioxide  and  tbe 
same  degree  of  decrease  of  oxygen.  It  is,  therefore,  probable  that  these 
organic  substances  which  are  removed  from  the  lungs  are  poisonous^ 
f»tbcr  than  the  carbon  dioxide  which  accorajmnies  them. 

The  air  which  passes  through  the  lungs  actually  decreases  in  volume 
about  one-fortieth  or  one-fiftieth  of  the  amount  taken  in  in  in8|>»ration, 
this  falling  olf  lieing  probably  due  to  the  fact  that  all  the  oxygen  inspired 
does  not  reappear  as  carbon  dioxide,  but  enters  into  other  compositions 
in  the  body. 

The  most  striking  contrast  between  expired  and  inspired  air  is  in 
tbe  relative  proportions  of  oxygen  and  carbon  dioxide,  while  tlje  nitrogen 
undergoes  bat  little  change.     The  following  represents  this  change:^ — 


Inspired  air  contains 
Expired    *'         ** 


Oxygen,    ?fitrog:en,  t'arbon  Dioxide. 
20;81  7»jr>  .04 

lilQn        71K557  4.380 


Tbe  expireil  air,  therefore,  contains  from  4  to  5  [)er  cent*  less 
oiygen  and  4  to  5  per  cent,  more  carbon  dioxide  than  tbe  inspired 
air.  Taking  thirty  cubic  inches  as  the  amount  of  air  taken  in  in  each 
piration  iu  man^  this  will  represent  about  one  and  one-half  cuV>ic 
ftches  of  oxygen.  Supposing  five  hundred  cubic  feet  to  be  taken  in  per 
iiu,  the  oxygen  absorbed  wouhl  amount  to  twenty -three  cubic  feet,  or 
and  one-third  pounds,  avoiniupois,  oxygen.  Tbe  amount  of  oxygen 
ies  according  to  ilitfcrcnt  circumstances, 

Tlie  following  eonelusions  give  »t  a  glance  some  principal  sources 
variations.     They  will  Ixs  studied  more  in  detail  under  the  subject  of 
utrition : — 

A  man  in  repose  and  fasting,  with  an  external  temperature  of  90^  F.^ 
nstunes  1 465  cubic  inches  of  oxygen  per  hour. 

A  man  in  repose,  fasting,  with  an  external  temperature  of  59^  F,, 
nsumes  1627  cubic  inches  of  oxygen  per  hour. 

A  man  during  digestion  consumes  2300  cubic  inches  of  oxygen  per 
*Oiir. 

A  man,  fasting,  while  he  accomplishes  the  labor  necessary  to  raise  in 
^'tf^n  minutes  a  weight  of  seven  thousand  three  hundred  and  forty -three 
^Uos  to  the  height  of  six  hundred  and  fifty-aix  feet,  consumes  3814 
^^bic  inches  of  oxygen  per  boun 

A  man,  during  digestion,  accomplishing  the  labor  necessary  to  raise 
fifteen  minutes  a  weight  of  seven  thousand  three  hundred  and  forty 
tee  kilos  to  tbe  height  of  seven  hundred  feet^  cousuraes  5568  cubic 
•^'^lies  of  oxygen  per  houn 
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As  already  mentioned,  the  quantity  of  oxygen  taken  in  nt  mil 
insiiiratiori  does  not  all  appear  as  oarbonie  acid ;  a  certain  quantilT  of 
tUe  oxygen  disappears,  varyiiija;  witli  tbe  nature  of  the  Ibod 

If  a  dog  be  fed  njjon  animal  food,  only  75  per  cent,  of  the  oxvgtt 
of  inspirjition  ret ii run  in  t!ie  form  of  earboTi  dioxide.  If  it  be  ftni  on 
vegetablti  food,  90  to  95  per  cent.  rt*turns  in  the  carbonic  acid. 

There  ia  no  absohite  relation  between  the  amount  of  oxygen  inspired 
and  the  carbon  dioxide  exi>ij*e(U  but  a  certain  amount  of  oxygen  always 
remain?!  behind,  the  Hurpkis  i|uantity  going  to  oxidize  certain  mflt«?fiak 
Buch  as  sulphur,  phosjihorua,  and,  perhaps,  certain  food-coufttitnenti 

The  expired  air  also  contains  a  notable  quantity  of  carbon  dioxid*, 
amontitiug  to  about  4  per  rent. 

If  we  take  thirty  cubic  inches  as  the  volume  of  each  expiration, the 
average  of  carbon  dioxide  in  each  will  be  L2i^,  or  about  twenty-thw 
cubic  inches  per  minute,  about  one  thousand  three  hundred  and  nineir- 
three  per  hour,  or  twenty -seven  tbousatid  ci^fht  hundred  and  sixly-A>w 
cubic  inches  per  day,  or  what  la  equivalent  to  about  seven  and  one-hilf 
ounces  of  solid  carbon. 

The  (juantity  of  carbon  ili oxide  thrown  off  by  tlie  hmgs  is  nouWj 
diminished  liy  the  presence  of  a  ceitairi  lunonnt  of  carbon  dioxide  intbe 
atmosphere  we  breathe. 

To  throw  off  the  full  amount,  the  surrounding  atmosphere  mn^l  h' 
devoid  of  this  gas.  If  we  breathe  the  same  air  over  and  over  again, »o 
as  to  permit  the  accumulation  of  carbon  dioxide,  the  difference  in  tension 
between  the  amount  of  carbon  dioxide  in  the  inspired  air  and  the  air  ifi 
the  lungs  will  be  decreased,  and  ditlnsion  interfered  with. 

It  has  been  found  that  if  5  per  cent,  of  carbon  dioxide  be  allowed  to 
remain  in  the  air  we  breathe  a  fatal  result  ensues  in  consequence  of  t!« 
dilliculty  of  eli  mination  of  the  carbon  d iox ide  from  the  blood.  Even  wkn 
carbon  dioxide  accumulates  in  the  air  below  2^  per  cent,  it  soon  begin* 
to  produce  depressing  intlucnces,  and  this,  together  with  the  accumota^ 
tion  of  other  deleterious  matters  which  are  normally  thrown  ofl'  from  il» 
lungs,  is  the  common  cause  of  the  languor  which  comes  on  in  crowd 
rooms.  When  gradually  subjected  to  these  influences  we  do  not  app 
ciate  them  so  much  as  when  suddenly  subjected  to  them^  for  when  ^m^ 
nally  brought  unth^r  their  in  fin  en  ce  the  vital  jjowers  liecorae  depi 
to  such  a  degree  that  they  do  not  require  the  same  amount  of  oxygen 
under  ordinary*  circumstances,  A  person  passing  from  the  open  air  to 
room  which  has  been  occupied  for  some  time  by  a  large  number  of  pe 
sons  at  once  experiences  a  depression,  but  after  remaining  there  a  littl 
while  the  vital  powers  become  similarly  dcpresse<l  and  the  inconvenieai 
rsanlting  from  the  presence  of  carbon  dioxide  in  the  alntosphere 
longer  appreciated. 
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An  cxperiTnent  first  performed  hy  Bernnrd,  showing  how  an  iiicli- 
ridual  may  become  accustomed  to  bad  air^  fully  eoiifirDis  this  statement. 
He  placed  under  a  bell-jar  a  living  sparrow,  and,  having  allowed  it  to 
remain  there  for  a  certiiin  period,  he  removed  it  but  sUghtl}^  influenced 
by  the  aceuinolated  carbon  dioxide:  without  replenishing  the  air,  lie 
placed  a  second  sparrow,  which  had  been  breathing  pure  air,  under  the 
l>ell-jar,  and  death  rapidly  cjmued.  He  then  replaced  the  first  sparrow 
in  the  f^anie  air,  and  it  also  died. 

The  intluence  of  age  in  varying  the  quantity  of  carbon  dioxide  in  the 
expired  air  is  very  striking.  It  has  been  shown  that  there  is  a  notable 
increase  in  the  quantity  of  carbon  dioxide  exhaled  from  infancy  to 
puberty.  In  the  male  this  quantity  corrtiuuea  to  increase  after  puberty 
until  the  age  of  thirty  ;  from  thirty  to  forty,  it  remains  alK>ut  stationary  ; 
at  forty,  it  begins  to  decrease  and  continues  decreasing  until  the  age  of 
«ixty,  when  but  little  more  carbon  dioxide  is  exhaled  than  hy  a  child  of 
iglit  years.     The  same  applies,  also,  to  the  female. 

Not  only  does  age,  but  time  of  day,  amount  of  exercise,  character 

i  food,  and   the   temperature    also   influence   the    qiiantity  of  carbon 

lioxide  exhaled.     More  carbon  dioxide  is  thrown  oti*  in  winter  than  in 

mer,  partly  l>ecause  more  food  is  consumed  in  winter,  arul  partly, 

I,  l»ecause  a  cubic  foot  of  atmosphere  contains  a  larger  quantit)'  of 

gen  in  winter  than  in  summer,  when  it  has  a  lower  density.     During 

eday  more  carbon  dioxide  is  thrown  off  than  at  night.     Alcohol  and 

other  articles  of  the  so-called  accessory  diet  dtminisb  the  (juautity  of  this 

gXH  removed  tbrougli  the  lungs,  probabl}-  l*y  diminislung  the  waste  of  the 

i^ues.     This  matter  will  be  again  referred  to  under  the  consideration 

f  nutrition. 

The  quantity  of  carbon  dioxide  eliminated  with  each  expiration  is 
iminished  after  rapidly  repeated  inspirations,  though  the  whole  quantity 
:liak%t  is  increased. 

The  Eespiratorif  Changes  vt  the  Blood, — As  has  been  already  iudi- 
ited,  the  main  points  of  contrast  l>etwe€n  the  aiterial  and  venous  blood 
insists,  in  the  former  in  the  presence  of  an  excess  of  oxygen,  tn  the 
_  tter  of  an  excess  of  carbon  dioxide,  while  as  the  venous  blood  circulates 
'trough  tlie  caiHllaries  of  the  lungs  it  largely  gives  up  its  carbon  dioxide 
^tld  absorbs  oxygen.  We  have  now  to  consider  the  way  in  which  the 
85^868  are  held  within  the  blood  and  the  manner  in  which  they  enter 
^Hd  leave  the  blood  in  the  pulmonary  nnd  systemic  capillaries,  and  to 
^'^ace  a  relationship  between  these  changes  in  the  blood  and  the  changes 
***  the  air  in  respiration. 

When  blood  is  exposed  to  a  vacuum  produced  by  a  mercurial  air- 
^Ump,  it  will  be  found  to  yield  about  sixty  volumes  of  gas  to  each  one 
"^^ndred   volumes   of  blood,  the   tempei^ature   l>eing   zero   C,  and  the 
^  Iriii 
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height  of  the  barometer  seven  huutliecl  ami  sixty  miUimetera.  If  the 
gas  so  eoUeeteti  he  amilyzed  it  will  lie  (binid  that  in  the  gaseous  mixture 
so  obtained  from  tlic  arterial  blooil  there  will  l>e  more  oxygen  than  caa 
be  obtsiined  from  the  venous  blood ;  while^  on  the  other  hand,  the  guies 
so  abstracted  from  the  venous  blood  will  contain  more  carbon  dioxide 
than  those  obtaine<l  from  the  arterial  blood.  Further,  it  raa}'  be  repeated 
that  if  venous  blood  l)e  agitated  with  air  or  with  oxygen,  it  will  at  onct 
assume  the  arterial  hue.  It  may,  tliurefore,  be  concluded  that  tbe  diller- 
enee  in  tlie  relative  amounts  of  these  gases  present  in  the  blood  eoDsti 
tutes  the  real  difference  l>etw*een  arterial  and  venous  blood*  and  all  olber 
di  tie  Fences  J  such  as  dilference  iu  color,  are  dependent  upon  this  fumbu 
mental  fact.  The  amount  of  gas  which  may  be  abstracted  from  blood 
has  been  placed  at  sixty  volumes  for  each  one  hundred  volumes  of  blood. 
The  following  table  represents  the  proportions  of  tbeae  gases  which 
may  be  obtained  from  one  hundred  volumes  of  arti^rial  and  %*enooi 
blood : — 

Oxy^n.  Carbon  Dioxide.  NftrofTPti, 

Arterial  bloody     .     20  voliiines.        36  volumes.  1  lo  2  valutaet. 

Venous  blood,      .     8  lo  13   '*  4tl         *'  1  to  3 

All  meaMired  al  760  millimeters  and  (PC. 

The  question  is  now'  raisetl  as  to  the  manner  in  which  these  px$ 
are  held  iu  the  blood.  In  the  cluipter  on  the  ditfuston  of  gases  it  ^u 
pointed  out  that  every  liquid  possesses  the  power  of  absorbing  gi5f*» 
and  that  the  co-el!icienfc  of  absorption  varies  with  the  nature  of  tk 
liquid »tlie  nature  of  the  gas^  pressure  of  the  gas,  and  tlie  teiaj^enitiirtt 
to  which  it  was  subjected.  Bloody  therefore,  like  every  other  liquid, 
possesses  the  power  of  absorbing  gases.  When,  however,  we  invAsiire 
the  quantity  of  oxygen  which  may  be  extracted  from  the  blood  k 
exposing  it  to  a  vacuum,  we  are  struck  by  the  fact  that  the  amoont  M 
removefl  is  greatly  in  excess  of  that  which  niny  be  held  in  solution  \a 
the  blood »  regarding  it  merel}*  as  a  fluid,  by  exiK)surc  to  a  p>^^>u' 
medium  in  which  the  oxygen  is  in  no  higher  tension  than  it  is  in  tk 
atmosphere. 

Again,  the  fact  is  worthy  of  notice  that  the  absorption  of  oxyi^ 
by  the  blood  and  its  release  from  the  blood  are  not  goveiDctl  t>J 
variations  of  pressure.  If  we  expose  blood  containing  little  oxy 
a  successive  series  of  atmospheres  in  which  the  oxygen  tension  gradi 
increases,  we  shall  find  that  at  first  there  is  a  very  rapid  absorj'ti'iTi  o' 
oxygen,  and  that  this  suddenly  ceases;  while  if  we  submit  blood  hiiW 
charged  with  oxygen  to  an  atmosphere  containing  decreasing  amotiDtirf 
oxygen,  we  shall  find  that  at  first  but  little  oxygen  will  diffuse  out 
the  blood  until  the  iiressure  has  been  reduced  almost  to  that  of  •  vk*«^1 
Oxygen  then  suddenly  almost  totally  escapes  from  the  blocKl,    Ap^^^ 


d    , 
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bsorbed  l»y  thu  Wuod.  The  filpsurpliuii,  tlR^ii,  of  oxy*r<?n  l\v  the  blood 
*  Hot  due  to  its  plasma.  If,  however,  a  solution  be  prepared  of  ha^iiif>- 
loinn,  or  the  coloring  matter  which  forms  f*0  per  cent,  of  the  dried  red 
Liscles^  and  it  be  exposed  to  oxygen,  it  will  be  found  capable  of 
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absorbinjT  nearh^  tlie  total  amount  wliit;h  may  be  absorl^ed  by  the  Houl 
It,  tberefore,  would  api)par  timt  oxyg't'ii  is  iibsorlx^d  V>y  the  UckmI  ibrouirh 
the  raefliutiou  of  the  red  coloring  matter.  The  general  chai-aclcrisUcs  of 
ba?mog]obiii  have  been  already  deseribeil  under  the  siibjeet  of  the  blood. 
They,  however,  deserve  more  espeeial  att^^ution  in  their  relationsliip  lo 
the  respiratory  riovctioiis  of  the  Uood, 

When  a  tolerably  dilute  sohition  of  Im^motrlobin,  which  posscswfs 
the  lir 5 ud it-red  r(»lor  of  arterial  lih>od,  is  placed  liefore  the  spinet roicopf, 
it  is  found  thsit  a  p*jrtion  of  the  red  end  of  the  Ppeetrurn  is  ahsorM, 
together  with  a  portion  of  the  bine  end,  while  two  absorption  h«in<U  ire 
fiHind  between  the  lines  l>  nnd  E ;  the  line  toward  the  red  i*ideof  ihe^jiw 
trum  is  the  narrowest,  bnt  is  Xha  most  distinet,  and  with  very  «lilute 
solutions  is  the  only  one  visible.  The  other  towan!  the  blue  »ide  is  mucti 
broader,  bnt  leas  distinet.  These  absorfition  bands  are  eharacteristic  of 
8o]utinns  of  hiemo<jh>bin.  When  stronger  solutions  of  hemoglobin  arc 
u^ed  the  Iinnds  lu'trnden  and  become  (huker,  while  more  and  more  ligliti« 
shut  out  from  eaeh  end  of  the  s])ectrum,  until  finally  the  two  IhimI* 
become  fused  together,  and  only  the  green  and  i*ed  rays  are  now  visible: 
with  still  stronger  solutions  the  re<l  rays  alone  pass,  and  finally  tlit?T 
also  may  disaj>pear,  thus  indicating  the  en  use  of  the  naturid  color  of 
solutions  of  hfemoglobin  in  transmitted  light  (Fig,  256). 

If  crystals  of  hicmoglobin  are  subjeett*il  lo  a  vacuum,  oxypL^niJ 
given  up  ancl  the  crystals  become  darker  and  more  td' a  [>urpk*  t-olor, 
The  quantity  of  oxygen  which  is  given  olf  la  a  iixod  quantity,  encli 
gramme  uX  luemoglobiu  giving  otf  LT6  cubic  centimeters  of  oxyg^'O* 
measured  at  a  pressure  of  seven  hundred  nud  s-ixty  millimeter?  Jind  Jit 
zero  temperature.  The  ha?inoghjbin  is  then  spoken  of  as  Tr<liKt<^ 
haemoglobin.  It  also  is  soluble  in  water  and  forms  a  (in r| dish  solution. 
When  examined  under  the  spectroscoi)e,  instc^ad  of  the  two  al^sorpli**' 
bands,  a  single,  less  distinct,  but  much  Itroader  Ijnnd  ia  futind.  wImj^ 
position  lies  about  midway  Ix'tween  that  of  the  two  absorption  Ijands  *^ 
the  unreduced  hjemnglobin. 

In  strong  solution,^  of  reduced  hipjnoglobin  less  of  the  bine  tJma 
the  reel  end  of  the  si>eetrnm  is  absorbed,  and  with  concentrated  soUitUii 
the  blue  rays  may  still  pass,  thus  accounting  for  the  ditTerence  in  coli 
lictween  the  arterial  and  venous  blood,  the  former  allowing  the  re<l  a 
orange-yellow  rays  to  pass,  the  latter  the  red  and  bluis!i-rrri.|>n  ntv 
hence  arterial  blooil  appears  scarlet,  venous  blood  pnrple. 

Tlie  oxygen  whiclj  is  removed  froTU  venous  Ii1o<m1  or  from  oxy 
globin  by  exposure  to  a  vacuum,  or  by  the  use  of  reducing ageuii^ 
the  oxygen  which  enters  into  the  molecular  constitution  of  ha'Uioglobi 
but  is  a  delluite  vobune  which  is  cajiable  of  entering  into  loose  cdieini^ 
combination  with  it. 
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If,  now,  such  a  solution  of  reduced  baemoglobin,  or  the  crystals  of 
iedueed  haemoglobin,  be  exposed  to  the  atmosphere,  they  then  again 
ilMorb  oxygen  and  now  change  to  a  reddish  color,  the  amount  of  oxygen 
ibsorbed  being  again  precisely  similar  to  that  which  was  given  otf  to  the 
"neuum. 

The  above  phenomena  serve  to  explain  what  occurs  in  the  process 
of  respiration.  As  the  venous  blood  leaves  the  right  ventricle,  its  haemo- 
globin has  already  largely  lost  its  ox^^gen  by  passing  through  the  s^s- 
temic  capillaries,  and  is  now  mainly  reduced  haemoglobin.  It  absorbs 
oxygen  from  the  atmosphei'e  through  the  walls  of  the  pulmonary  vesicles 
while  passing  through  the  pulmonary  capillaries,  and  now  becomes  oxy- 
temoglobin  and  is  now  arterial  blood. 

As  the  arterial  blood  passes  through  the  systemic  capillaries,  the 
oxygen  of  the  oxyhoemoglobin  is  largely  yielded  up  and  haemoglobin 
becomes  reduced. 

The  mode  in  which  the  carbon  dioxide  is  held  in  the  blood  does  not 
idmit  of  as  ready  demonstration  as  is  the  case  with  the  oxygen.  It  is, 
however,  clear  that  almost  the  total  amount  of  carbon  dioxide  whi(;h  may 
be  extracted  by  the  vacuum  pump  from  the  blood  is  held,  in  some  way  or 
other,  in  the  blood-serum,  for  almost  quite  as  much  of  this  gas  ma}-  be 
extracted  from  the  serum  as  from  the  blood  itself.  The  carbon  dioxide 
Unot,  however,  simpl}^  dissolved,  for  here  also  the  degree  of  absorption 
of  this  gas  by  the  blood  is  not  governed  by  the  same  laws  as  would  apply 
to  its  absorption  by  water. 

When  blood-serum  is  exposed  to  a  vacuum,  about  25  volumes  per 
cent,  of  this  gas  is  extracted,  and  this  amount  is  spoken  of  as  tlie  loose 
carbon  dioxide.  If,  now,  an  acid  be  added  to  the  serum, about  5  volumes 
percent,  more  are  released,  and  it  ma}'  therefore  be  concluded  that  this 
latter  amount  exists,  in  all  probability,  in  the  serum  in  the  form  of  car- 
l)oimtes,  and  probably  united  with  sodium. 

The  corpuscles  also  contain  about  5  volumes  per  cent,  of  carbon 
dioxide  ;  for,  if  the  corpuscles  separated  from  the  serum  be  exposed  to  a 
"^uura,  they  also  will  3'ield  this  amount  of  carbon  dioxide. 

If,  now,  corpuscles  and  serum,  from  both  of  which  gas  has  been 
separately  removed  by  pumping,  be  together  exposed  to  a  vacuum,  5  jHir 
'cent  again  of  carbon  dioxide  is  given  up,  from  which  it  would  appear 
that  the  corpuscles  in  this  experiment  play  the  r61e  of  an  acid  ;  and  it 
n»y  be  assumed  that  perhaps  the  haemoglobin  in  its  decomposition 
liberates  an  acid,  which  again  sets  free  the  combined  carbon  dioxide  from 
the  serum. 

It  is  not  by  any  means  established  as  to  in  what  manner  the  free 
<*rbon  dioxide  is  held  in  the  blood-serum.  A  certain  portion  of  it  is, 
^tliout  doubt,  held  in  solution  under  the  simple  laws  of  absorption  of 
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gases  by  liquids,  and  iiicreases  Tvith  the  gaseous  tension;  while,  on  the 
other  hiuifl,  a  lMrj>:er  amount  must  be  held  in  some  form  of  chemical  eonir 
binatiou,  since  likjod  is  etipubli*  of  absorbing  under  equal  pressures Dmcii 
move  carbon  dioxide  tlian  water. 

On  the  otlier  hand,  it  is  also  clefir  thiit  this  chemical  comhiBHttoB 
must  be  a  wry  loose  one,  stuec  it  is  broken  up  bj  exposure  to  a  vuguoid. 
It  ts  probable  that  part  of  this  carbon  dioxide  is  present  in  the  seruBu 
a  bicarbonate  of  sodium, ^ — a  eonibi nation  wliieh,  by  reduced  presf^urejs 
readily  broken  up  into  sodium  carbonate  and  free  carbon  dioxide.  It  is 
further  possible  that  another  part  of  this  carbon  dioxide  may  be  loosely 
combiued  witli  a  sodium  biphosphatc.^a  salt  wliich  is  likewise  prewnt 
in  I  he  blood -serum,  and  wldeh  has  been  shown  to  readily  combine  wilh 
carbon  dioxi<le.  It  is,  however,  to  be  noted  that  this  salt,  soditiui  hij^hos- 
phate,  is  solely  present  in  considerable  amounts  in  the  blood  of  camiirora 
and  omiiivora,  while  only  traces  of  it  arc  present  in  the  blorxl  of  bnr- 
bivora,  so  thnt  in  the  latter  this  combination  cannot  exist  It^inwrv 
case,  seems  evident  that  the  red  blood-corpuscles  in  some  wny  g^OTrm 
the  presence  of  this  p^as  in  the  serum. 

The  nitro^^en,  which  may  be  removed  from  the  blood  by  ex|>osuittrt 
a  vacuum  in  from  1  to  3  volumes  per  eent»,  is  without  doubt  simph 
held  in  solution  by  the  serum,  since  water  likewise  Is  capable  of  abeorb^ 
ing  this  gas  to  the  same  amonnt 

The  exchange  which  takes  place  between  these  gases  in  the  blood 
and  the  atmospheric  air  in  the  lungs  is  governed  almost  purely  by  tiie 
simple  physical  laws  of  gaseous  ditfusion.  As  alrea<iy  mentioned, tk 
air  within,  the  pubnouary  vesicles  ts  separated  from  the  blooil  in  liif 
capillaries  only  by  the  delicate  epithelial  walls  of  the  vesicles  and  tlif 
Ktructiiriless  walls  of  the  capillaries*  The  oxygen  of  the  blood,  •» 
already  indicated,  is  loosely  combined  with  the  Inemoglobin.  Wh^U  !*■ 
duced  hjcmoglobin  is  exposed  to  nn  atmosphere  of  oxygen  il  readily 
absorbs  that  gas,  provided  the  tension  of  the  oxygen  in  the  surroumlit*! 
medium  be  greater  than  the  tension  of  the  oxvgen  in  combination  t»^^ 
the  luemoglobin.  When,  therefore,  the  blood  from  the  pulmonary  art^ 
ies  reaches  the  capillaries  of  the  lungs  a  large  part  of  the  hiemoglol 
there  present  exists  in  the  form  of  reduced  ha-moglobin,  while  theatin^ 
phere  within  the  luduionary  alveoli  contains  oxygen,  perhaps  in  a  loH 
tension  tlian  in  the  atmosphere,  bnt  at  any  rate  in  a  higher  tension 
is  present  in  the  haemoglobin.  As  a  consequence,  diHusion  phcnomei 
set  in,  the  oxygen  passing  from  t!ie  inienor  of  the  alveoli  through  t' 
moist  walls  of  the  alveoli  and  blood-capillaries  into  the  interior  o 
the  latter  vessels,  and  there  combining  with  the  bfcmoglobin.  It  mi 
he  assumed  that  the  oxygen  tension  in  the  alveoli  of  the  lungs  Auiouni 
to  about  10  per  cent.     The  oxygen  tension  in  the  venous  bloml  wil 
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ns  a  rule,  amount  to  about  3  per  cent.  Tliis  difTerencc  in  prcssmre  is, 
Ihereture,  suHicient  to  explain  tJje  entrance  of  oxygen  from  llie  air  in 
the  pulmonary  alveoli  to  the  Hood  in  tlie  ptilmanary  capillaries.  The 
laws  of  absorption  of  oxyj^fH  by  the  blood-eorpiiscles  are,  while  partially 
dependent  upon  the  ditterenees  in  oxygen  tension  in  the  blood  and  \n  the 
cnptllaries,  not  solely  dependent  upon  them  ;  otherwise  an  increase  in  the 
oxygen  tension  in  the  atinosphere  won  hi  cause  a  proportionate  increase 
in  the  amount  of  oxygen  ab^orbetl^a  decrease  in  the  oxygen  tension  a 
diminntion  of  the  amount  of  this  gas  which  enters  in  the  blood.  This  is 
not,  however^  the  fact,  for  it  bas  been  detenu tned,  tis  already  stated,  that 
but  a  limited  quantity  of  oxygen  is  capable  of  couibining  with  luemo* 
globin.  If  the  oxygen  of  the  atmosphere  be  decreased  the  tension  of 
this  gas  in  the  lungs  will  also  be  decreased,  and,  therefore,  to  a  certaju 
extent  the  blood  will  be  iuHuHieiently  aerated  ;  this  will  pcrha[is  explain 
the  dyspna'a  which  is  «o  often  noted  in  ascending  to  great  heights,  as  to 
the  tops  of  mountains^  and  in  balloons. 

As  regards  the  escape  of  carbon  dioxide  from  the  blood  in  the  capil- 
laries of  the  pnlnionary  artery,  we  are  perlmp^  warranted  in  assundn^ 
that  they  are  governed  purely  by  the  laws  of  gaseous  tensions  ;  since 
we  may  assume  that  even  although  we  do  not  know  exactly  what  the 
tension  of  carbun  dioxide  in  the  [mlmonarv  alveoli  is,  and  althongh  it 
must  l>e  greater  than  that  in  the  expired  air,  it  is,  nevertheless,  less  than 
tbiit  of  the  venous  blood. 

The  tension  of  carbon  dioxide  in   the  air  of  the  alveoli   has  been 
laceii  at  twenty-seven  millimeters  of  mereiiry. 

The  tension  of  carbun  dioxide  in  the  blood  in  the  right  side  of  the 
rt  has  been  phiced  at  forty -one  millinicters  of  mercury,  or,  in  other 
'ords,  fourteen  millimeters  lughcr  than  tlie  tension  in  the  alveoli.  This 
fference  will,  in  all  probability,  be  suflicient  to  inaugurate  phenomena 
ditTusion, 
Thus,  in  passing  through  the  pnlraonary  eapillaries  the  venous  blood 
J^ielils  up  carbon  dioxide  and  absorbs  oxygen,  and  becomes  converted 
from  a  <lark-red  venous  blood  into  the  bright  red  arterial  blood. 

The  cliai-acteristics  of  arterial  blood  are  preserved  throughout  the 

entire  artenid  system  until  the  capillaries  are  reaehed,  and  when   the 

<^^|>ilhiries  have  been  traversed  we  tiiul  that  again  the  arterial  blood  loses 

*t«  characteristic  properties  and  now  becomeH  venous.    In  other  words,  in 

^he  cafiillaries  a  part  of  the  oxygen  disapj^ears  and  is  replaced  by  carbon 

^■fjxide.     In  the  tissues,  therefore,  a  process  takes  place  which  \^  exactly 

«  reverse  of  that  which  has  been  described  as  occurring  in  the  lungs. 

may  l>e  assumed  that  the  oxygen  leaves  the  blood  in  the  saiiie  manner 

it  enters  in  the  [udmonary  capillaries;  in  other  words,  in  the  tissues  it 

lines  exposed  to  a  surrounding  medium  whose  gaseous  tension  in 
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oxygen  is  less  than  tlmt  of  tlie  arterial  blood.  As  a  coD&eqoencef  tbt 
oxyiiipmoglobin  is  broken  up  and  yit^lds  a  large  part  of  its  oxygen  lothi 
tissues,  passing  tlirough  the  Wiiilt^  of  tlie  ciiiHllaries  by  ditfui^iiun.io  bt 
used  up  in  the  tissues  in  the  professes  of  oxUhition  whteh  are  then?  coo- 
tinually  taking  place.  One  of  the  principal  results  of  such  oxnlntioa 
processes  is  the  formation  of  carlxni  dioxide,  and  here,  again,  we  haivt 
plieiiomena  of  ditTusion  taking  place  l>etween  the  tissues  and  capillaricst 
In  the  tissues  the  gaseous  tension  of  carlKJU  dioxide  is  higher  than  lu  tlie 
capillaries,  and,  as  a  consctiuence,  by  ditf'usion  this  gas  leaves  the  tissucA 
to  t*nter  the  blood-serum.  This  process  of  gaseous  interchange  in  the 
systemic  capillaries  nmy,  thcreli>re,  be  8[*oken  of  as  internal  reft4)in4ltoii, 
and  varies  in  intensity  in  different  conditions  of  the  system.  Thu^  the 
interchange  is  more  rapid  and  extensive  in  muscles  during  eontmctioa 
than  in  muscles  at  rest.  It  is  more  active  in  secreting  glands  than  in 
quiescent  ghmds. 

As  to  the  Jsubaeqnent  Hite  of  the  oxygen  after  leaving  the  blomJ- 
vessels,  but  little  can  be  positively  said.     It  is  proliiible  that  proeesi*e^Qf 
oxidation  occur  in  the  tissues,  and  that  these  result  hi  the  fornuitioii  of 
carbon  dioxide,  but  it  does  not  ftjllow  that  the  oxygen  as  it  leaves  the 
blood  directly  unites  with  the  organic  tissuc-congtitnents,  and  is  lijns 
directly  returned  to  the  blood   as  carbon  dioxide;    for  we  know  tk&t 
various  tissues  removeil   from   the  liody  and  placed  in  an  atmospjitre 
entirely  devoid  of  oxygen  will  ntill  produce  carbon  dioxide.     It  i?*,  lliicn^ 
fore,  possible  that  tiie  oxygen  that  k^aves  the  bkmd-vossvls  is  stoi'ed  up 
in  some  combination  or  other  in  tiie  tissues,  and  is  then  drawn  U|K>n  ji* 
the  needs  of  the  tissues  demand,  finally  to  be  returned  to  the  blood  ns 
carbon  dioxide. 

5.  Tjik  Nervous  Mechanism  of  RESP!RATIO^i. — Although  the  mmdm 
of  respiration  are  red,  striped,  vohuitary  muscles,  and  although  tlirongli 
an  efibrt  of  will  the  rhythm,  nundier,  and  depth  of  the  resjiinitori' nIOV^ 
nients  mtiy  be  greatly  modi  tied  and  changed,  the  net  of  respij-ation  isWl* 
regarded  as  an  involuntary  action.  Although  the  breath  may  fortew^ 
tain  time  be  lieM  and  the  mo%*enicnt  of  resjumtion  completely  intemii>l<?4, 
alter  luit  a  very  short  interval,  i>roh:il)ly  uot  more  than  Wtwfen  twrtunt 
three  minutes,  in  spite  of  the  strongest  ettbrfof  the  will^an  inspiration  nui^t 
be  made.  The  fact  tliat  respiration  fiersists  in  the  absence  of  mtnti^ 
ctTort  points  further  to  the  fact  of  the  indejiendencc  of  re-^pinition  of  ti»^ 
will.  Thus,  during  sleep  and  in  states  of  unconsciousness,  in  vjiriou* 
diseases  and  as  an  effect  of  various  drugs,  respinition  may  l»e  |)effertl/ 
performetl.  So,  also,  in  the  lower  animals  the  brain  may  l»e  ex|H*sedi»' 
may  be  sx^^adually  removed  from  tlie  cerebrum  down  to  tlje  hast' of  ^^^ 
brain,  and  still  respiration  be  onalfected,  provided  loss  of  blood  of  *<>*■* 
other  accident  does  not  interfere  with  the  lower  |>oniuns  of  the  ccotB* 
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nervons  system.  It  lias  lieen  poititt'd  out  that  the  mechmiiciil  opiTiitions 
of  resiiiratioii  require  the  asHoeiatt-d  ai-tion  of  a  large  iinurlK'r  ofdirtereut 
muscleSf  diflerent  in  fiinetioti  ajul  iii  luculit)'.  Il  has  hefii  mentifMied 
that  during  re)^piratiou  musi'iilar  muvemeiits  occur  in  the  lace,  iieck» 
tlionix,  atitl  abiloaieu,  auil  it  is  Ibimil  that  tbe  character  of  the  contrac- 
tiuli  of  these  muscles  is  the  same  in  each  group,  Tlnis,  in  gentle  ins^n- 
ration  we  nf»tice  a  gen  Lie  contraction  of  Ibe  ditiphnigin,  of  the  scalene 
mujicles,  the  external  iatercostiils,  ami  the  elevators  of  the  rihs.  In 
gentle  expiration  we  notice  but  a  gentle  contraction  of  I  he  abdominal 
ton!^e]es.  The  degree  of  contraction  of  each  of  tliese  nuiscles  in  Hijch  a 
respiratory  movement  in  identical.  When  any  one  mnscle  or  ^a-fUip  of 
mu^elas  is  the  seat  of  an  especial ly  violent  contraction,  the  normal 
rliytlini  of  res[iiration  is  (lc[>arteil  froin.  Again,  in  forced  ex]>irnti(n»  the 
fianie  slate  of  aliiiirs*  holds;  the  degree  of  einilraction  of  each  ninsele  is 
proportionate  to  tlnit  of  all  the  other  umscles  concerned  in  prtnlucing 
the  respiratory  movement.  Tiiese  fwcts  indicate,  as  in  the  cnse  of  other 
com|ilex  as.socinted  musenlar  inoveincnt?^,  the  domination  of  some  piirt 
of  tlie  central  nervous  system.  Jn  the  case  of  res}>i ration  such  a  state 
of  atfairt^  will  also  be  noted.  In  other  woids,  the  niovementi*  of  respira- 
tion are  controlled  by  a  sirtgle  eo-ordinating  tH?ntre.  located  in  the  me- 
dcdla  oldongata.  The  proof  of  this  statement  may  Ik?  reached  in  tjuile  a 
number  of  wa\'B. 

If  one  of  the  phrenic  nerves  is  divided,  the  correspomllng  half  of  the 
dia|diragm  is  jiaralyzed,  and,  although  motions  of  inHjiiration  still  itre 
jKissible,  it  will  be  noticed  thsit  the  excursions  td*  the  non-paralyzed  half 
<if  the  diaphragm  will  be  greater  than  when  the  jjhrenic  nerve  Ims  not 
been  cut,  jtnd  that  the  share  in  inspiration  borne  liy  tlie  other  res]nratory 
muscdes  will  be  more  niarked  than  is  nornniH}^  the  case< 

Section  of  both  phrenic  nerves  emphasizes  this  point  still  further  ^ 
the  diaphragm  is  then  completely  |«aralyzed,  but  ins  pi  nation  is  accom- 
plished solely  by  the  muscles  which  clcvnte  the  ribs. 

Again,  if  one  or  more  of  the  intercostal  nerves  be  divided  tlie  mns- 
rles  supplied  by  those  nerves  will  lie  |)aralyzed,  and  the  act  of  inspira- 
an  will  then  be  produced  by  calling  in  thcai^lof  an  increased  degree  of 
antraction  of  other  inspiratory  muscles. 

If  the  spinal  cord  l»e  divided  lieloiv  the  level  of  the  seventh  cervical 
enre^  consequently  l>elow  the  origin  of  the  phrenic  nerves,  all  thoracic 
and  fllKlominal  movement  will  eeiise,  but  respiration  will  still  be  possible, 
and  inspiration  will  be  accomplished  solely  by  the  coji traction  of  the 
-fiiftphragra,  while  expiration  will  be  dependent  entirely  upon  the  recoil 
the  elastic  tissue  of  the  Inngs  and  thornx.  In  this  state  of  alfairs  the 
tmsmission  of  impulses  to  the  muscles  of  respiration,  with  the  excej*- 
On  of  the  diaphragm,  has  been  interrupted.     The  thorax  will  then  he 
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quiescent ,  but  that  the  respiratory  centre,  whose  location  we  liaTt 
assiimecl  to  l>e  in  t!ic  metliiUa,  is  still  seiuliiig  out  its  motor  impulRs 
is  evidenwil  hy  the  ineroused  movetncutft  of  the  nostrils  and  glottic  If, 
now,  the  Infial  iiiid  kryiigeal  nerves  lw3  cut  this  movemeut  will  sd^ 
ceitse. 

These  facts  indicate  that  in  some  part  of  the  central  nervous  system 
arise  the  motor  imi>ulsos  which  are  conducted  to  the  nmsdes  of  re^pi- 
ration.  As  one  alter  the  other  of  the  jxaths  of  communication  Ix'twefn 
these  eentres  and  the  muscles  are  interrupted,  we  find  that  one  after  tbt 
other  these  muscles  become  psiral}  zed. 

It  lias  Ixjeii  fouuil,  as  ah-eadj^  mentioned,  that  the  bmin  may  bt 
removed  down  to  tlie  level  of  the  medulla  oblongata  and  8tiU  I'espimiicMi 
take  plaee,  thus  markini^  the  upper  limit  of  this  centre.     On  the  otlief 
hand,  the  spimd  cord  may  Ik?  divided  up  to  the  calamus  scriptoriiis,  jwhI 
through  the  movements  of  the  Hice  the  evidence  of  the  activity  of  tbe 
respii'atorj'  centre  may  still  lie  made  out.     The  respiratory  centre,  tbens 
fore,  lies  some  place  lx!twecu  these  two  points.     Its  exact  locality  hM> 
not  l>een  determined,  but  it  is  ckar  that  it  lies  in  the  floor  of  the  fotmii 
veutrieie,  somewhat  lower  down  than  the  vaso-motor  centre,  ntul  nearer 
the  tip  of  the  calamns  scriptorins.     When  this  locality  is  injtirc<l,  ji^  1>T 
puucturing  with  a  shari>-i>ointed  instrument,  all  respiratory  mmemeJiU 
at  once  eeas^e.    The  motions  of  the  heart  are,  also,  at  once  arrestee!  froJB 
a  simultaneous  irritation  of  the  cardio-inhibitory  centime.      This  fwiiit» 
therefore,  when    injured    causes    instantiuieoos    death,  and  wft»,  c(m^ 
quently,  termed  by  Flourens  the  vital  centre,  the  nccud  vital. 

The  action  of  this  centre  is  automatic  and  is  not  reflex^  thougt  il 
may  be  intlnenced  by  atlcrcnt  iminilses  coming  through  various  st*n*<>n 
nerves.  Thus,  for  cxami>le,  a  4lash  of  cold  water  on  the  skin  tmiHe** 
deep  inspiration  hy  exaltiug  the  action  of  this  centre  through  iht*  con- 
duction of  impulses  to  it  from  the  external  int^jgiiment. 

Again,  the  activity  of  the  rcs])iratory  centre  may  l>e  influenced  k 
itn[>ressions  coming  from  above.  Thus,  the  varions  eniotions^  whit'h  W 
l)e  rcgfu-ded  as  impulses  originating  in  the  cerebrum,  also,  are  c^i>»l»l 
modi  tying  its  activity.  The  resj>iratury  centre,  while  not  di*f>en( 
however,  upon  inipnlses  coming  through  atferent  nerves,  is  es(»€ciiJ|)r 
modified  in  activity  by  impulses  traveling  through  the  piietunoga»tiT< 
nerves;  and  though  the  ]nicumogastric  nerves  may  tie  reganlwi  »«  tJ^ 
princiiud  paths  of  conduction  of  allcrent  impulses,  modifying  the actlritv 
of  the  respiratory  centres,  their  integrity  is  not  essential  for  tlie  msii> 
fe^^tation  of  tiie  ]>eculiar  action  of  this  ganglionic  centre.  Thisfliciti 
demon^^t rated  hy  the  modifications  produced  in  respiration  by  section  o( 
these  nerves. 

If  one  pneumogastrte  nerve  be  cut  respiration  becomes  sloiccrtci 
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deei>er,  while  the  pauses  between  the  respimtory  moveraenta  are  more 
prolonged.  If  both  pneumo^astric  nerves  are  divided  the  rcspimtious 
still  further  slawed,  the  pjnises  are  prolonged,  and  each  ref^piratory 
Dveraent  is  dt^ejier  thjin  norniaL  If  the  quantity  of  air  displaced  in  any 
given  numl>er  of  respimtory  movements  lie  fore  and  after  section  of  these 
nerves  be  estimated,  it  will  be  fonnd  to  be  almost  unchanged  ;  in  other 
wonl§,  the  increased  depth  of  the  respiratory  movements  alter  section  of 
tlif  pueiimogastrie  compensates  for  their  dccreaBe  in  frerpiene^ .  The 
aiuouat  of  carbon  dioxide  exhaled  and  oxygen  absorbed  from  the  ptil- 
inoDjiry  surfaces,  therefore,  remains  unchanired. 

If  after  section  of  the  pnenmogastrics  the  central  end  of  one  of  the 
dirif^eii  nerves  be  irritated,  the  rapidity  of  respiration 
▼ill  lie  increased.     By  carefully  padnatiiig  the  strentith 
of  stimulation  tlie  nnrnial  riiytlim  of  respiration  may  be 
asrain  almost  exactly  restored.      If  the   irritation    be 
graibmUy  increased,  the  movements  of  respiration  will 
incrwise  in   vitror  until,  flnnlly,  they 
will  apparently   mn   into  eaeli  other, 
and  resptmtion  will  then  Ih*  arrested 
with  the  diajdiragm  in  a  condition  of 
tetanic    contraction »      Respiration    is 
thus  stopiK'd  in  the  phase  of  extreme 
inspiration. 

If  the  central  end  of  the  sn  peri  or 
Inryngeal  nerve  Ijc  stimulated  witli  the 
farad ic  current  the  respiratory  move- 
ments   will    be    slowet?,   and    with    a 

powerful    irritation    will    be  arrested,    ^      „„    „  ^  ^ 

^  ^  t       1  ^*^-  25T.— Scheme  of  thf.  rnij>:F  Rk- 

the   diaphniiim    licnia:   completelv  re*       spikatorv  N'Kuvts,  afihk  Rvthier* 

laxed,  and  the  thorax  and  Innsrs  l>emg        ^^  ,^^,^^^^  ^„,  ^^^  „^,,,^  ^^_ 

in  the  condition  seen  in  forced  exi^ira-   rr^/.'^ZarJrr^^ll'.  ab'v:S~^^^^^^ 

tion.     It  would   therefore  appear  that    pLmffm.  d;  ln^t.  inu.r«*taiTi»hw;  bl.  r*,urT*nt 

.  ^  ,  .  l*ryttK»al ;  CX.  fnilmoniLrr  nhrw  of  vnfut  that  evcits 

the       trunks       Ol       the       pneUmOgastnC     Innr-irat-inrrtsntf*;  €Xr.r«lmT.nBrj  ftb™.  thai  endi* 

oerves  are  the  paths  of  impulses  trav-   J^**  "*'iV!'i*?Sr'.r''^'*\ ''"'"'  lihr^  *,f  ripwiw 

■'  ^  1»J7  aged  thai  iiiMUt  Ills  iiii[vtnt4>rye«iitc«. 

eling  from  the  lungs,  which,  reaelung 

the  respiratory  centre,  tend  to  exalt  its  activity.  Tlte  vagns  may, 
therefore,  l)e  regarded  as  a  stimulating  nerve  for  ttiis  centre.  The  laryn- 
geal nerves,  on  the  oti»er  liand,  may  be  regarded  as  inhilHtory  nerves 
of  the  respiratory  centre,  and,  when  stininlated,  arrest  respiration,  the 
diaphragm  being  in  a  state  of  relaxation  and  the  thorax  eonlrncted 
(Fi^,  257). 

While  the  res|iiratory  centre  is  thus  capable  of  being  modified  hy 
impulses  coming  from  these  nerves,  its  degree  of  activity  is,  above  alJ, 
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mninly  ciepeiident  upon  tlic  character  of  blood  supplit^d  to  it  D^fleteM 
oxygejiiitiou  of  tbe  ljlor>d  acts  as  a  stiuHiliis  to  tUiy  rent  re  and  csiiiiie* 
tilt;  respiratory  movements  to  beeorae  quicker  as  well  as  deei>er»  nUik 
esptmtlon  becomes  esi>ecially  iuereased  iu  powen  In  a  greater  depce  tlii 
deprivation  of  oxygen  from  the  blood  appears  to  eause  the  extension  of 
the  stimulus  from  the  refipiratorv  centre  to  other  a<1JQiniiig:  motor  eefiU^, 
and  we  then  find  tliat  not  only  the  ordinary  mnscle^  of  respimttoii  tn 
thrown  into  vi^  (lent  action,  but  til  at  cvc^ry  mnscte  in  the  lHjdy«yebis 
eunutK?ted  with  respiration  is  thrown  into  tbreed  euuiraciiuii.  Sueli  » 
stale  is  detseribed  as  dy8|iiia?a. 

Oil  the  other  hanil,  tlie  idood  may  become  overciiarijed  with  oxy^i^n* 

tmo^t^^^^^'^  ovfrcdinT'^ed  with  thb 
ration  in  one  *»f  the  k»wiT  anininli^. 
oxyhit^mogiobiii.      The  itiiinilui 
d,  and,  as  a  confte«pieuet%  we  find 
respii-atiou  eeane^  and  tb^  aBiim] 
nit   breath ing   for  a  uiitfilier  of 
lelf  from  the  excess  ftf  oxygisi. 
in  the  blot»d  is  n  natiinil  »tm\h 
vhich  m  inmr  tii  uxygca  i*  *^(f 
That  it  i*  the  iK>vcrty  of  oXTgwi 
which   lirin^s  this  c^iitrr  inta 
Finimal  l>e  can?iefl  to  brewitln"  an 
atmos[iiiere  fluprived  of  oxyijeii^  or  one  which  will  not  interfere  witbilM* 
removal  of  earbr>ii  dioxide,  the  ]>hcnomeiia  of  dyspnoea  will  slill  si|j(i^* 
Thus,  ail   an i null   [>laced    in   an   atmosphere   of  hydrogen  will  nol  hi 
preventi'il  frum  removin^:  carbon  tlioxide  frcnii  its  venous  blood,  hut  wjU 
of  course,   U-   tshut   olf  from   all  supply  of  frcnh   uxysren.     Iniucbae 
animal  the  phuuunic'ua  of  dyspna'a  rapidly  appear.     This  action  oo  Uii 
ra^ [ ) i n\ I i i ry  c e 1 1 1 re  i ??  \\ ro( I u ced  1 1  i re ct  1  v ,  a n d   n t j t   t h ri > u ;i h  t lie  iimliAtioi 
of  any  nerves,  tVir  even  v^hi^n  the  8[Hual  cord  is  cut  and  the  supjJ/  of 
oxyjjcu    fnnu   the   medulla   shut   olT    the    [jbenoniena  of  (iyspu*iet  *• 
evideneeil  iu  the  spastinidic  coutnictions^  of  the  nostrils  and  glotli** ptH 
thoui^^h  their  exjiression  tbrMUgh  the  nnmeles  of  respimtioii  is  retwliiw' 
impossible.     So.al^o,  litratiuj^  the  vertebral  and  carotid  arteries  prodwii 
the  same  result  by  dccreaHing  the  supply  of  oxygenated  bloml  hnw^b*^  ' 
thia  centre.     A^^ain,  if  the  liliiod  distributed  to  the  respiniturr  ceunip'^ 
heaterl  above  normal,  dyspucca  is  also  produced,  fnjm  t!ie  fact  tbt  t^ 
increases]   temperature  of  the  blood  leads  to  an  increasetl  activity  uf^ J 
chemical  pmceHises  iu  the  body,  and  so  to  the   more  nq>ul  eslmMt^l'OO '*| 
oxygen.     Here,  also,  we  find  dyspncea  prodncetl  through  the  shuttiii|' 
of  the  supply  of  oxygen  from  this  centre. 

As  has  been  mentioned,  if  the  suppl}^  of  oxj^gen  be  interfered  wil 
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titlier  tb rough  some  mechnnical  obt?tniction  of  llie  air-passagcs  or 
Utrougli  the  retliiction  ofthe  iimoiiiit  of  oxygen  in  the  air,  as  by  broathing 
in  A  confined  space,  normal  respiration  gracliiaHy  is  replaretl  hy  dysfnif^a, 
in  which  si m pi 3'  all  the  acc^cssury  mnscltis  of  respiration  are  brongbt  into 
phiy,  anil  respiration  tbcn»  instead  of  being  an  almost  ini[>ercepiihle 
invoUintary  inoveiuent,  now  becomes  eonvulsive.  If  tbis  interferenee 
witli  tiie  normal  oxygenation  of  the  blood  continues,  the  aninml  then 
passes  into  n  state  of  asphyxia,  which  proves  mpidly  fatab 

When  the  reduction  of  oxygen  in  the  blood  supplied  to  the  respira- 
tory centre  liecomes  deereased^  the  overexcttatit^ri  of  the  respiratory 
centre  W^comes  evident  in  the  increased  vitjlenee  of  the  respiratory 
tnovements;  expiration  l)eeomes  gradnaily  convnlsive,  until  often  every 
muscle  which  may  react  on  the  thorax  is  brought  into  ijIhv.  Very 
soon  almost  all  of  tlie  muscles  of  the  body  nre  implicated  and  the  animal 
is  then  in  a  state  of  active  convulsions.  It  would  aiqiear  that  these  con- 
vulsions are  due  simply  to  the  extension  of  the  activity  of  the  respira- 
tory centre  to  other  closcfv  associated  centres  in  the  medulla.  For  we 
notice  that  lirst  the  ordinary  respiratory  muscles  contract  with  greater 
Tigor,  we  then  have  the  accessory  muscles  brought  into  phiy,  and  event- 
tmlly  the  entire  muscular  system  of  the  body;  and  although  a  con- 
TuJsive  centre  in  the  medulla  is  sometimes  spoken  of,  it  is  evident 
that  this  centre  must  lie  closely  counecte<l  with  the  respiratory  centre. 
After  a  vnrijiltle  |ieriod  the  violent  nuiscular  contractions  sudtlenly 
disappear,  from  the  exhaustion  of  the  nervous  sysit-m,  the  tnipila  are 
then  found  to  lie  dilateii  to  their  utmost  and  are  unnflccted  by  light, 
Mid  the  cornea  insensible  to  the  touch.  Ail  the  muscles  of  the  body 
are  now  in  a  condition  of  relaxjition  ;  and  altbough  the  respiratory 
movements  have  not  entirely  ceased,  they  are,  however,  far  Ijetween, 
are  g^asping,  accompanied  by  twitching  of  other  muscles,  especially  of 
the  face,  and  the  intervals  between  tbem  become  gn^duiilly  increased  ;  the 
rhythm  ofthe  respiratory  movements  Ijccoming  irregular,  cMch  inspira- 
tion shallower  and  sha!h)wer,  again  implicating  the  other  muscles  of  the 
body,  with  the  head  thrown  back  and  the  mouth  opeUj  the  face  drawn 
and  the  nostrils  dilated,  the  last  breath  is  taken  in. 

It  is  thus  evident  that  the  phenomena  resulting  from  the  deprivation 
of  oxygen  may  be  divided  into  three  diflereot  stages  :— 

First,  a  stage  of  dyspnrjea,  characterized  by  an  extraordinary  mus- 
ftilar  elfort  in  the  muscles  of  respiration,  expiration  being  especial!3^  con- 
valsive.  Second,  an  extension  of  the  convulsive  muscular  contractions 
to  all  the  other  muscles  of  the  body^  and  therefore  characterized  l^y 
penend  convnlsions,  while  the  tinal  stage  is  one  of  exhaustion,  in  which 
the  inspirations  become  slower  and  slower^  mure  and  more  sludlow, 
and  are  flnallj-  arrested. 
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The  citimtiou  of  ftsphvxia  varies  consideralily  in  di^erent  Ammals 
ftTifl  in  tlie  Piime  fliiiinal  iintlur  ditTerfiit  circumstanceii.  As  a  rule,  young 
animals  will  bear  a  longer  deiirivation  of  frush  air  tlian  ailult'i,  ll  bai 
thus  been  stated  tliat  while  a  full-grown  dog  will  rarely  recover  from  m 
iinmerHiou  in  water  over  one  and  one-half  minutes^  a  pnppy  has  l>een 
known  to  recover  after  an  immersion  of  fil\y  minutes.  This  is*  evidently 
to  be  explained  b^*  the  fact  that  in  younger  animals  the  processes  of 
tissue  change  are  less  active  than  in  adults,  and,  as  a  consequeuoe,  the 
demtnul  on  tiie  oxygen  in  tlie  blood  is  less. 

During  asphyxia  the  circulation  is  the  seat  of  Tarions  departoref 
from  normal. 

In  the  staple  of  dyspnoea  and  convulsions  the  blood  pressure  \$ 
reduced,  while  in  the  final  stage  it  rapidly  falls  far  Ijelow  normal,  until 
at  the  period  of  death  the  blood  pressure  does  not  exceed  the  atmcfr 
pheric  pressure. 

The  heart  also  is  modi  fled   in  its  activity*     At  first  it  beats  more 
rapidly  than  normal  ami  then   is  slowed,  but  each  pulsation  is  greatJ/ 
increased  in  force*      As  a  rule,  the  heart   continues  to  beat  for  aom 
time   nfter   the   final   cessation   of   respiration.      Durinar   ^^^   6r*t  ami 
second  stajj^cH  of  asphyxia,  the  great  increase  in  blood  pressure  from  ihe 
contraction  of  the  arterioles  leads  to  great  increase  in  the  resistanct 
met  with  by  the  heart  in  emptying  itself.      We  tind,  therefore,  if  tlic 
chest  of  an  animal  is  opened  during  as|)hyxia,  that  the  right  si<lc  of  l^^e 
heart  especial!}'  is  gorged  with  blood.    The  lungs  and  the  pulmonary  ves- 
sels are  overfilled  and  distemled,  and,  as  a  consequence^  blood 
in  the  venous  system,  so  accounting  for  the  cyanosed  appearanoe 
on  all  external  surfaces,  and  so  characteristic  of  asphyxia. 

Modified  liespiralortf  iMovemetds, — In  aildition  to  the  normal  re<|«n^ 
tory  rhythm,  various  modifications  of  the  respiratory  movement  an?  oft^« 
noticed.  Many  are  invuluntary,  and  yet  nearly  all  of  them  may  beitjn^ 
duccil  by  a  direct  ellurt  of  the  will 

Sighing  is  produced  by  a  long,  deep  inspiration,  air  being  inhii<J 
through  the  nose  and  the  inspiration  followed  by  a  numherof  slioittf 
expirations. 

Yawning  is  accomplished  by  a  deep  inspiration  through  the  niofltJt 
and  is  accomimuied  by  a  depression  of  the  lower  jaw  and  eletiitio«o^ 
the  sliouldcrs.  ' 

Hiccough  is  produced  by  a  sudden  contraction  of  the  diftjilirii?" 
and  a  sudden  closure  of  the  glottis,  so  arresting  the  entrance  ot  s^f^^^m 
the  bings,  and,  by  the  striking  of  the  column  of  air  against  lk*ci 
vocal  cords,  producing  the  sound  characteristic  of  this  pbenomen* 
Hiccough  is,  as  a  rule,  due  to  the  stimulntion  of  the  gastric  hraodici 
the  pneujnogastric,  especially  in  some  disturbiUiee  of  digesLioii. 
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Sobbing  is  produced  b^  a  serits  of  similar  convulsive  inspirationg, 
in  wbich  the  glottis  is  closed  earlier  than  in  hiccoughiu^,  and  no  air,  con* 
sequent Ivi  enters  the  chest. 

The  foregoing  are  tlie  principal  modifications  of  the  inspiratory 
phase  of  the  refipiratory  rhythm. 

The  following  owe  tbeir  characteristics  mostly  to  some  modification 
of  expiration  : — - 

Cuiigbiiig  is  produced  by  a  long,  deep  inspiration,  after  which  the 
glottis  becomes  firmly  closcih  A  forced  expiration  is  then  made  through 
the  violent  contraction  of  the  alHlomimd  muscles  and  serves  to  force 
open  tlie  glottis^  the  vibration  of  the  vocal  cords  producing  the  cliarac- 
teristic  sound.  The  starting  point  of  the  act  of  coughing  may  lie  found 
in  the  contact  of  any  foreign  body  with  the  mucous  merabrnne  of  the 
air-passtiges,  ihc  impression  being  conducted  through  the  suj*erior  laryn- 
geal nerve.  Other  parts  of  the  body  may,  howeverj  also  serve  as  the 
starting  point  to  the  act  of  coughing.  Thus,  stimulation  of  the  auricular 
branch  of  the  pnenmogastric,  as  is  otten  the  ease  in  numerous  enr  dis- 
eases, may  produce  cougldng,  as  may  the  stimulation  of  other  nerves. 

Sneezing  is  produced  by  a  mechnnism  closely  similar  to  that  of 
coughing,  witli  the  exeeptiou  that  tlic  expelled  column  of  air  passes 
through  the  nose  instead  of  the  mouth. 

I  The  point  of  origin  of  tlie  atrerent  impulses  is  usually  found  in  the 
mucous  membnine  of  the  nose  and  is  eimdneted  througli  tlie  fifth  |mir  of 
lerves.  In  certain  individuals  tlic  optic  nerve  may  also  be  the  path  over 
Mch  the  atrerent  impulses  travel  to  originate  the  act  of  sneezing. 

Laughing  consists  of  a  bjng  inspiration  followed  by  a  series  of  short 
expirations,  during  which  the  glottis  is  open  and  the  vocal  cords  thrown 
into  vibration  b}^  the  movement  of  the  column  of  air. 

Crying  is  produced  by  the  same  mechanism  as  laughing,  the  only 
'^difference  being   in   the  facial  expression.    As  a  consequence,  laughing 
luujtly  verges  into  crying,  and  the  reverse,  and  the  two  are  freriuently 
idistinguishable, 

0.  Influence  of  the  Respiration  on  the  Circulation,^ — In  the  cxami- 
ition  of  a  tracing  obtained  iu  a  i^lood-pressure  experiment,  in  addition 
the  undulatians  caused  by  the  variations  in  the  blood  pressure  due  to 
ch  individual  heart  contraction,  a  larger  series  of  waves,  each  com- 
IXJ^ed  of  li  numl>er  of  cardiac  pnls:itions,  may  be  noticed.  These  nndula- 
^ '  'J  n  '^  Ij  ;i  ve  a  I  r  eai  1  y  l>een  re  fe  r  ref  1  to  as  be  i  n  g  due  to  t  h  e  i  n  lb  i  e  n  c  e  o  f  the 
'*'^^s|>iratory  movements  on  arterial  blood  pressure.  Their  mode  of  pro- 
^tiction  is  now  to  be  considered.  Roughly  speaking,  it  may  be  stated 
^^rtt  during  every  inspiration  the  blood  pressure  falls,  and  during  every 
^Xpf ration  it  rises.  This  statement  is,  however,  not  absolutely  correct, 
lit  requires  some  slight  modification. 
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ge  vessels  of  the  thoracic  cavity  vary  i 
rtegree  of  pressure  to  which  their  walls  are  r 
s,  possessing  thiunE^r  and  less  rigiii  walls,  i- 
erual  pressure  than  are  the  arteries.     When  O  • 
idcd  in  iiispimtioD,  naturally  a  negative  pn^s' 
the  walls  of  the  veins^  and  they  cousequeutly 
onsequcficc  the  flow  of  blood  toward  the  hetir' 
f^*^  been  already  intlieatcd,  the  presaunMvithiu  t 
d  of  the  great  vessels  at  tlie  base  of  the  hef^ 
uspuation.    If  an  opening  be  made  in  a  vt 
VI.  of  the  neck,  at  each  insi>iratory  moveuii' 
■  to  enter  the  venous  trunks,  tbnniixg  one 
liger  in  wounds  of  the  large  veins.     As  a 
apeasB  in  the  venous  blood-cturren(  during  S 
blood  enters  the  right  auricle* 
Further,  if  an  opening  Ikc  mad    in  the  ^ 
if  puUatioti,  which  is  synchro    .ms  witi 
f  be  noticed,  in  addition  to  ths     duo  t* 
ins|M ration  the  brain  sinks.  ■     d  at  e?- 
ction  (jf  this  phenomenon        evidtn 
Eititin  of  the  ll<?w  f>f  blood  i      ii  th<ft  • 
iid  place » to  retardation  in  e        ation 
the  lartre  arteries  going  to  th        ain  i 
in  tlie  venuns  sintiF*cs.     During  inspirali' 
of  blood  enters  the  right  side  of  the  hear 
quantity  escapes  from   the  left  ventric 
aorta,  and  the  blood  pressure  is  inereas* 
During  expiration  opposite  eonditi 
walls  of  the  great  veins  of  the  thorax 
in   the  volume  of  the  thorax,  and  enti 
hindered,  less  blood  enters  the  heart, 
tricle,  and,  as  a  consequence,  arterial 
This  state  of  alfairs  is,  however 
seem  to  indicate.     In  the  first  place 
nients  on  the   arteries  must   be  dii 
while  inspiration  tends  to  facilitate 
the  thorax,  it  likewise  tends  to  hin(1 
from  the  thorax  ;  while  at  the  san 
not  only  on  the  veins  but  on  the  ai 
expansion  of  the  arterial  trunks 
veins  is  produced.     Therefore,  th 
rial  trunks  would  be  to  reduce  bio 
already-  indicated,  the  walls  of  ti. 
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till*  blood  pressure  be  simultaneoualy  made,  the  respiratory  undnkioaij 
ohhougli  in  a  modified  form,  wiU  atiH  be  present.  In  thb  easy  th?  c«^] 
ditioiis  ai'o  exactly  reversed,  tor  in  uispiratiou  air  is  forced  into  the  langi  j 
Instead  of  being  aspirated,  &o  that  tlie  pressure  in  the  tliomx  iamcmaei  J 
during  inspiration  instead  of  being  decreased,  as  in  normal  IM  pi  ration  J 
So  that  we  are  compelled  to  attribute  the  greatest  influence  in  tLeuro  I 
d action  of  these  respiratory  undulations  to  varying  changei  In  tUenifr^j 
motor  centres  rather  than  to  the  median  teal  causes  produetng  cb&ngei  Jia 
the  intra-thoraeic  pressure. 

Another  cause  wldch  may  be  concenied  in  the  pix>diiclkm  of  ika 
respiratory  undulations  is  also,  to  a  certain  extent,  iu4H.dminad,  wi^ 
depends  upon  varying  pressures  within  tlie  abdomen.  As  the  diapbrapi 
rlescends  in  inspiration,  the  alwloininal  contents,  including  the  aMtnutml 
vessels,  are  pressed  upon,  and,  as  a  consequence,  the  blood  pressure ma»t 
be  increased.  The  reverse  naturally  obtains  during  expiration,  aariiu* 
found  tiiat  section  of  both  phreinc  nerves  and  opening  of  the  akiominil 
cavity  causes  an  almost  entire  disappearance  of  the  re&iumtory  HIKll^ 
lations;  so  that,  therefore,  the  nsechauical  changes  In  the  flhdomiini 
pressure  are  likewise,  to  a  certain  extent,  concerned  in  the  production ol 
the  respiratory  undulationa* 


SECTION   IX. 
The  Mammary  Secretion. 

Thi  milk  18  the  secretion  of  the  mammary  glands  of  the  females  of 

the  nammalian  group,  and  is  poared  out,  as  a  rule,  only  in  the  last 

of  pregnancy  and  after  the  birth.    Sometimes,  especially  in 

I,  the  secretion  of  milk  is  formed  by  the  rudimentary  glands  of  the 

In  many  cases  the  mammary  glands  of  newly-born  infants  of  both 

I  also  pour  out  a  scanty  secretion,  which  is,  probably,  closely  similar 

h  composition  to  milk,  although  it  has  been  but  slightly  investigated. 

lUi  secretion  commences  usually  three  or  four  days  after  the  birth, 

i  up  to  the  eighth  day,  remains  a  few  days  stationary,  and  then 

to  decrease,  and  by  the  end  of  the  first  month  has  usually 

tttirdy  disappeared. 

The  mammary  glands  of  various  animals  of  the  mammalian  type 
ibo  frequently  pour  out  a  secretion  immediately  after  birth.  These 
Acta,  as  well  as  the  morphological  characters  of  the  mammary  gland, 
indicate  that  they  are  exceptionally  developed  sebaceous  glands;  the 
dose^  similarity  in  composition  of  the  milk  and  the  secretion  of  the 
•ebaceous  glands  of  the  skin  also  supports  this  view. 

The  following  table  represents  the  composition  of  this  secretion 
from  the  rudimentary  mammary  gland : —  ' 

Newly-Bom  Piye-weeka- 
Jnfant  old  FoaU 

Water,         ..;....    ^.705  98.10 

Solids, 4.295  6.90 

Casern 0.557  0.50 

Albumen 0.490  1.02 

Fat, 1.456  (?) 

Milk-sugar 0.956  8.67 

Inorganic  salts, 0.826  0.44 

Before  and  shortly  after  delivery  pregnant  females  secrete  a  fluid 
?^^  their  mammary  glands  which  differs  considerably  from  that  of  the 
^^r  secretion.    It  is  termed  colostrum. 

Colostrum  is  an  opaque,  yellowish  fluid,  containing  a  large  amount 
^  the  so-called  colostrum  cells  (true  glandular  cells  in  different  stages 
5^^  fatty  degeneration),  few  milk-globules,  a  large  amount  of  albumen, 
^^tle  or  no  casein,  and  but  little  fat,  milk-sugar,  and  salts.  On  account 
5^^  Its  large  percentage  of  albumen,  it  coagulates  when  heated,  differing 
^^  this  respect  from  milk ;  in  fact,  colostrum  when  first  secreted  closely 
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resemblen  blood-scrum,  with  the  acklltion  of  colostnim  rorpnscUi* 
Gnttbmlly,  however,  the  colostnim  secretion  passes  into  a  mitk  tsecjrttiM^ 
albumen  ixnd  colostrum  corpuscles  become  r€<luc©ci  in  amount,  fiil,ai«^t 
sugar,  and  niilk^globules  increase.  Tbe  specific  gmvitj  of  colostrtm 
varies  from  1040  to  lOfiO,  being  higher  immediately  after  deli  very  i&d 
fallinji  IIS  it  gives  place  to  a  true  milk  secretiow,  Thus^  accordiliff  to 
Que  venue,  tlie  speclftc  gravity  of  colostrum  of  the  cow  on  thi?  first  tiaf 
after  cahini?  is  lOfiO;  on  tUe  second,  1053;  on  the  third,  1035;  on  lie 
fourtii,  1040  ;  on  the  fillh,  1027.  Tiie  reliction  of  colostrtim  isonliimriljr 
alkaline  and  liecomes  acid  on  standing,  Imnied lately  afttr  calviji^  the 
oolostrnin  of  the  ijow  contains  8.5  per  ecut-  albumen,  after  one  iby  li 
per  cent, ^  after  three  days  '6 A  per  cent.,  after  seven  days  U  per  c«JL, 
and  after  twenty H>ne  diiys  0,5  per  cent.  On  an  average,  colo&triiin  mf 
h©  said  to  have  the  following  composition : — 

WAitT,       ,        .        , 7S.7  per  cent 

Cftftcin,       .        ,        .        .        .        .        .        ,      7,a       ■• 

AUiumen,  ..,,,,,.      7.5      '' 

Fals,         ,.,.....      40      ** 

BuffAr, ,        .        .      1.5      " 

Salts ,        .      l.D      " 

The  so-called  uterine  milk  is  a  white  or  rose-col o red, ereamr.silblii 
fluid,  with  specific  gravity  of  1030  to  1040^  and  is  obtaiuctl  by  Qomy 
flion   of  tbe    placental   cotyledons    of  ruminant  animals.     It  rafM 
I  >e  0  n  T 1 1  *^  !^  iw  i  d  a  n  d  \i  nd  e  rgoes^  s  po  n  tan  eons  eoagu  ki  t  i  o  n .     1 1  con  in  i  fi^  ^^V^ 
|>firi  H  J,-.,  five  nuclei,  and  epithelial  cells.    The  following  table  rt-prestat* 
its  composition  in  the  cow  ;■ — 

Water 87  Jl  per  Mat 

Bolids, 12.09      " 

Fais 123       *' 

Albumen  ceM»,        .        ,        .        .        ,        .  10,40      '' 

AlbuminateB,  . 0.16      " 

Ash .      0.87       ^* 

1.  TnE  PnvsTCAL  Awn  Chemical  Propeeties  of  Mflk— Milk  i^  ** 
opaque  tluid,  with  a  swceti^^h  taste  and  nn  opalescent  bluish  tint,  in^liit 
layers,  and  a  cbaraetcristic  odor  due  to  tlie  volatile  substances  ikn^^ 
from  the  secretions  of  the  cutaneous  glands. 

Milk  ia  nut  a  homogeneous  fluid,  but  is  an  emulsion .^  which eon^^ 
of  tiie  so<»alled  railk*gloiMjlos  suspended  in  milk-plasma,  the  htter  t«B^ 
sisting  of  a  solution  of  albumen,  sugar,  and  salts.  Examined  lUiJi^'l^ 
microscope  the  milk^globnles  appear  as  highly  refractive  tlraps  w  ** 
floating  in  the  clear  fluid  (Figs.  !258  and  259)* 

The  size  of  these  globules  varies  from  0,01  to  0.03  millimeter. 

In  colostrum  the  corpuscles  are  much  larger  than  in  milk,  an'^  ■'^ 
capable  of  amoeboid  movements.     The  milk-corpuscles  consist  ali»^ 
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of  fat,  flTifl  are  composed  of  combiiuationR  of  gly^'erin  with 
klmitic,  find  stearic  acids.  They  are  sitrmmidt'd  hy  a  thin  layer  of 
jot  in  the  form  of  a  solid  deposition »  but  the  casein  probably 
1  a  condition  of  high  imbibition  rather  than  in  a  state  €>f  solidity 
lie  solution.  The  layer  of  casein  cannot  l>e  regarded  as  consti- 
k  membrane,  although  it,  to  a  certain  extent,  fuUIUs  the  same 
I.  If  acetic  at? id  is  added  to  a  preparation  of  milk,  under  the 
ope  it  will  be  seen  that  the  caseous  envelope  is  dissolved  and  the 
ales  run  together  and  form  irregular  masses  of  oiL 
len  cows*  milk  is  shaken  u|>  ivitli  caustic  potash  and  then 
1  with  ether  the  oil  passes  into  soluticm  in  the  ether.  The 
(Mulijection  to  the  action  of  caustic  potash  is,  however,  essential, 
her  will  not  dissolve  the  oil  from  cows'  milk  unless  the  casein 
be  previously  dissolved  hy  acetic  acid  or  potash. 


I,— MiCRoscoric  ArpEAKANi  t  o¥  Milk  and  roL08TRni,    {LandotM,} 

Tb«  npptT  half  of  Um  hgum  r»|) rvMnu  milk  -,  tb«  law«7  hjjf  oottMiLramH 


milk  l>e  allowed  to  stand  for  some  time  the  oil-globules,  which  in 
secreted  milk  are  uniformly  distributed  through  tlie  milk,  now 
the  surface  and  form  a  layer  largel}^  composed  of  fot,  or  the 
d  cream. 

le  reaction  of  fres hi 3' secreted  milk  is  alkaliue  in  the  herbivora  and 
luman  female,  while  tliat  of  the  cnrnivora  is  acid, 
le  milk  of  herbivora  frequently  will  exhibit  both  an  alkaline  and 
1  reaction,  due  to  the  t*****^*'*'<?'^  ^^  ^^'^  iicU\  sodium  phosphate 
PO4)  and  of  an  alkaliue  disodic  phosphate  (NAjilPO^),  Such 
Ion  is  s|K>ken  of  as  amphioter. 

ben  milk  is  allowed  to  stand,  the  alkaline  reaction,  when  present ♦ 
►lace  to  an  acid  reaction,  which  is  due  to  the  fermentation  of  the 
gar   and  its  conversion  into   lactic   acid.     When   the   cream   is 
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removed  from  milk  the  skinimed  milk  is  less  opaque  and  white,  wlil« 
the  edges  in  contact  with  tlie  vessel  have  a  distinct  bluish  tint 

The  specific  gravity  of  milk  varies  from  1018  to  1040.  Cows'  inilk, 
when  pure,  ma3*  vury  between  sp,  gr,  1028  and  1034,  ustially  incnsMing 

from  the  first  to  the  eighth  month  of  lactation  from  1031  to  1039. 

In  composition  milk  consis^ts  of  solids  parti}'  dissolved  and  partly 
suspended  in  a  fluid  pliiBroa,  the  amount  varying  from  12  to  13  per  cent 
or  these  solitls,  3  to  0  per  cent,  is  represented  by  the  fats,  &,25  percent. 
by  the  other  solids. 

In  composition,  milk  is  composed  of  85  to  00  per  cent  watfft 
casein,  albumen^  fat,  milk-sugnr,  lecithin,  and  salts,  with  carbon  dioxide, 


Tta,  Sse. 


-MiCRoscoFic  Appearances  of  Milk,  I ;  Chkasc  II ;  BtT-rKE.  HI;  Cows- 
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oxygen  and  nitrogen  gases,  nrea,  and  various  aceidcntAl  cnnf^t^ititut^ 
f»nch   as   lactic   acid   after  milk   fermentation »   ha?matin,  bile  cuKirMiij^ 
matters,  and  mucin*     It  often  serves  to  eliminate  various  substimcwi 
as  drugs,  among  which  may  l>e  mentioned  potassium  icKU<le,  iodin*?.' 
of  various  metals,  the  oil  of  garlic,  and  various  other  bodies, 
filtereil  through  animal  membrane  or  porous-clay  fillers,  the  milk 
is  obtained  as  a  clear,  slightly  opalescent  fluid,  which  eontaiiw* 
serum-all  Hi  men,  peptone,  milit-sugar,  salrs — in  fact,  all  the  coo 
of  milk,  with  the  exception  of  the  oibglobules  and  a  consideniMe| 
of  the  casein,  the  amount  of  the  latter  which  is  kept  back  being  | 
increased  when  a  fresh  animal  membrune  is  used  as  a  filter. 
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e  fullowing  tables   represent  various  aimljsea   of  this  secretion 

^^M 

rent  animals: — 

^^1 

POSITION    OF    THE    MlLK     OF     DIFFERENT    AnIHALS,      (AfTER    GoRUP- 

^^1 

Besahez,  Liebermann.  Gautikii,  etc.) 

H 

Wonmn. 

Ass. 

Cow, 

Goat 

Bbeep. 

Mara. 

TCrCHTS. 

Ocilo»- 

^^^H 

tnini. 

^M 

1 

86,27 

88.91 

87.77 

84.0^ 

90.70 

86.56 

8676 

83.30 

82,84 

13.72 

11.09 

12.23 

15.92 

19.30 

13.44 

13.24 

16.69 

17.16 

^^^^^H 

en.  J  ' 

2,95 

3.92 

2.34 

3.23 

1.70 

C    3.50 
I    0.58 

2.92  I 
1.31  5 

5,73 

1,64 

^^H 

1  .    .  #   » 

5,37 

2.67 

3.68 

5.78 

1,55 

4.03  ! 

4.48 

6,05 

6.87 

^^^^^H 

3gw*.  -  - 

5,13 

4.36 

5.55 

6.51 

5.80 

4.60 

3.91 

3.96 

0.68  : 

$.65 

^^^^^H 

fiSK^ts. 

0,22 

0,14 

0.23 

0.35 

0.50 

0.73 

0.62 

^H 

1 

1 

100  Puita. 

Cow. 

Uoat. 

8lieep. 

Am. 

Mue. 

Bow.     ! 

WoWMi, 

1 

85.7 

86.4 

84.0 

91.0 

82.8 

82.4 

88.8 

1 

14.3 

i3.e 

16.0 

9.0 

17,2 

17,6 

11.2 

^^^^H 

b 

4.H 
0.6 

3.3  > 
1.2  5 

5.3 

2.0 

1,6 

6.1 

3.5 

• 

^^H 

pp  -  - ' 

4,3 

4.4 

5.4 

1.3 

8.9 

6.4 

3,5 

^^^^^H 

r 

4.0 
0.6 

4.0 
0,7 

4.n 

0.7 

5,7 

8.7 

C   4.0 
;     1.1 

4.0 
0.2 

■ 

ises'  milk  is  nearest  in  composition  to  women's  milk  \  cows'  milk 

^halfmore  fat  ami  almost  one-Ualf  more  albuminoids. 

^^^H 

1 

^H 

III.    The  Ahh  of  Milk  in  ICM)  Parts, 

^H 

i 

Cows"  Milk, 

Women *s  Milk. 
(WUiJensteiJi,) 

^^^1 

(Welier,) 

{H&idletiO 

H 

1 

4.21 

6.38 

8.27 

1 

31.59 

24.71 

15.42 

^^^^^H 

1 

19.06 

14,39 

16.96 

^^^^^H 

1 

18.78 

17.31 1 

MB*                                       . 

OM 

1.90 '. 

56.52 

ric  acid,                     , 

19.00 

29,13; 

e»cid, 

2.64 

1.15 

, 

dde,    . 

I             0.10 
trace 

0.33 
0,09 

0.62 

■              1 

a 
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IV.    The  Relative  Value  of  Bipferent  Kinds  of  Milk. 


"Water, 

Cnaein  and 

1 
Butter. 

B«gr^«a 

Miires"  milk 

Afises"      ■*      . 
Womeo's  milk, 
Goats* 

Sheep't                        .... 

9L15 
8901         ' 
87.24         ' 
86.85 
84-28 
83.30 

3.57 
2M 
3J9 
4.35 
5.73 

1.27 

1.8,5 

z.m 

434 

6.47 
6.05 

612 
557 

4JS4 
3% 

V.    Solids  ix  a  Pixt  of  Mile. 

Nitrogenous  constituents,                             .        .23.9  imimmes. 
Fttttv                      "                .                .                .    82.7^     " 
Bjit'dittHne             "                .....     30.3 
Salts, -4.0 

2.  Casein  and  Milk  Coagulation. — Casein  In  a  proteid  liody  of  »it 
acid  reaction  which  is  scarcely  soluble  iu  water  but  soluble  in  dilutencids 
and  alkalies.  In  milk  its  aohilion  is  rendered  possible  by  its  coinbiaa' 
tion  with  soluble  alkali  nlbumiuates  and  tlirough  the  presence  of  caleitan 
phosphate.  In  amount  it  varies  from  3  to  5  per  cent.,  the  relati\e  ^  \ 
portions  of  casein  and  albumen  being  from  L8T  l>er  cent  tu  4.68  |iti 
cent,  of  the  former  and  from  0.60  per  cent,  to  1.77  per  cent.  aftUe  IdiAxt.  | 

Caseiu,  although  closely  sindlar  in  composition  to  alkaU  ail)ino€»ti« 
not  ideutieai  with  it^  but  is  probably  to  be  reganied  as  a  combination  *>f 
alkali  idburairiate  and  iiuclein.  Casein  maybe  ol^tained  from  milk ''J 
dilution  with  four  times  its  volume  of  water,  the  addition  of  dilwle a 
acid  (O.l  percent.)  until  a  precipitate  begins  to  apiHPiir,  then  jn 
current  of  carbonic  acid  gas,  filtering,  and  washing  the  pi'ecipitste i 
water,  alcohol,  and  ether. 

Casein  may  also  bo  obtained  from  milk  by  the  addition  otmitgDm^  \ 
sulphate  to  saturation. 

When  freed  by  ether  trom  fats  after  its  preparation  l»y  Ibc  1**^ 
process  and  dissolved  in  water,  casein  is  a  snow*white  powder  m\^^ 
solution  rotates  yellow  light  eighty  degrees  to  the  left;  in  dilate  i 
solution,  seventy -six  degrees  to  the  lefY ;    in   strong  alkaline  aoJi^ 
ninety -one  degrees  to  tlie  leilt ;  and  in  dilute  hydrochloric  actdf  I 
seven  degrees  to  the  left.     It  leaves  no  ash  on  incineration- 

When  milk  is  boiled  the  serum-allsiimen  of  milk  l)eeomes  co«i^l*^^ 
while  the  skim  formed  is  due  to  the  dejKJsition  of  a  thin  jjelliclcofca*'*  i 
due  to  evaporation,  and  which  is  renew* etl  as  fast  as  it  is  removed. 

The  coagulation  of  milk  dei>euds  ui>on  the  precipitation  of  ai**!^ 
Everything,  therefore,  which  causes  casein  to  become  insoluble  ct,^ 
coagulation  of  milk.  Stich  agents  are  acids,  rennet,  tannin,  aWbol,*^ 
mineral  salts. 
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Milk  is  coagulated  by  all  acids.     Several,  especially  acetic  acid  in 
9,  again  dissolve  tlie  precipitate  of  casein.     Casein  is  precipitated 
hf  acids  only  when  a  certain  degree  of  acidity  is  reached,  since  alkaline 
phosphates  must  be  first  neutralized ;    if  the  alkaline  phosphates  are 
lemoved,  even  carbon  dioxide  is  then  capable  of  precipitating  casein. 
The  spontaneous  coagulation  of  milk  is  produced  by  the  development  of 
hctic  acid,  which  is  formed  from  milk-sugar  in  the  milk  by  the  action 
of  bacteria  introduced  from  without  or  by  the  action  of  the  lactic  acid 
lennent  which  appears  to  be  present  in  milk.    In  this  process  the  neutral 
alkaline  phosphate  is  converted  into  acid  phosphate.    The  casein  is  sepa- 
rated from  its  combination  with  calcium  phosphate  and  is  precipitated, 
the  sugar  being  decomposed  into  lactic  acid  and  carbon  dioxide.     When 
milk  coagulates  spontaneously,  or,  in  other  words,  curdles,  it  separates 
into  a  tough,  jelly-like  substance  or  curd,  which  consists  of  the  insoluble 
casein  and  fat,  floating  in  an  opalescent  acid  fluid,  or  whey.     The  whey 
eoDtains  the  greater  i)art  of  the  salts  of  the  milk,  the  lactic  acid,  the 
mdecomposed  milk-sugar,  and  certain  amounts  of  fat  and  the  albumi- 
noids.   That  the  spontaneous  curdling  of  milk  is  due  to  the  action  of  the 
limnent  contained  itself  in  milk  (which  decomposes  the  milk-sugar  into 
kctic  acid)  is  proved  by  the  fact  that  boiling  greatly  retards  the  spon- 
tueous  coagulation,  evidently  through  the  destruction  of  this  ferment. 
This  lactic  acid  ferment  may  be  precipitated  from  milk  by  the  addition  of 
Vk  excess  of  alcohol.   If  the  ferment  is  then  dissolved  in  water  and  added 
to  solutions  of  milk-sngar  it  will  produce  rapid  fermentation.   The  action 
of  the  milk-curdling  ferment,  as  pointed  out  in  the  chapters  on  Digestion, 
is  very  different.    llere,the  casein  is  rendered  insoluble  by  the  action  of 
the  rennet  ferment,  even  in  alkaline  fluids  and  without  at  all  calling  in 
the  aid  of  lactic  acid.     The  salts  in  milk,  especially  the  calcic  phosphate, 
are  essential  to  the  action  of  milk-curdling  ferment ;    for,  when  milk  is 
subjected  to  dialysis,  rennet  is  then  rendered  incapable  of  producing 
coagulation. 

Spontaneous  coagulation  of  milk  may  be  prevented  by  the  addition 
of  Bodic  carbonate,  boracic  or  salicylic  acids.  So,  also,  the  addition  of 
one  drop  of  tlie  ethereal  oil  of  mustard  to  twenty  cubic  centimeters  of 
fiiilk  will  likewise  preserve  its  fluid  condition. 

Colostrum,  sows'  milk,  and  the  milk  of  carnivora  coagulate  when 
heated.  Boiled  milk  coagulates  spontaneously  only  with  dilKculty,  and 
^*  also  more  difficult  to  coagulate  with  rennet,  but  when  acidulated  the 
^^*8ein  coagulates  even  more  readily  than  in  fresh  milk. 

A  high  temperature  facilitates  both  forms  of  coagulation.  Milk 
^Wch  has  become  acid,  but  which  is  still  fluid,  will  coagulate  when 
heated. 

In  addition  to  casein,  milk  contains  other  albuminoids,  one  of  which 
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in  all  of  its  clianicteristics  closely  resembles  serum-albumen,  ll  is 
present  iu  about  0.5  jwr  cent,  though  in  colostrum  it  ia  in  much  lafgtff 
percentage.  It  is  there  present  in  about  15  per  cent.,  but  mtmlly  Ji^ 
creases  for  about  four  weeks,  when  it  reaches  its  average  [lerceaUige  of 
0.5  per  cent. 

Wheti  the  plasma  of  milk  is  slightl}'  acidulated  and  boiled  itco»gfl» 
latea  between  70^  and  80*^  C.     Peptone  is  also  present  in  small  amount!^ 
as  a  transudation  from  the  blood. 

3.   MiLK-SuoAiu^M ilk-sugar  is  an  animal  carbohydrate  found  only 
in  milk  ;  its  av-eragc  pen-uiituge  is  4,5  \ivr  cent.,  varying  ftrora  3  to  T  |)€f 
cent     Of  all   the  constituents  of  the  milk  the  miJk-sugnr  is  least  infitt'. 
eneed  by  external  conditions.     It  is  found  dissolvetl  iu  milk-serum  and  in  I 
Tvhey,  whether  after  the  spontaneous  coagulation  of  the  milk  (acid  wliev) 
or  after  the  action  of  rennet  (sweet  whey).     It  may  be  obtained  by  cxa^  I 
ulatin^  milk  and  evaporating  the  whey  until  crystals  form.     It  ocean 
with  one  ninleenle  of  water  in  rhombie  prisms  soUible  in  from  five  to  six 
parts  of  cold  water  and  in  three  parts  of  boiling  water.     It  is,  the^efon^ 
\'ery  insoluble  in  comparison  with  the  other  forms  of  sugar.    It  is  onJj 
slightly  soluble  in  alcohol  and  writer,  and  is  not  rendily  crystaUiJsable, 

Its  formula  may  be  placed  at  C^IIjjO^  Heated  up  to  1(»0^  CJt 
loses  some  of  its  water,  and  may  thus  be  represented  by  th^  fonniili 

C„II„Ou. 

The  specific  rotation  of  milk-sugar  containing  water  of  crystalto 
tion  is  +  52.53^  at  20*^  C. ;  anhydrous  milk-sugar  =  +  81.3^.  WM 
warmed  with  alkalies  it  becomes  brown,  like  dextrose  (Moore^8test)|iiKJ 
likewise  reduces  Febling^s  solution. 

The  milk-augar  of  the  human  female,  the  cow,  and  the  goat  affTwin 
their  chemical  characteristics,  their  form  of  crystallization,  and  ibei' 
action  on  polarized  light. 

The  spontaneous  coagulation  of  milk  is  due  to  the  formation  O' 
lactic  acid  from  milk-sugar,  one  molecule  of  mtlk-eagar  forminc  ft""' 
molecules  of  lactic  acid.    The  formula  may  be  represented  as  follaw*^ 

CnH,,Oji  +  H,0=4(C,H,0.). 

When  lactic  acid  forms,  it  unites  with  the  alkaline  phospbutes  t** 
form  laetates  of  the  alkalies  and  acid  salts,  and  coagulation  i^nlroccoff 
when  all  the  alkaline  phosphates  have  lx,^n  converted  into  aciilsJiltA  ^ 
slight  further  development  of  lactic  acid  is  then  sufficient  to  cause ccij 
ulation. 

If  two  gksses,  one  containing  milk  and  the  other  a  pure  solatia** 
milk-sugar,  are  subjected  to  the  same  conditions,  after  a  few  ds*}^  ^^ 
former  will  contain  so  much  lactic  acid  that  the  milk  will  lie  coa^ulnw 
while  not  the  slightest  trace  of  acidity  will  be  found  in  the  miUt'*'#^ 
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tolmion.  Tliis  proves  tbat  the  milk  contains  a  ferment  which  is  capable 
<rf  splitting  up  milk-sugiir  into  hic-tic  acid.  Such  a  ferment  is  wkiely 
f distributed  in  the  an i mid  IkhIv.  It  may  be  often  extracted  from  the 
I  gnstric  mucous  niemlmiue,  and  is  ejitirely  distinct  from  peimin  or  the 
I  milk-curdliug  fennent;,  since  it  preserves  its  action  even  after  the  other 
ferments  are  destroyed  by  dibile  caustic  soda.  The  ferment  may  be 
olitainetl  from  milk  after  dialysis  by  precipitation  with  fdcohul,  and, 
i!Wr  dry ing,  dissolving  the  preei[>itate  in  water.  Such  a  precipitate  tviU 
co*gulate  milk  and  will  cause  the  dcvelopmeut  of  lactic  acid  in  solu- 
tions of  milk-sugar. 

This  ferment  lias  a  nentral  reaction  and  is  soluble  in  glycerin.  It  is 
destrtiyed  by  lH>iling,  ami  appears  to  regain  its  activity  when  treated 
with  oxygen*  This  would  indicate  tliat  it  is  a  ferment  generator  and 
not  a  true  ferment,  and  explains  why  boiled  milk  mny  lie  kept  longer 
than  unboiled  ;  wliile  tlie  fact  tluit  even  boiled  milk  will*  ultimately  eoag- 
iikte  is  to  l>e  attributed  to  the  subsequent  development  of  the  ferment 
tfirough  tlie  action  of  the  air* 

Increase  of  temperature  increases  tlie  activity  of  the  ferment  Milk- 
f^ngar  is  not  directly  fermentable  j  that  is,  it  cannot  be  directly  converted 
into  alcohol,  though  by  the  action  of  dilute  f^nlpluirie  or  hydrochloric 
acids  it  may  be  |>artly  transformed  into  a  fermentable  hictie  acid.  This 
process  is  concerned  in  the  manufacture  of  koumiss  from  mares ^  milk, 
which  contains  a  large  amount  of  sugar.  A  similar  fermented  liquid 
may  be  obtained  from  cows*  milk  through  the  action  of  the  jeast-plaut. 
4,  Fat  ajjd  Cream, — Fat  is  present  in  milk  in  the  form  of  minute 
globules,  the  average  percentage  being  3  to  3^  per  cent.,  although  it 
may  vary  from  2  J  to  5|  [ler  cent. 

The  following  fatty  acids  havel>een  found  in  milk:  Butyric, caproic, 
caprylic,  eaprinic,  myristic,  palmitic,  stearic,  and  oleic.  The  percentages 
of  palmitic,  oleic,  and  stearic  acids  vary.  So  the  melting  point  of  butter 
alao  varies,  as  does,  also,  its  specific  gravity.  Normally ,  the  melting  point 
T'-aries  from  32'^  to  37.5 '^  C. 

Cows'  bolter  contains  about  (58  per  cent  palmilin,  30  |>or  cent, 
oleiii,  and  2  per  cent,  otiier  fats,  the  solid  fats  apparently  being  more 
*i»nndant  in  winter  than  in  summer.  The  butter  may  be  separated  from 
1»ilk  by  mechanical  agitation  (churning),  the  enveloping  layers  of  casein 
^ing  thus  rnptured.  It  was  formerly  supposed  that  the  fatty  globule 
<>f  milk  had  a  solid  enveloi>e,  because  the  fat  d^ies  not  pass  into  solution 
*n  ether  unless  caustic  potash  had  lieen  previously  added.  At  most, 
liowever,  we  may  assume  tliat  the  fat  is  surrounded  by  an  envelope  of 
fluid  casein,  rendcre<l  more  consistent  here  than  elsewhere  by  the  mo- 
lecular attraction  exerted  by  the  fat-globules.  Casein  is  not  present  in 
tbe  milk  in  the  form  of  a  true  sohition,  but  rather  in  a  high  degree  of 
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imbibition;  so  the  effect  of  caustic  potash  is  to  enable  the  casein  to] 
into  solution,  and  so  render  the  oil  accessible  to  ether.  The  absence  of  1 
any  solid  eiivulo[>e  of  the  oil-globule  is  proveil  by  the  absence  of  anjrj 
such  funiKition  after  niechatiienlly  breaking  up  the  oil-globules,  whilt^  iliti 
proof  of  the  fact  of  non-solution  of  casein  in  the  milk  is  found  in  tJddl 
fact  that  when  milk  is  filtered  through  porous  earthenware  scarcely  tnjri 
cuiiein  passes  tlirough,  while  the  otiier  albuniiuotd.s  which  are  really  in  I 
sohition  do  so  puss.  Casein,  therefore,  in  milk  acts  like  the  gum  uraunlj 
the  oil-globules  in  an  urtilieial  uiucilage  emulsion. 

On  account  of  the  lighter  siweific  gravity,  when  milk  stnutU  thcgiJ-J 
glolmlcB  rise  to  tl*e  top  and,  accompanied  by  varying  amounts  of  tbr I 
other  constituents  of  the  milk,  constitute  the  cream ;  the  largest 
first,  wliile  the  smaller  ones  remain  susjiended  in  the  body  of  the  milk. 
The  ascent  of  the  cream  is  the  more  rapid  the  smaller  the  disl^inc*  the 
fat-globules  hava  to  traverse.     Hence,  cream  is  formed  more  rapidly  ifl 
broad,  shallow  vessels  than  in  tall,  narrow  ones.    Unless  the  tenj|jersture 
of  the  milk  is  constant,  currents  are  set  up  in  the  milk  from  the  dilfef- 
ences  of  temperature,  and  the  formation  a(  cream  is  delayed  tintil  llie 
entire  volume  of  milk  and  the  external  medium  are  of  the  same  lemperar 
ture.     Hence,  shallow  metal"  pans,  by  lca<ling  to  a  rapid  eipializatioD  of 
teniperntures,  arc  usually  employed  for  the  8ei>aration  of  the  creaoL  h 
the  milk  has  a  greater  volume  when  warm  tlian  when  cold,  the  cream  will 
contain  less  serum  when  the  molecules  of  the  fluid  are  further  separated 
from  eacli  other,     80  cream  formed  from  warm  milk  has  a  hi^fberf^f- 
centage  of  fat  in  a  small  volume  than  creaui  formed  from  coM  milk,  ftn*l 
the  higher  tlie  temperature  at  which  the  Ibrmation  of  cream  takes  plw-^ 
the  smaller  the  amruint  of  fat  left  in  the  skimmed  milk. 

If  the  cream  has  been  removed  from  milk  by  means  of  the  centn* 
fugal  machine  the  separation  is  much  more  complete  (often  oulj  ^-l 
per  cent  of  fat  remaining  in  tlie  milk),  while  the  milk  remains  9i 
instead  of  Wcomlug   sour,  as  ordinarily  uccurs   in  the  nsuwl  nietbtKl'^ 
separating  the  cream.     Skimmed  milk  so  obtained  is,  theTe((jTe,an'o'*  ' 
v^aUiable  food,  since  it  still  contains  all  the  sugar  and  is  lessftptlop'^ 
duce  disturbances  of  digestion. 

The  addition  of  a  small  amount  of  water  facilitates,  the  ^iddition  w 
salt  interferes  with,  the  separation  of  the  cream. 

The  folhDwiDg  table  represents  the  composition  of  cream:— 

Wilier.  .......  ni  «T 

Far, ;;:{43 

Cas.ein, 2.»ii 

Sugar, .        .        .  I  o(i 

Suiis on 

By  the  process  of  chuniing,  which   is  only  effective  after  ll»cBwi* 
has  become  slightly  acid,  only  about  two  thirds  of  the  fat  arc  removJi 
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the  otiier  tliird  remains  in  suspension  in  the  buttermilk.  Churning  is 
best  acc'omplitihcd  at  about  14^  C,  witb  tliirty  to  forty  strokes  of  the 
chum  per  uiinnte. 

The  averri£re  composition  of  buttermilk  nitiy  Im  placed  as  follows : 
Fat,  0.50  to  0.T5  per  cent. ;  casein,  3.G0  per  cent ;  ailjumen^  3.1  per  cent ; 
fiugar,  0.52  per  cent, ;  ash,  0.52  i>er  cent, ;  water,  9LT  per  cent. 

The  amount  of  cream  which  may  be  obtaiiieil  from  milk  varies  very 
considerably  in  ditferent  animals  and  under  ditl'ereut  eonditiuiis,  ujid  wiU 
be  subsequently  referred  to. 

Usually  about  80  per  cent,  of  the  entire  amount  of  fat  contained  in  the 
milk  passes  into  the  cream,  and  if  the  average  percentage  of  fat  in  milk 
be  placed  at  3.5  per  cent.,  the  fat  in  cream  would  amount  to  2.7  per  cent. 

When  butter  l>ecomes  rancid  the  volatile  fatty  acids  arc  set  free  and 
acrolein  and  formic  acid  are  formed  from  the  glycerin. 

Skimmed  milk  has  a  higher  specific  gravity  than  nnskimnied  rnilk^ 
from  the  fact  that  the  lighter  ctinKtituents,  that  is,  the  oils,  have  been 
largely  removed.  The  speciiic  gravity  of  skimmed  milk  may  rise  to 
1037,  or  even  higher.     Its  composition  niay  be  placed  as  follows : — 

Water, 89.65 

Fati ".        .        .        .  0,70 

Casein, 8.01 

Sugar 5  73 

BttltB, 0.93 

5,  Tin  IsoRHANic  Constituents  of  Milk. — In  addition  to  the  albn- 
ninoids^  fats,  and  carbohydrates  contained  in  milk,  tlie  mineral  eoustitu- 
Qts  necessary-  for  the  Bnpport  of  the  animal  body  are  also  present, 
heir  average  amount  being  about  as  follows: — 

Phosplioric  acid, 28  31 

Cldimrn%          . l^M 

Calcium  oxide 27.00 

Pot!i*iKiurii, 17  34 

Sodium mm 

Haj^aesium 4.07 

Ferric  oxide 0.tt2 

Oxygen,  nitrogen,  and  carbon  dioxide  are  also  present ;  and  since 
these  gases  may  Im  entirely  removed  by  pumping,  they  are,  therefore,  in  a 
<^ondition  of  solution  in  the  milk. 

Nitrogen  i^  present  in  0.7  vohimes  |>er  cent. ;  oxygen,  0.1  per  cent. ; 
*^Thon  dioxide,  7.7  |>er  cent. 

C.   Variations  in  the  Quantity  and  Composition  of  Milk.— The 

^.Tiations  which   occur  in  the  qoantitj  and  composition  of  milk  are 

^r^tdy  dependent  on   the  quantity  and    composition  of  the   food;    ii»- 

*HfHcient  foocl  leads  to  a  reduction  in  both  the  absolute  quantity  and 

olid  constituents  of  the  milk.     In  addition  to  these  conditions,  to  be 
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studied  in  detail  directlVf  the  amount  and  character  of  the  mitk  depcntU 
largely'  upon  tlie  period  of  pregnancy  and  snckllng^,  as  tht^re  is  a  close 
sympatliy  between  tlie  secretion  of  the  iimminary  ghinds  and  tlie  genitil 
organa,  Tlie  period  of  activity  of  the  tnnmmary  gland  is  ijiaugitnlM 
shortly  bcr*»re  the  lirst  birth,  and  shortly  thereafter  fields  the  krgeit 
amount  of  secretiun,  which  in  the  best  Dutch  cattle  nia^M^  as  hirge  ii 
30-35  liters  eaeli  day*  This  maximum  persists  for  several  week§t  ami 
then  commences  gmdually  to  decline,  there  being  a  continual  and  grsidiial 
rehitive  increase  in  the  albujiiinoida  txnd  a  decrease  in  the  fats  and  sii^r, 
nnd  at  the  end  of  the  tenth  month  only  one-quarter  or  one-*ixth  as  luucli 
milk  is  secreted  as  at  tirst  During  the  first  ten  months  of  laetaliou  in 
the  best  cows  more  than  6000  liters  may  be  secrete<l ;  fairly  good  cows 
will  form  3000  liters,  and  poor  cows  not  more  than  1000  liters  of  milk  in 
the  same  time 

Quite  frequently  good  cows  will  yield  as  much  milk,  nearly,  after  ka 
months  as  in  the  first  week  after  birth. 

Colostrum  is  far  richer  in  solids  than  tbe  later  secretions  of  milk. 
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Colostrum  contains  3.3  per  cent,  salts,  and  it  therefore  fallows  tint 
the  percentage  of  casein  mti.st  be  IL2  per  cent, 

Tbe  quantity  of  milk  depends  upon  the  breed  of  cow.  Soinei*!** 
are  good  milkers,  wdiile  others  are  better  as  meat  producers  and  IteiM^i^^^ 
burden.  Nevertheless,  the  quantity  of  milk  is  directlj^  proportion*t< to 
the  degree  of  development  of  tJie  mammary  gland.  Even  in  two  co^ 
of  the  sfitue  lireed,  and  on  pixicisely  the  same  food,  the  amount  of  mi'^ 
secretion  will  depend  upon  the  degree  of  development  of  the  gbtidiil^f 
tissue. 
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The  following  table  gives  the  average  milk  given  by  different  breeds 
Ash  and  English  cattle  (Schmidt-Miilheim): — 

English  Cattle. 
B^ed.  of'SSSSon.    Total  Milk. 


270  days.  2160  quarts. 

240     •*  2520 

255     "  8060 

240     "  2880 

270     "  8465 


1.  Bhorthoms  (WilUhire),     . 

2. 

a  "  "  . 

4.  CT088-bred  (Cheshire), 

5.  Yorkshire 

6.  Half-bred  and  Shorthorns  (Cheshire),    240     "       2640 

7.  North -bred  and  South  Devon,  Jer- 

seys and  Shorthorns  (Devon),        .    820     '*       8840 

8.  Yorkshire  (Hunts) 240     "        1440 

9.  Half-bred  Yorkshire  (Hunts),    .        .    180     "       2520 

10.  Hereford, 240     "        1920 

11.  Yorkshire  (Surrey) 270     "       8240 

12.  Shorthorns  (Yorkshire),    .        .        .    235     "       2142 

Average, 250     "       2652      *' 

Irish  Cattle. 
Breed.  of^L^SSSon.     Total  MUk. 

1.  Cross-bred,   Durham,   and  Ayrshire 

(Kerr>') 285  days.    1995  quarts. 

2.  CroBS-bred,    Irish,     and    Shorthorns 

(Limerick) 270     "        2430      " 

8.  Half-bred,  Shorthorns  (Cork),  .        .    270     "        2700      " 
4.  Cross-bred  (Cork) 270     "        2970      " 

Average 274     •*        2524      « 

As  the  milk-glands  in  the  cow  weigh  onl}'  about  five  kilos,  with  24  per 
^^Tlt.,  or  1.2  kilos,  solids,  it  is  evident  that  each  gland  produces  two  and 
*  balf  times  its  own  weight  in  solids. 

Goats  give  one-lialf  to  one  liter  of  milk  daily. 
Women  produce  one  to  one  and  one-third  liters  of  milk  dail3\ 
The  milk  of  different  breeds  of  cattle  varies  not  only  in  quantity, 
^^t  also  in  quality.     As  a  rule,  the  milk  of  the  Dutch  cattle  contains  the 
^^T-gest  percentage  of  fat  and  albumen ;  then  come  the  Swiss  and  T^ro- 
^^^n  cows  and  Normandy  cows  with  greatest  percentage  of  solids. 

The  composition  of  milk  also  varies  according  to  the  stage  of  lacta- 
tion, casein  and  fat  increasing  in  women  up  to  the  second  month,  while 
^Ugar  decreases  even  in  the  first  month. 

In  five  to  seven  months  fat  decreases.  Casein  decreases  after  the 
^Inth  to  tenth  month.  Salts  increase  in  first  five  months  and  then 
^lecrease. 

In  goats  casein  first  sinks,  then  remains  constant,  and  then  increases, 
^at  gradually  decreases. 

So,  in  dogs,  albuminous  diet  increases  the  fat  in  milk.    This  influ- 
ence is  less  marked  in  cows.     Fat  in  food  appears  to  decrease  the  fat  in 
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milk  if  there  is  an  insuflicient  amouut  of  nlUutuen  given  at  the  some 
time. 

Carbobyd rates  in  food  of  camivora  appear  to  be  witioat  infloeaee 
on  amount  of  milk-sugar.  Also^in  herbivora,  milk-daga.r  de|)ends  for  tU 
origin  principally  on  the  albumen  of  the  food. 

Tbe  mude  of  living  is  of  the  greatest  influence  on  the  milk  seerution. 
When  a  large  quantity  of  milk  is  desired,  the  animals  must  reuuLin  per 
fectly  at  rest,  as  every  excitement  or  nio%'ement,  even  of  the  aiiimals' 
body  muscles,  decreases  tlic  milk  secretion.  When  the  animals  are  (xrr- 
feetly  motionless  the  greater  part  of  the  blood-stream  fUisses  througli 
the  glandis,  and  vice  versa.  So  a  much  smaller  quantity  of  milk  is  pro- 
duced by  grazing  than  by  stall-fed  animals,  and  it  has  lieen  fuunci  that 
even  leading  cows  out  to  driok  decreases  the  amount  of  milk. 

The  ft?eding  has  also  a  certain  influence  on  the  eomposition  of  thi 
milk;  to  produce  a  large  quantity  of  good  milk,  the  animal,  naturaOj, 
must  receive  enough  food  to  maintain  a  good  condition.  If  a  jH>or  food 
is  given  the  milk  will  not  be  very  seriously'  influenced,  nor  will  a  rici 
food  increase  the  qnatitity  of  milk  to  any  great  extent.  The  milk  secre- 
tion is  far  more  closely  dependent  on  the  breed  of  cattle  than  on  the 
feeding;  a.  certain  maximum  whicb  is  peculiar  to  each  iudivi«lu:il  ciinuot 
by  any  artificial  means  be  increased. 

Water,  of  all  foods,  seems  to  have  the  greatest  influence  on  Ue 
composition  of  milk*  When  large  quantities  of  water  have  l>een  thmK 
the  milk  contains  a  higher  percentage  of  water.  The  amouot  of 
albuminoid  constituents  of  the  food  eaterts  gn^at  influence  on  l^oti 
the  eomposition  and  quantity  of  the  milk.  An  increjise  io  the  |>n> 
teids  in  the  food  increases  tbe  totil  qimntity  and  solids  oftbemil't* 
the  fats  being  relatively  more  increased  than  the  alliuminoids.  is  la 
illustration  of  thest^  facts,  Weiske  has  found  that  a  goat  which  on  a 
diet  of  one  thousand  five  hundred  grammes  potatoes  and  three  humlriMt 
and  seventy -five  grammes  cboiqied  straw  secreted  seven  Limdre^l  a»»«1 
thirty -nine  grammes  milk,  secreted  one  thousand  and  filYy-fonr  gnuunw^ 
milk  when  two  bund  red  and  fifty  gnimmes  of  meat  residue  w.n5  a*l»l<*l 
to  the  ration  J  the  fat  in  the  milk  increasing  from  2.TI  per  cent,  to  3.U 
per  cent.  In  ciirnivora,  also,  a  rich  proteid  diet  leads  to  the  prodttctk* 
of  a  copious  secretion,  which  mav  be  almost  completely  arn^std  ^ 
eorillnement  to  a  carbohydrate  diet.  In  the  human  feroatc,  »  n*^ 
albuminous  diet  leads  not  only  to  an  increase  in  the  amount  of  iwfc 
but  also  of  its  solid  constituents,  as  is  seen  in  the  following  tables- 


Water. 

Bolids. 

Fat*. 

Ca^in. 

On  scanty  diet.  .        ,        .     014.0 
One  week  latur  iifter  abun- 
dant meat  diet,       «        .     880.6 

80,0 

8.0 
SIO 

35,5 
37.S 

45A 

MAMMARY  SECRETION.  623 

In  herbivora,  caniivora,  and  omnivora,  therefore,  the  same  general 
nle  holds,  that  an  increase  in  the  albuminous  constituents  of  the  food 
iMieases  both  the  total  amount  of  milk  and  its  percentage  in  fats.  In 
cows,  however,  it  is  to  be  noted  that  the  relative  percentages  of  casein 
and  fat  are  not  dependent  so  much  on  the  amount  of  albumen  of  the 
CmmI  88  on  the  breed  and  individual  characteristics.  The  influence  of  the 
&tty  constituents  of  the  food  on  the  composition  of  the  milk  is  less 
■uked. 

It  will  be  shown,  under  the  subject  of  Nutrition,  that  the  addition 

of  fat  to  the  food  serves  to  reduce  the  waste  of  tissue-albumen,  and 

therefore  permits  the  deposition  of  nitrogenous  tissue-constituents.     To 

tkig  extent,  by  yielding  a  greater  supply  of  albuminous  bodies  to  the 

fiindnlar  epithelium,  a  fatty  diet  maj'  help  the  milk  secretion,  but  not, 

•a  will  be  shown  directly,  by  an  immediate  transfer  of  the  fat  of  the  food 

to  the  milk.    In  fact,  the  addition  of  fat  to  the  food  even  seems  to  reduce 

thetmonnt  of  butter  in  the  milk  if  the  amounts  of  albuminoids  in  the 

ibod  are  not  amply  sufficient  for  the  nutritive  needs  of  the  economy. 

When,  however,  the  albuminoids  and  other  constituents  of  the  food  are 

miple  for  preserving  nutritive  equilibrium,  the  further  addition  of  fat 

will  increase  the  percentage  of  butter  in  the  milk. 

The  milk  secreted  at  different  hours  of  the  day  shows  certain  con- 
stant, though  small,  variations  in  composition. 

Morning  milk  has  the  largest  percentage  of  water;  midday  milk  the 
mallest. 

In  100  Parts.  Morninjc.  Noon.  Evening. 

Water, 88.46  88.16  ^8.30 

Solids 11.54  11.84  11.70 

Butter. 2.69  2.94  2.82 

Milk-sugar,         ....  4.87  4.90  4.87 

CaBein, 8.15  3.27  8.21 

Salts 0.828  0.725  0.802 

So,  also,  the  first-  and  last-drawn  portions  of  milk  have  different  com- 
petitions.     The  last  portions  have  more  solids,  and  esi)ecially  more  fat, 
^*^n  the  earlier  portions.     A  difterence  of  four  hours  in  time  of  milking 
^Hkes  this  most  apparent.     It  has  been  attempted  to  attribute  this  differ- 
^^fje  to  the  rising  of  the  cream  in  the  udder  of  the  cow,  just  as  occurs  in 
^tlk  standing  in  a  vessel  outside  the  body.     The  same  diirerences  ma}', 
*^Owever,  be  made  out  in  human  milk,  where  this  mechanical  explanation 
e^n  have  but  little  force.     It  must  not  be  forgotten  that  in  milking  not 
^Uly  ready-formed  milk  is  withdrawn,  but  during  the  act  new  milk  is 
Secreted,  and  it  is  quite  warrantable  to  suppose  the  cell  processes  which 
t^ult  in  the  production  of  the  solids  of  the  milk  are  less  active  in  the 
pauses  than  during  the  act  of  milking  or  suckling,  when  the  process  is 
stimulated  from  the  irritation  of  the  nipples. 
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Quantitative  Compo8ITion 
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f.  The  Seciietiom  or  Milk.— The  mnmmfiry  glandA  belong  to  the 
type  of  eompuuml  rvcinoiis  glands,  nmi  are  construoteii  on  ft  shiiiUr  |ilaa 
to  the  salivary  glaiuls.      The  alveoli  are  lateral  ex|)ansioiis  at  tlie  Utrml- 
nations  of  the  excretory  ducts  and  are  formeil  of  a  closeil  inemliriiie 
covered,  as  la  also  the  case  with  the  ducts,  with  a  single  layer  of  eelb, 
whose  appearances  vary  according  to  the  stage  of  activity  of  the  gLimU 
The  secretor^^  cells    are   composed  of   polyhedral    cellular  stnictiirrs 
containing   a   round   nucleus    and   usually  a  varying   number  of  oiij 
globules.     During   tlie    stage    of  greatest   activity  the   secretory  ot\h 
increase  in  size,  tlie  nucleus  often  is  apparently  reduplicated,  and  ibe 
number  of  oil-globules  greatly  increased*     la  active  secretion*  during: 
ftijieh  the  oil-globules  and   cell-contents   appear   to  be    extnal^d,  ik 
remaining  cells  are  much  smaller  and  only  contain  a  single  nucleus,  Tlic 
excretory  ducts,  which  are  short,  are  likewise  8up])lied  with  flat  epilljflisvl 
cells  and  terminate  in  a  canal  which  in  each  part  of  the  gland  Wcoinci 
enlarged,  especially  at  the  base  of  the  ni[Tple,  where  it  l»ecowf5  dlhted 
to  form  the  so-called  milk-cistern,  which  is  connected  at  iheextericrby 
several  canals  which  open  at  the  end  of  the  nipple  (Fig.  260).    Tin* 
cistern  is  lined  with  a  mucous  membrane  composed  of  cyrmdricai  f|W- 
thelial  cells  (Fig.  2ril).     In   the  canals  and  in  the  nipple  tbe  epitljciiil 
coat   becomes   converted   into    fmvement    epithelinm.      The   excretonf 
canals  are  abundantly  supplied  with  unatripcil  muscular  fibres,  wliii 
the  Oldening  into  the  nipple  l)ecorae  developed  into  strong  circular 

It  is  evident  (Vom  the  conipositton  of  milk  that  its  most  imjxjrUint 
constituents  must  result  from  a  special  cell  activity,  since  neilber cafieii 
nor  milk-sugar  are  found  iu  the  blood,  and,  although  fat  is  a  consUot 
constituent  of  the  blood » the  amount  in  comparison  with  thai  foond  iB 
the  milk  is  almost  infmitesimab  It  follows,  therefore,  that  the  railk^lto 
the  other  see  ret  i«ma,  cannot  be  regarded  as  a  transudation,  but  is  a  re^tilt 
of  the  [protoplasmic  activity  of  the  epithelial  cells  of  the  mammaj^'^awli 
But,  further,  good  cows  may  yield  as  much  as  twenty-five  kilos  of  m3k 
daily,  containing  as  much  as  2.5  kilos  of  albumiiiaids,  Ikts,  and  sagf^ 


I 


■ 


Fro. aro.— Sectiox  of  the  Udder  ash  Nifi'le  of  the  Cow.    (Thnnhofftr,) 

ndk'dttoU ;  t*  a*etioa  nf  iphiactar  maiel* ;  £h,  oxt«nuil  iklJi ;  Irt,  tukrrow  nulk-diict  in  lh«  6il[(|il«. 

!ely  froni  the  secreting  cells,     Thi8  would,  however,  require  an  incred- 

^y  rapirl  cell  growth,  ;ind  we  nre  compelled  to  assume  that  although  the 

fowlh  and  disappeftranee  of  the  secret! nsj  cells  is  of  the  greatest  im- 

E)rtance  in  furnishuig  the  organic  eonstityeiits  of  the  milk,  these  sub- 

*^iices  arc  not  derived  solely  from  the  breaking  down  of  the  cells,  but 
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that  in  their  functionnl  activity  they,  to  a  certain  extent,  Bimply  modiry 
certain  substanc'es  alrcmly  existing  in  tlie  blood  and  lymph. 

As  rej^anls  the  produetiou  of  the  fat  of  milk,  oil-globules  may 
seen  to  collect  in  the  epithelial  cells  and  escape  into  the  excretory  4uct«, 
either  by  a  breaking  up  of  the  epithtilial  cells  or  by  a  process  of  coiitrw- 
tton  simikr  to  that  observed  in  the  amadm  in  the  process  of  ejwtiuj 
the  residue  from  digestion.     The  origin  of  the  fat  is.  without  doubt,  in 
process  of  fatty  degeneration  of  the  protoplasmic  cell-contents,  for  dii 
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amount  of  fat  contained  tn  milk,  so  far  from  being  increased,  tsi 

dtminislied  by  an  increase  of  fat  in  the  food ;  while,  further,  the 
milk  do  not  ncccHsarily  coincide  in  nature  with  the  fats  of  the  food, 
the  other  hand,  an  increase  in  proteid  diet  increases  the  amount  offrt*  j 
the  milk*      In  microscopic  examination   of  the  epithelial  celUoflii* 
mammary  glands,  oil-globules  may  be  actually  seen  to  increase  in  ^ 
and  number  until  often  the  protoplasmic  contents  becoiae  almost  eaurf/ 
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pplaced  by  oil-globules,  wliirh  entirely  agree  in  their  eUamctcrtstics  with 
lie  uil-globyles  fouiKl  in  milk.  So,  also,  In  feetling  aidumts  on  highly 
Ibiiminous  diet  they  may  even  be  ficeii  to  incrL^ane  in  weight,  while  at 
le  ftame  time  more  fat  is  removed  in  the  milk  than  eon  Id  be  taken  in  the 
>od,  while  the  inerease  in  weight  indicates  I  hat  the  origin  of  fat  is  not 
"001  the  adipose  tissue  of  the  bod^'.  On  the  other  hiind,  it  is  inipo&.sible 
lat  in  the  herbivora  the  Tut  of  the  milk  should  be  derived  from  the  break- 
ig  up  of  albuminoids  in  the  ghuid,  for  the  total  amount  of  ailmminoids 
reaking  up  in  the  body  is  iusuOicieut  to  fiiruish  the  fat  removed  in  the 
Ittnmiary  fleeretion.     Part  mu^t,  therefore,  be  derived  from  the  blood. 

As  regards  the  eawein,  this  substaiiee  is,  without  doubt,  developed 
I  the  exi>enae  of  the  albuminous  eell-con tents,  since  it  is  abijent  from  the 
lootl,  the  alkali  albuminate  luring  directly  derived  from  the  breaking 
ow»i  of  the  jirotoplasm,  while  the  nueleiu,  wlueh  is  to  be  regarded  as  a 
omitant  eomponent  part  of  the  casein,  is,  without  doubt,  derived  from 
be  nucleus  which  disaj^pears  in  the  process  of  secretion.  This  con- 
ersion  of  the  albuminous  contents  into  casein  is  still  further  evi<leneerl 
y  the  fact  that  the  proportion  of  casein  in  the  milk  deixuids  upon  the 
<?gree  of  perfection  of  cell  activity.  Thus,  in  the  earlier  stages  of 
LCtation,  in  the  formation  of  colostrum,  the  amount  of  albuminoid 
iJitter  contiiine<l  in  tlic  milk  is  greatly  in  excess  of  the  amount  eontaineii 
I  milk  after  hietation  has  become  thorouglily  estabiishoil,  while  eoinci- 
&ntly  with  the  decrease  in  albumen  there  is  a  proportionate  inerease 
i  the  percentage  of  casein,  A  ferment  has  even  been  extracted  frum 
ic  mammary  gland  which  possesses  the  power  of  converthig  all>umen 
ito  casein. 

H  The  origin  of  milk-sugar  is  less  clearly  established,  although  it  also 
^Bs,  without  doubt,  to  originate  in  changes  occurring  in  the  proto- 
Hlnic  contents  of  the  epithelial  cells  of  the  mammary  gland.  For  the 
Bouut  of  sugar  in  the  milk  is  entirely  indt*j>endcnt  of  the  amount  of 
fcrbohydrate  constituents  of  tlie  food,  and  rcinitins  uncliaraged  even 
^Hen  animals  are  fed  on  a  purely  meat  diet.  It  would,  therefc*re, appear 
fcat  the  milk-sijgar,  casein,  and  fats  are  all  formed  by  the  direct  activity 
^f  the  epithelial  cells  as  a  result  of  the  decomposition  of  their  proto- 
lic  contents  or  their  action  on  the  food-constituents  in  the  blood. 
[The  other  constituents  of  the  milk,  the  water  and  salts,  evitlcntly 
(It  from  a  direct  process  of  transiulation  from  the  blood,  with  the 
Ifeptitm  that,  without  doubt,  a  certain  percentage  of  the  potassium 
land  phosphates,  like  the  s[it»cific  milk-constituents,  originate  in  the 
Imorphosis  of  the  iirotoplasm  of  the  8eeretor\'  cells. 
I  The  process  of  secretion  of  milk  may,  therefore,  be  regarded  as  a 
ess  of  molting  of  the  epithelial  cells,  which  undergo  decomposition 
l|^  discharge  the  resulting  products  into  the  excretory  ducts. 
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According  to  the  results  of  Heklenhain,  the  bistological  appear 
of  the  cells  of  the  mammary  glands  dilfers  according  as  they  .ire  esamindl 
at  the  commencement  or  termination  of  secretion  or  while  the  socrelioo 
is  at  its  height. 

In  the  first  stage  of  secretion  the  cells  are  flattened  and  lie  agaiintl 
the  widls  of  the  alveoli,  of  which  they  may  lie  regarded  as  fonami;  • 
protoplasmic  baunchiry.  Their  nuclei  are  at  this  period  spindle-forro^ 
lying  close  to  the  contours  of  the  cells,  scarcely  detectable  on  exjimit»» 
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lion  in  transverse  section.  Seen  from  above,  however,  the  epithefisl 
cells  are  fonnd  to  he  polyt^oual,  and  each  containing  a  rotmd  aiideu^ 
In  the  terminal  period  of  secretion  the  cells  may  be  found  to  Imvcgrraitif 
increased  in  size,  possess  one  to  three  nuclei,  and  contain  in  the  portioni 
directed  toward  the  alveoli  large  numbers  of  fat-globules.  Often  ih* 
cells  may  be  seen  to  umlergo  subtlivislon,  a  part  falling  free  into  tbe 
alveolus  (Figs.  262,  2 C3,  and  2G4).     Between  these  two  extreme  periwli 
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various  intermediary  stages  may  be  recogniised.  From  these  histologied 
changes  Ileidenhain  conclndes  that  in  tbe  formation  of  eolostrtttn  th« 
epithelial  cells  are  not  dissolved,  and  that,  therefore,  the  eolofttram 
coqniscles  are  not  fatty,  degenerated  epithelial  cells,  but  that  only  tbe 
free  end  of  the  epithdial  cells  with  their  contained  oil-globules  is  liber- 
ated:  that  the  broken-tiown  jirott^jlasm  becomes  dissolved  iu  tbe  milk, 
and  the  fat-globulcij  are  thus  set  free. 
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As  regards  the  influence  on  the  mammary  secretion  of  the  nervous 
0mem,  while  certain  data  have  been  clearly  eatablisbed  (thus,  the 
ififlttenee  of  the  emotions  on  the  mammary  secretion  is  well  known),  the 
pt>cess  is  by  no  meana  so  thoroughly  understood  as  is  the  case  as  regards 
Ibe  saiivarj  secretion. 

It  la  well  known  that  the  maintenance  of  the  milk  secretion  is  closely 
dependent  upon  periodic  emptying,  whether  by  sriuckling  or  milking,  of 
Ikiff  milk-gland,  ami  the  question  arises,  What  connection  is  there  between 

I  lliis  emptying  of  the  gland  and  the  act  of  si-t-retion?  Does  the  reduced 
internal  pressnre  which  Ibllows  cmjityiiig  the  gland  nhirb  the  secretion 
inew,  or  does  the  act  of  suckling  or  milking  stimulate  the  secretion 
rtfleidy?  It  is  clear  that  when  the  milk-<hictH  and  cisteiTi  arc  lillcd  with 
W  the  activity  of  secretion  mnst  be  reduced,  and  when  the  gland  is 
emptieil  by  milking  it  again  liils  itself,  at  first  rapidl}',  and  then  more 
wd  more  slowly ;  but  that  this  augmented  secretion  is  not  lUie  solely  to 
decreased  internal  pressure  is  evident  from  tiie  following  fects :  Tlie 
caritics  of  the  milk-gland  of  the  cow  are  capable  of  containing  about 
%ee  thousand  cubic  centimeters  of  tluid, — ^a  quantity  very  much  less 
than  nmy  be  withdrawn  from  the  mtlk-ghin<l  in  a  single  milking,  so  that 
evidently  during  niilking  renewed  secretion  is  excited  even  liefore  the 
gknil  is  emptied,  and,  as  is  well  known,  frequent  milking  increases  the 
total  milk  secreted.  It  would,  therefore,  appear  that  this  renewed 
aeeretion  is  pro<luced  reflexly  from  stimulation  of  the  nipple  in  a  manner 
Iq  lie  descri  I yed  <l  i  rec tly. 

The  first  stimulus  to  tlm  activity  of  the  mammary  glands  is  found 
UftuaHy  coincident  with  the  birth  of  young,  although  the  gland  even  for 
several  days  before  hirth  is  the  seat  of  a  more  or  less  active  secretion. 
In  this  way  the  connection  between  the  generative  organs  and  the 
mammary  glands  is  clearly  indicated. 

The  influence  of  the  nervous  system  on  the  secretion  of  milk  haa 
"been  especially  studied  by  Ru'hrig. 

The  mammary  gland  is  innervated  in  quadrupeds  (in  addition  to 
the  ileo-inguinal  nerve  distributed  to  the  skin)  by  the  external  siK-rmatic 
[  nerve.  This  nerve  originates  from  the  hunbar  portion  of  the  spinal  cord 
aiid  passes  out  lietween  the  greater  and  lesser  psoas  muscles,  dividing 
in  the  pelvis  into  three  branches,  of  which  one  is  distributed  to  the 
abdominal  muscles,  while  the  other  two  leave  the  abdominal  cavity 
throagli  the  femoral  ring  accompanying  the  crural  artery,  and  then, 
following  the  course  of  the  external  pudic  artery,  are  distributed  to  the 
mammary  gland.  These  nerves  may  l>e  sfiokeu  of  as  the  middle  ami 
inferior  bmnches  of  the  external  s|ieruiatic  nerve.  The  middle  branch 
divides  at  the  base  of  the  gland  into  three  twigs:  first,  a  small  filament 
irhich  follows  the  course  of  the  pudic  artery-  iind  is  lost  in  its  walla ; 
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second,  a  much  larger  branch,  termed  the  papillary  branch,  which 
dbtribiited  to  the  nipple;  third,  one,  or  occnsionally  two,  gl^ndul 
branches,  which  are  sitp|)lied   to  the  walla  of  the  milk-ducts  juid 

cistern. 

According  to  Rohrig,  section  of  the  papillary  branch  pro<liw«a 
change  in  the  milk  secretion,  bnt  simply  causes  relaxation  of  the  ni|>p 
Irritation  of  the  peripheral  end  of  this  nerve   causes  erection  of 
nipple  without  ehan*ie  of  glandular  secretion,  while  irritation  of  the 
tral  end  of  thi:^  nerve  produces  consicj tumble  increase  in  the  secrftian. 

Section  of  tbe  glandular  bmnch,  on  the  other  hand,  pro<luct?s  sh 
in^r  of  the  amount  of  secretion  by  causing  relaxation  of  tlie  waUsiof  I 
duct,  while  stimulation  of  this  nerve  may  increase  twenty-fold  thci^t?i 
tion  of  milk  by  causing  eoutraction  of  the  milk-ducts  and  coDSi^qucfl 
discharge  of  their  contents. 

Section  of  the  iufenor  branch  produces  great  incrense  in  tlie 
of  milk  secreted,  while  the  stimulation  of  the  peripheral  end  of  M 
nerve  produces  sirrest  of  secretion. 

TIk^  explanation  of  these  two  classes  of  phenomena  are  umlerslooi 
til  rough  a  study  of  the  character  of  this  nerve.  The  median  lvio«*ii 
n  eomp<juntI  nerve  coni]K>se<l  of  both  Sensory  and  motor  fibres,  Uir  l*tt«t 
being  esjK'tMally  found  in  the  papillary  branch  distribut*?*!  tu  the  riippK 
while  the  glandular  branch  is  almost  solely  motor.  When  th<;  [lipiHiiy 
liranch  is  stimuhited  it  produces,  by  a  reflex  action,  the  ciMit 
the  uiuseular  fibres  of  tlie  excretory  dnct^i,  a  [id  so  causes  ib 
their  contents,  while  it  also,  in  all  j>robul>ility,  acts  through  the  infrnwf 
branch,  and  by  it  also  increases  the  amount  of  milk  formed  iti  a  miuiuf 
to  l)e  Tf  ferrcil  to  dirtH'tly. 

When  the  glandular  branch  is  stimulated  the  mnscular  fibrH<»^^ 
ducts  coutnict,  and^  although  no  more  inilk  may  be  actually  torw»^^ 
there  is,  nevertheless,  an  increase  in  the  amount  poured  out  li 
the  contraction  of  the  walls  of  the  milk-ducts. 

On  the  other  hauri,  the  inferior  branch  is  a  vaso-motor  oent,  Wl«i 
its  jx^rlpheral  termination  is  stimulated,  the  milk  secretion  Is  ^fl'** 
through  the  constriction  of  the  bltKHbvessels  su|»plie<l  to  ^ 

On  the   other   hand,  when  it  is  divided,  the    bloo<i- 
grently  relaxed,  more  blootl  i>a88e9  through  the  organ,  and  iiaaetii 
largely  increased. 

Whether  any  of  these  processes  are  assoeiatefl  with  the  ittifli 
true  secretor}'  nerves  is  not  known,  but  from  analogy,  from  wlia**^**' 
seen  in  the  case  of  the  salivary  gland,  it  may  be  assumeil  that  s««l»***| 
case. 

The  exphination  of  the  connection  long  known  between  tli^  n« 
ical  irritation  of  the  nipple,  as  in  suckling  and  milking,  and  Ibciflcffl** 
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secretion  of  the  gland  is  thus  €vklently  to  be  found  in  reflex  nction,  the 
afferent  impulses  passing  through  the  sen  so  r^^  nerves  of  tbe  nipple,  the 
aecretorj  impulses  passing  tlirough  the  inferior  brunch  and  the  glandular 
branch  of  this  nerve. 

It  is  thus  seen  that,  as  far  as  we  know,  the  mammary  secretion  ib 
dependent  upon  the  amount  of  blood  passing  through  the  glands. 
Changes  in  the  general  lilood  pressure »  by  modifying  the  blood  supply 
of  the  mamraary  ghind,  also  influence  the  amount  of  milk  secreted, 

Tlius,  various  suljstances  wbich  act  as  stimuli  to  the  vaao-motor 
centre,  and  so  prodtiee  increase  of  blood  pressure,  produce  likewise  an 
increase  in  the  amount  of  milk  secrtrted.  Strychnine  iu  small  amount, 
digitalis,  cafleiue^  and  pih>carpine  are  all  galaetagogues  and  probably  act 
in  this  way»  while  through  reduction  of  Wood  pressure,  as  bj  means  of 
chloral,  the  milk  secretion  may  be  considerably  reduced. 

8,  Milk  Tnspkction  AKt>  AwALTsrs. — Good  cows*  milk  ie  white,  with  a  faint 
yellowish  lint,  and  ouly  bluish  wlicn  diluted.  If  ii  drop  of  good  milk  is  placed  on 
I  he  thunili-nuil  it  riMaing  its  shape  instead  of  Bprt'jHh'njcf  out,  as  ocfurs  wlieii  diluted 
or  unhetihhy.  Milk  is  most  upt  to  he  iidu Iterated  with  water,  which  within  cer- 
tttin  Ihnits  may  be  detected  by  deteruiination  of  the  specific  gravity.  Unfikinujied 
milk  pi>^i4esses  a  hiirher  t^pecific  gnivity  tlmn  that  of  the  skitnuied  n^Hk  fn>ui  the 
effect  of  the  removtil  of  the  fals,  s*>  thai  n  lailk  from  which  all  the  creum  has  been 
nrijoved  might,  if  dependence  be  placed  upon  the  Hpceit^c  ^mvity  alone,  he  con- 
Dulered  as  a  better  speeimen  than  the  pure  milk.  The  average  sjieciflr  gravity  of 
normal  cows'  milk  may  be  placed  at  ahmU  li)W  at  tJO-  F,;  if  diluted  with  half  its 
vohinie  of  water  the  speciiie  gtuvit^y  will  fall  to  about  1014  or  lOlfh  As  a  conse- 
cjuence,  by  the  determiaation  of  s[>ecific  gravity  a  gene  rail  idea  may  be  obtained 
■  M^  to  how  much  water  has  been  added  to  diluted  milk.  The  following  table  may 
lierve  lo  assist  in  this  determination  : — 

With  witti 

RkiminedMilk.    rnHkiinmed  MiJU, 
A  specific  gravity  ol  lorj  u^  Km  or  Km  lo  im*  ludl<iate»  u  pnrc  milk. 

"  '*  Mm  to  !ir5*  nr  Krj*  tn  HKifi       *'      mitk  wltti  le  per  cent,  water. 

»»  "  ifet  tfi  lojis  or  MTJO  to  Kril       '*  *■       "*    '^)       **  ** 

**  "        KW!  oi  um  or  hm  t*j  itiao      ^'        *'      '*  iwj      ■*  ** 

1023  to  1U20  or  1(?J>  to  1017        *'  **        *'    4Q 

The  inslrnment  by  which  the  speeific  gmvity  of  milk  is  determined  is  nsnally 

Nermed  the  bti'tr*nietcr,  and  Biniply  consists  of  a  hydrometer  whh  a  scale  running 

|fitjtti  liKX),  wiiith  is  the  specific  gravity  of  distilled  water  and  is  marked  zero  on 

'  heiica1e«  to  lu;i4.  marked  120,  which  is  the  specific  gravity  of  a  rich  sample  of 

ftitk.     In  using  the  laetometer  special  attenti<m  must  he  paid  to  the  tdiysical 

characteristics  of  the  milk,  since  a  little  attention  would  readily  detect  skiinmed 

milk  from  unskimmed,  although  tlieir  specific  gravity  might  be  the  same.     In 

lUiflk    rich  in  cream   where  the  specific   gravity   might  he   abnormally  low,  ita 

^hyfticftl  appeamnee  and  the  fact  that  it  clings  to  the  instrument  would  eaable  it 

I  be  recognized,  while  watered  or  skimmed  milk  is  bluish  and  does  not  cling  to 

he  lactometer  ;  so,  if  a  sample  of  milk  shonld  read  above  110  on  the  lactometer 

riihom  manifestly  being  futl-lKxlied,  it  would    lie  only  fair  to  presume  that  a 

union  of  the  crearn  had  been  removed.     Jlilk  diluted  with  spring- water  may  be 

cognized  by  the  detection  of  nil  rales  in  the  milk.     Snlpliuric  acid  is  added  to 

Ihe  milk,  the'precipitate  filtered  oC  the  flit  rale  distilled,  and  nitric  acid  looked  for 

*  I  the  distillate.     This  may  be  readily  aeeomiilished  by  converting,  through  milk- 

llu^ar.  the  nitric  into  nitro'us  acid.     A  few  droj>R  of  pure  H^SO^,  potassiutu  iodide 

[•ohuiim,  and  boiled  starch  solution  are  then  added  to  the  distillate;  if  nitrous  add 

lli  present  iodine  i&  liberated  from  the  potassium  iodide  solution  and  the  starch  is 

Itolored  blue. 
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The  crefim  niayljo  roiij^^hlycletermiiicd  in  milk  by  placing  it  in  ti  tall  cjlindricil 
glafjs,  gmduatnd  into  one  hmidrcd  imrls  The  milk' should  be  allowed  U\  s^timd  in 
this  creiimometer  for  Iwcnty-IVmr  hours  aad  llie  volume  of  cream  ftrparaicd  oolbe 
surface  nuiy  ihcn  be  dtMcrmiiuHl,  one  gramme  of  cream  e<iUttliiig  mbout  tt.S 
griinimes  offaL  Ga«>d  cows'  milk  should  si'imnite  from  ten  to  Ultecn  voliuiicsaf 
cream.  Tliis  method  is,  however,  not  Ihorouh^rly  reliable,  since  dttTercut  jjk^I- 
meii3  of  milk  wil!  throw  iijv  thetrcioam  with  dilu-rent  degrees  of  readiness,  lit 
Becfind  method,  and  a  mucli  more  reliable  one,  of  determining  the  amount  of  Ikt 
or  cretuu  present  is  by  mcaTLs  of  the  lactosicopc.  This  instrument  consiMi  of  4 
little  cup  with  two  of  lis  sides  formed  of  two  parallel  plates  of  glai*?.  diMAOt  frrrtn 
each  other  halTa  ccnlimcler  For  apj>lyin*r  thia  test,  in  addition  to  such  a  glttws 
a  jar  j^radiifited  to  one  hundred  cubic  centimeters  and  a  pipette  of  three  cubic 
centimeters  iirc  needed.  Three  cubic  centimeters  of  milk  are  taken  and  shiikta 
up  well  with  one  !inndred  cubic  centimelerH  water  and  the  tnixlM 
in  the  glass  cup  with  the  ptinillel  sides  and  a  lighted  stearin  candle  ]i; 
from  it  in  a  dark  rocim.  It  at  the  first  exi>erimcnt  the  contour  oft! 
»evn,  the  milk  tb  (toured  back  into  the  hir^e  measure  and  a  further  me  > 
of  undiluted  milk  added  until  the  contour  of  tire  candle-tianie  is  ent 
The  percentage  ijf  fat  ia  tiien  detcnuined  by  the  foHowing  (V>rmula  :  il  jcquni 
the  percentage  of  fat  and  n  the  number  of  cubic  centimeters  of  milk  reqiiired.  tbtft 

23  2 
a?  equals  — ^  +  0.33,    Thus,  if  three  cubic  centimeters  of  milk  were  raquired  to 

obscure  the  light,  the  formtija  would  read :  !»^  -^  +  0.2S,  or^=7M,  lb<?  per 

o 

cent,  of  fat  in  the  milk.  Six  cubic  centimeters  of  pure  cows'  milk  with  one  hun^ 
dred  cubic  centimeters  water  shouhi  form  a  mixture  wiiicli  will  oliscure  the  candid' 
tianie  ;  if  more  milk  is  required,  then  the  milk  has  been  diluted.  Tims,  iirrlif 
cubic  centimeterB  indicate  5l>  per  cent,  water,  and  eight  cubic  ccntimcten?  «^«'0t 
30  per  cent,  w^ater.  The  following  table  gives  the  percenlages  of  fat  in  liicniJt 
when  the  aindle-flame  is  obscured  by  dilTerent  amounte  of  milk  in  Vogcl's  gila 
lOope; — 

S   cubic  ^centimeters  of  milk  imUcAte 

a.5 


4,0 
5.0 

as 

CO 
(1,5 
T.O 
7.5 
8.0 

«,U 
».5 
lO.CJ 
li.O 
12,0 
!«.(} 


7M  per  evut  of  fkL 


em 

4.45 
4M 

8.at 

SJS 

2tte 
2.m 

2^77 
2.66 

SI  43 

un 

aoi 
i.m 


Another  ready  method  of  estimating  the  fat  in  milk  is  by  meansof  MmreJwn^'* 
lactolmty  nunc  ten  As  improved  by  Caldwell  and  Parr  (^^wer.  t'Aewi.  /t^iif  «>♦  3f<>^- 
1885),  this  mettiod  is  iwrtormed  as  follows  :— 

The  instrument  emphtyed  consists  of  a  thick  glass  tube,  open  at  '-■ 
with  a  stem  six  cubic  centimeterH  in  dinmeter  and  twenty-three  ccnliiD*  > 
gnuluated  in  j\-,  cubic  centimeter,  and  a  bulli  about  eight  cenlimeler&  in  Ha 
and  of  such  xi  capacity  that  in  passing  from  the  lowest  graduation  on  xhf  i 
to  the  inner  end  <d'  the  stopper  in  the  tower  mouth  one  passes  from  flvr  t     ' 
three  cable  centimeters.    Then  the  ether  tat  solution  will  always  touif  \^ 
range  of  the  gnvdtiatiun  on  the  stem,     Clu.^ing  the  lower  mouth  w'i»i'  ^ 
ten   cubic  centimeters  of  the  weliinixed  sample  of  milk  are  del; 
well  dried  tube  from   a  pipette,  then   eight  cubic  centimeters  of  * 
stronger)  anVl  I  wo  cubic  centimeters  of  80  per  cent,  alcohoh     Chr^v  si 
moiitti   of*  the  tube  with  a  cork  and  mix  I  lie  liquids  by  thorough  ^h-^ 
violently  nor  prolonged).      Both  ccirks  iihonld  be   hehl  in  place  by  vi= 
during  this  operation,  and   the  upper  one  i^hould   be   once   or  twice  ' 
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nared  to  relieve  the  pressure  wHhin.  other  wise  It  is  apt  to  he  forced  out,  with 

Dusequenl  loss  of  material.     Lay  (he  tube  on  its  side  for  a  ft^w  ininuicH  aucl  Ihen 

ke  it  ttgain  ;  add  one  fiibie  t-entmieter  of  ordinury  amnioiim  dtUilt'd  witli  ahout 

'lis  volume  of  water,  and  m\x  as  hefore  hy  shflkhig  ;  then  add  irn  culiie  centimeters 

of  !^  per  cent,  alcohol  and  mix  agahi  thorougiily  hy  uioderatc  shaking,  holding 

the  tuhe  from  lime  to  time  in  an  inverted  position. 

Now,  put  the  tuhe  in  water  kept  at  40-'io  45-' until  the  etherfat  s^olution  sepa- 
rates; this  separation  may  be  has^tened  by  transferring  tbe  tube  to  cold  water 
ifter  ii  haj*  stood  in  th*-  warm  water  for  a  few  minutes,  and  then  relurnin;;  it  to 
the  warm  water  Finally,  transfer  the  tube  to  water  at  2(P  C,  and  a^  the  level  of 
tb  liquid  talk  in  tlie  intern  b}'  eoniraeiion  of  the  main  bocly  of  it  in  Ihe  bulb, 
gently  lap  the  side  of  the  tube  l>ek»w  ihi^  ethL*r-fat  sululion  to  dislodge  any  flakes 
of  *oliii  luailer  tbat  may  adhere  li»  the  mlti.  The  read  in  ^8  are  to  be  takm  from 
Ihelowes^l  part  of  thcBurface  menlKcus  to  the  line  of  separation  between  theclbcr- 
k solution  and  the  liquid  below  it. 

The  tbllowing  table  tiives*  the  pereenfap:es  of  fat  correg^pondin^  to  cacli  tenth 
fffi cubic  centimeter  of  ether-fat  solution  down  to  one  cubic  centimeter,  and  for 
escli  t  wen  l  let  h  f » f  a  c  u  b  ie  c  e  n  1 1  ni  e  t  e  r  t  h  e  re  a  ft  e  r : — 

ReAdiog. 
H.l). 

15.6 . 
10.0  . 
Itt.o , 

17  .*5, 
.0, 


Reading. 

Per  Cent  of  Fat. 

au.      . 

.       ,       .       ♦    L 

4,0. 

.       .       .       .    1.28 

50, 

.  hfr 

6^. 

.    1.71 

T.a.     . 

.        .        ,        .    Ltt5 

8L0,       . 

,    2.10 

a.0.     , 

.       .        .       .    Z4ii 

ma.     . 

.        .       .       .    2.67 

lU^.       . 

•       .        .       ,    2.7\* 

ILO. 

.    IIM 

11,5,       , 

.    ^M 

12.0, 

.    SJ5 

12. >.        . 

.        .        .        .    3/J7 

ld.(f . 

.   3,a9 

IH, 
IIKO  . 
20.U. 


Tills  method  has  been  applied  with  fairly  fiatisfactory  resulta  to  the  milk  of  a 
lienlrvfeows  receiving  bran  and  eotton-seed  meal  in  their  nit  ions,  ihe  tdijectiim 
^*t\]f  unreliability  of  tbi»  methinl  under  (liene  circuniKtances  being  overcome  by 
IbraM*  of  the  ammonia.  Various  other  forms  of  lactosioiie  are  used,  depending 
**»(he  proiierty  that  the  opacity  cd^  milk  varies  with  and  is  proporliomii  to  the 
'^iiirHinth  of  fats  present.  Skimmed  milk  contains  f^nmller  fat-^iilohules  ttian  intact 
'^Jlk,  and  ilils  eausei*  a  greater  rhuidini^ss  In  proportion  to  the  anmunt  of  fat  pres- 
*^ni  thun  I  lie  larjrc  ones.  and.  hence,  the  application  of  this  lest  to  Bkimined  milk 
^onld  give  a  higher  percentage  cd"  fat  tlian  tP  actually  [»resent. 

For  the  quantitative  estimation  of  the  dtffercjit  mrikronBtituents  the  following 
^rtlMnlg,  taken  from  Charles'si  "  Physiol ojijtcal  and  Pallmlo^ical  Chemistry, '*  are 
'«e  simplest  and  require  the  least  apparatus  ; — 

1.  The  S&Uds.—(j.}  To  ten  grammes  dry  sand  or  powdered  gypsum  add  five 
•^pbjc  eentimeicrs  milk,  then  dry  the  mixture  for  a  long  time  ai  ItKP  until  the 
^'^^iglit  is  constant.  The  increase  in  weiglit  m  equal  to  the  Bolid^^  in  five  cubic 
'^fttimeters  milk.  Supiwjse  this  to  be  -=0  5  gmmtne,  then  one  hundred  eubic 
^Utiineters  milk  contain  ten  gj-ammes,  or  10  per  cent,  solids  (Rauniliauer). 

Instead  of  five  cubic  centimeters,  ten  grammes  of  milk  and  twenty  grammes 
"*  dry  sea-sand  may  he  weighed  in  a  tared  capsule  of  about  fifty  cubic  centimeters, 
JJ'Hcl  evaponited  at  lOCP  untd  the  weight  is  constant.  When  quite  cold,  the  cap- 
•*lle,  with  its  contents,  is  weighed  in  a  desiccator  over  sultdiuric  acid. 
-  (ij.)  Place  a  little  milk  in  a  platinum  capsule,  and.  having  weighetl  it,  add  a 
^^^  drops  of  alcohol  or  acetic  acid  ;  evaporate  over  a  water  !mth,  dividing  the 
pOiigulum  against  the  siiles  of  the  dish,  and  dry  it  al  10<P  to  110^-'  until  the  weight 
**^ constant.  It  is  generally  completed  in  si.\  bours  (Gerber).  Cover  carefully 
^*^fore  weighing,  as  ilu'  residue  is  very  hygropeopic. 

The  total  solids  should  not,  as  a  ruk-,  be  nmeh  less  than  11,5  per  cent.;  cows' 
^llk,  for  example,  vnries  between  10.5  and  15  per  cent.;  less  than  this  indicates 
dilation. 

3.  llir  liutttr. — (j.)  Shake  the  milk  w*elL  and  to  twenty  cubic  centimeters  of 
■t  add  twentv  cubic  centimeters  of  a  10  pfr  cent,  caustic  potash  solution  and 
^lien  some  etlier  (9i.\ty  to  one  hundred  cubic  centimeters),  and  agitate  vigorously 
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ireiglii^d  lilhT,  wusli  it  wirli  8pirrt,  annBe^mRfBeWSunM 
ing;s  k*nvfs  no  fiKiiy  slain  on  paiXT  ;  i\ry  at  KKP  and  weigh.  Sufi 
of  tlii!  filfiT*  imd  tlrV  drffert*nre  muliiiiHed  by  o  gives  the  percent^ 
liUiiiJiu  milk.  |>m  ipitatt^  ilie  casein  by  siilurating  witli  nm;jjnesic 

(6)  Tlie  filtrate  iVom  th«  casL'in  pruripitate  is  t*i  be  concenj 
bulk  ov(*r  a  wjiter-bjiM*  und  iin  acetre  acid  tannin  soluiion  addd 
pre^'ipltate  <*cciirs  ;  at^er  the  precipitute  has  settled,  collect  it  Olll 
wlieri'  it  i8  ti>  be  waslictl  with  dilute  spirit  until  the  filtmte  isivesi 
with  ft'rric  chloride  (indloatint?  absence  of  tiinnin)  ;  dry  now  ntj 
The  wei^ii^bt  mult i| died  by  5  gives  the  pereentasre  of  nJbLimen.      j 

In  rrtWK'  iiiilk  liieruHein  varies  between  3.3  nud  U  jwr  cen 
albuinenB  (roin  113  to  i)A  per  cent.  In  diseased  milk  the  cuftetn  | 
0.3  per  cent.,  and  Ihe  other  uUHnnens  as  l»i^h  as  lb  per  cent.        j 

(ij,)  (n)  Tvn  eubie  cent  i meters  milk  are  diluted  with  one  hi 
limetera  distilled  water  and  well  mixed;  a  copper  solulion,  mi 
sixty -three  and  tlve  tenths  grammes  of  cupric  sulphate  in  one| 
then  added  j^lowly  with  stirring  rtniil  the  coagulnm  JK-ghis  Ui  b^^ 
whole  mix  lure,  together  wiili  half  the  cupnc  snlphtite  sohuion  ^ 
IB  tlieji  adiic'd  to  some  potash  solution  (fifty  grannnes  of  potuf^h  i 
afler  a  sliort  irilerval  the  clear  iluid  ia  filtered  atX  thnmgU  a  filtef 
the  iireeipriEit*^  ta  washed  nnril  the  washings  nutount  to  two  Ij 
cubic  centimeters,  and  the  sugar  is  to  be  estinitiled  in  this  <:iih9e^ 

ib)  The  rcamulmn  on  llie  tllter  is  next  treated  with  ahsoluw 
dried,  and  extracted  with  ether;  the  ethereal  and  alcoholic  extrd 
distilled,  and  the  fatty  residue  dried  and  weiglied.  The  coa^ujj 
been  dried  at  12o^'.  js  weighed,  then  ignited,  the  ash  deductett.  i| 
t  a  k  e  n  as  p  u  re  a  I  b  u  in  I  no  id  {  R 1 1 1  h  ause  n ) .  '  i 

4.  7 /ft'  Suffftr. — (J)  Take  twenty  five  grammes  of  tnilk.  ac^ 
chloric  acid.  l>oil.  and  filter,  wahbing  the  coagnhim  with  wate^ 
milk-sugar  Into  glucose,  hod  tlie  tiltnite  and  wasliings  for  an  hot! 
to  the  niotith  cd'  which  a  long  tnlK'  has  been  atturhed.  When] 
make  its  vr^lnme  up  to  two  liundred  cubic  centimeters  and  dc| 
by  Feh ling's  method,  measuring  twenty  cubic  centimeters  Fohli] 
a* flask,  diluting  with  eighty  cubic  eenilmeters  winter,  and  to  thi 
add  the  diltited  tiltmte  from  a  Mohr's  burette  until  the  copper  isl 

(ij.)  This  sugar  determination  Uiay  be  readily  etSectcd  bfj 
Mcasnrc  forty  cubic  centimeters  milk  Inioa  dask  of  r>ne  hundrt*d| 
capacity,  add  woine  carbonale  of  sodium  if  the  milk  is  not  «I| 
twenty  cubic  centimeters  modersitely  concentmled  solution  of  | 
lead,  and  shake  well  ;  having  nt*xt  fitted  the  neck  of  the  flask  la' 
or  to  tb«!  eondenKer  of  a  Liebig's  slilK  boil  it  over  a  small  H^ 


SECTION   X- 
The  Renal  Secretion. 

Tut  bloml  not  only  l>eara  to  tlie  ditfi-reiit  tissues  the  subatfinces 
r<*finiivd  fur  their  nutritioii,  but  i\Uo  rtniioves  from  the  tissues  t!ie 
flilfereiit  waste  products  which  result  from  their  various  metalK>Uc 
processes.  In  the  lungs,  part  of  tiiesc  oxirhition  piodyct^,  t'K|H'ciiilly  of 
the  cnrl>on  compounds^  are  remo\'ed^  whilt*  the  results  of  nitrogenous 
waste  hirixely  jwiss  through  the  lungs  to  be  carried  throuf^h  the  aorta 
from  tlie  left  ventricle  to  the  kidneys,  whose  function  is  to  remove  these 
nitrogcnons  excrementitious  suhstJinees,  together  with  the  curhon  coni- 
pouiids  whit'li  have  psissed  the  lunus,  with  various  salts  and  water*  The 
product  of  this  functional  autivity  of  the  kidneys  is  the  urine,  which  is 
a  pure  excretion,  since  all  its  constituents  are  wuste  products  which 
must  l>e  reriioved  from  the  organism. 

1.  The  riiYSKAL  AND  Chemical  Propekties  of  Urine, — Urine  is 
in  general  a  thin*  yellowisli  colored,  transparent  fluid  (the  depth  of  color 
depcndiuir  on  the  concentration)  of  a  siilty  taste  and  peculiar  aromatic 
odor,  due  to  the  j»resence  of  various  volatile  acids.  Its  reaction  may 
be  faintly  acid,  neutral,  or  alkaline:  it  rotiites  the  plane  of  polarized 
Ji^ht  to  the  left.  The  reaetion  in  the  earnivora  and  in  fasting  or 
jsnckltng  herliivora  is  acid  ;  in  the  herhivoru  and  omnivura^  when  on 
BgetAble  diet»  il  is  alkaline.  The  explanation  of  the  production  of  an 
pid  renal  secretion  from  the  alkaline  Idood  is  to  be  attributed  to  a 
Bcific  pro|ierty  of  the  renal  epithelium  similar  to  that  possessetl  l»y  tlie 
Rtric  mucous  membrane.  The  more  alkaline  the  blood,  the  less  acid 
urine;  hence  the  great  alkfdinity  of  the  blood  of  herbivora  causes 
be  urine  to  have  an  alkaline  reaction.  For  although  sulphuric  acid  is 
[>mie<l  from  the  decomposition  of  vegetal >Ie  just  as  it  is  from  animal 
Ibumen,  vegetable  foods  contain  large  amounts  of  organic  salts  which 
reak  up  into  alkaline  carbonates,  and  so  neutralize  the  sulphuric  acid. 
bese  aalts  are  absent  from  the  food  of  earnivora,  hence  the  acids  are 
|>effectly  neutralized.  It  is,  tlierefore,  the  form  of  diet  which,  b3' 
Bodifyiag  the  aikalinity  of  the  blood,  determines  the  reaction  of 
lie  urine.  The  specific  gravity  of  urine  varies  between  1005  and  1050, 
Then  exposed  to  the  air,  the  urea  undergoes  decomposition  and  is 
uns formed  into  ammonium  carlK>nate ;  a  part  of  the  ammonia  then 
'tombines  with  magnesium  phosphate,  and  ammonium-magnesinm  phos- 
t635J 
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pbatefi,  together  with  calcium  phosphate^  are  deposited  as  a  crysUliiiw 
precipitate.  This  process  is  known  as  ammoniaoal  fermeiitatioiK  and  is 
due  to  the  action  of  fermenta  iltTived  from  the  atmuspht?re.  hi  mm 
aaimals  the  urine  always  deposits  mucus  derived  from  the  membrane 
over  whicli  it  pusses.     Its  quantity  is  subject  to  great  variatioDft. 

The  most  importaut  constituents  of  the  urine  are  water,  salts, gises, 
and  certain  specifie  constituents.  Among  the  salts,  p4>ta98ium  com- 
jiDunds  are  more  abundant  than  sodium.  Lime  and  magnestuni  are  in 
vary  in  ^^  amounts.  Of  the  acids  HjSO<  and  PjO,  are  most  abumUnU 
CO,  in  combination  is  found  in  the  urine  of  the  herbivora.  Whet* 
NaCl  forms  part  of  the  diet,  this  salt  is  also  a  large  coixstitueni  of 
urine, 

Tlie  following  are  the  epecific  constituents  of  urine  : — 

1.  Tlie  decomposition  products  of  the  albuminoids,  as  urea,  uric! 
acid,  liippnric  acid,  kreatm  and  kreatiniu,  and  the  combtuuttons  of 
HjSO^  with  indol  and  phenol. 

2.  Coloring  matters ^  of  which  urobilin  is  the  best  known. 

3.  Aromatic  liodies  which  give  the  urine  its  |ieculiar  odor. 
The  gases  CO,,  N,  and  O  are  found  free  in  the  urine. 
As  regards  quantitative  composition  there  is  great  inconstancy. 
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(1)  Diet  of  oaf  R  fin rl  clover-gmsa, 

(2)  Diet  of  hay  and  potatoes. 
(8)   Diet  of  cooked  ])atatoefl. 

The  water,  K,   Na,  Ca,  and   Mi^   eomponnds   are  derived  dir 
from  the  Idood^and  in  greater  part  din-ctly  from  the  food  and  drink, audi 
in  fasting  animals  from  waste  of  tisanes.     11,80^  originates  in  aacidatioa] 
of  tlie  snlphnr  eompounds  in  fo(Kl;  the  phosphates  from  the  oxidation 
of  albuminoids  oT  food  and  tissues  ;    earbonates,  partly  directly   fram 
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1  and  drink,  partly  from  modification^  of  the  vegetable  acid  com- 
inds  in  vegetable  foods. 

The  urea  and  uric  acid  are  the  nitrogenous  end  products  of  the 
composition  of  the  albuminoids  of  food  and  of  the  tissues. 

Kreatin  and  kreatinin  are  closely  dependent  on  the  animal  matter 
Aken  aa  food,  since,  even  in  muscle,  kreatin  is  formed  as  a  modification 
if  its  own  albuminoid  constituents. 

Hippuric  acid  is  a  combination  of  glycochol  with  benzoic  acid,  and 
originates,  to  a  great  extent,  in  the  constituents  of  vegetable  foods,  the 
caticular  substance  of  which  develops  the  benzoic  acid. 

Phenol  is  derived  from  the  decomposition  of  albuminoids  in  the 
Istestine,  and  in  the  excretory  ducts  of  the  kidney  unites  with  HtSO^. 
Indiean  originates  in  indol. 

Many  other  substances  are  accidentally*  present  in  urine,  such  as 
aromatic  constituents  of  food,  alkaloids,  metals,  bile  coloring-matter,  etc. 
The  quantity  of  the  urine  is  dependent  on  the  amount  of  water 
taken  in  food  and  drink,  on  the  diminution  of  excretion  of  water  by 
other  organs,  especially  the  skin,  on  the  amount  of  excretorj'  products, 
especially  urea,  and  on  the  amount  of  substances  taken  in  food,  e,g.y 
Baits,  which  must  be  excreted. 

It  is  to  be  noted  that  all  the  Water  taken  as  food  is  not  excreted 
through  the  kidneys,  but  that  part  is  removed  bj' the  lungs,  skin,  and 
intestinal  canal.  The  proportion  of  water  removed  through  these 
different  organs  varies  in  different  species: — 

In  the  Urine.  Throngh  the  Lungn 

In  herblvora,  20  per  cent,  of  water  is  removed;  80  per  cent. 

In  omnivora,  60       **                   "                **  40       ** 

In  carnivora,  85        **                   **                **  15       " 

Tarious  conditions  vaay,  however,  modif)'  these  proiwrtions. 

In  fasting  and  suckling  animals  of  l)oth  the  herbivora  and  carnivora 
t.he  urine  has  the  same  characters,  since  in  them  the  tissues  alone  are 
Vmdergoing  waste. 

There  is  the  greatest  difference  between  the  urine  of  carnivora  and 
herbivora. 

In  carnivora  the  urine  is  smaller  in  amount, is  acid,  clear,  and  riclier 
in  solids,  especially  urea,  uric  acid,  and  kreatin;  sodium  salts,  sulphates, 
and  phosphates  are  in  excess,  and  the  urine  has  a  higher  specific  gravity. 
Phenol  and  sulphuric  acid  only  are  present  in  small  amount  and  hippuric 
acid  absent  when  on  a  purely  flesh  diet. 

In  herbivora  it  is  larger  in  amount,  is  turbid,  contains  few  solids, 
hippuric  acid  replaces  uric  acid,  and  the  reaction  is  alkaline;  urea  is 
present  only  in  small  amount.  Potassium  salts  are  in  excess  unless 
sodium  chloride  is  given  with  the  food.  Lime  and  magnesium,  united 
with  COt,  are  in  abundance,  phosphates  often  absent,  sulphates  abundant. 


That  this  difference  is  dependent  only  on  ditfereDces  iji  diet  iapTOTcd 
hy  the  fact  that  during  fastiug  the  nriiic  of  the  herbivom  agr«?es  in  tU 
iu  ohikracteristics  with  the  urine  of  the  carnivonu  Under  such  ciitum- 
stancea  the  herbivora  are  not  consuming  vegetable  matters^  but  hving  at 
tlie  esjMinse  of  their  owu  tissues,  nre  then  [practically  carniroroos,  and 
their  urine  becomes  aciil,  clear,  and  rich  in  urea  and  phosjihutlc  t^idU. 

Tlie  Urine  of  the  Home  is  cloudy  and  has  an  alkaiiue  remttioi.  Iti 
specific  gra\ity  varies  from  1016  to  lOHO,  1050  being  about  the  average. 
It  contains  a  Urge  percentage  of  mucin,  and  is  therefore  viseid  and  rnajr 
be  drawn  into  tiireada.  It  l»ecomea  brown  on  exposure  to  the  air^  deposits 
CaCO,»  and  a  pellicle  forms  on  it,  showing  irideseent  colors. 

The  characteristics  of  normal  horses'  urine  depend  largely  on  ttie 
mode  of  feetUrig,  When  fed  exclusively  on  liay  and  t^tr^w  tlxe  urine  i% 
aiways  alkaline,  while  when  oats  constitute  the  principal  fuotl  it  if 
secreted  in  small  quantity^  b  turbid,  and  of  acid  reaction,  and  mm 
viscid  than  alkaline.  The  influence  of  the  diet  on  the  amoimt  of  iofith 
in  the  urine  is  showit  in  the  folio win^r  table  :• — 


Daily  RAtto^. 

Watbr. 

UttllTK. 

BOUD4  lar  vmym. 

iiiiaocc. 

Tc^ 

HilF. 

Oatiu 

Kilos. 

KOm. 

OfttnuBA.   1 

.^ 

8  kilos. 
7    '' 
B    *^ 
4     - 
4    '* 
1     '' 

2  kiloij. 

2     '* 

4     - 
6     ^* 

i  kilo! 
2  kilok 
2J&-  ■ 

22.31 
20.33 
21.:J(1 
2L55 
23.73 
'MM 

5J>4 
4J2 
4.J19 
AM 
4.53 
tl03 

3L2 
1L2 
10.3 
10,2 

10:4 

5J 

mi 

A  high  percentage  of  cak-lum  salts  is  characteristic  of  Lorsf»'uiiJi^ 
Of  the  amount  contained  in  the  food,  from  one-third  to  one-hnlf  p:^^ 
into  the  urine,  ivhile  iu  the  ruminunt,  esi>ecially  in  the  sheep^  not  tuoi* 
than  5  |ier  cenL  passes.  In  the  case  of  potai^sium  the  condition!^  ^ 
just  reversed.  In  the  sheep  95  per  cent*  of  the  potasj^ium  iu  the  (^^ 
passes  into  the  urine,  while  in  the  horse  at  most  66  per  cent  appe*i* 
The  following  table  gives  the  percentage  of  inorganic  conMitutiiit§  ui 
one  hundred  parts  of  the  ash  of  horses^  urine  i— 

Polagsiiim,      **..»!,  36.8.1  percent 

Soilhtm,  ........  S.Tl  ** 

Calcium.. 21.&a  "* 

MnKnt'sium,     .».,»♦»  4.41  *" 

PJM*s4plioric  acid,     .        .        .        .        .        .  .   .   .  " 

Sulphuric  acid,        »»,,•,  17.16  '* 

(liliirine. m.M  " 

Biliclcacid,     *        .        «        ^       ,       .        .  O.da  ** 
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Hones'  urine  contains  urea  and  liippuric  acid  in  inverse  proportions. 

len  one  increases  the  otlier  decreases,  tlie  amount  of  tlic  latter  depend- 

{  on  the  amount  of  green  forage  or  ha}'  or  straw,  the  former  on  the 

aount  of  oats,  grains,  roots,  etc.     The  percentage  of  urea  in  ordinary 

•eding  varies  from  2.5  to  4.0  per  cent. 

Very  large  amounts  of  aromatic  sulphur  compounds  are  present, 
0Bpecially  of  phenol  and  indican.  The  former,  with  hippuric  acid,  causes 
tlie  peculiar  odor ;  the  latter,  the  colors  seen  in  the  film  which  forms 
whoi  exposed  to  the  atmosphere.  Brenzcatechin  is  also  present  and  is 
the  cause  of  the  brown  color  which  forms  on  standing. 

CaCOt  is  the  principal  salt,  and  is  rapidl}'  deposited  as  a  sediment. 
Sulphur  compounds  are  found  in  varying  amounts.  Phosphates,  except 
in  abundant  feeding  with  grains,  are  only  present  in  traces.  The  amount 
of  urine  is  only  about  five  to  six  liters  daily,  evacuated  in  three  to  four 
portions,  since  a  large  amount  of  water  is  lost  through  the  skin  in 
perspiration. . 

The  Urine  of  the  Ox. — The  amount  of  urine  depends  not  only  upon 

the  amount  of  water  taken,  but  especially  on  the  amount  of  nitrogenous 

^bod.     Thus,  when  the  diet  has  been  poor  in  nitrogen,  the  amount  of 

^rine  passed  daily  will  vary  from  9.7  to  12.6  kilos,  and  when  a  richer 

'nitrogenous  diet  is  given  the  amount  will  be  increased  to  from  16.3  to 

1^.8  kilos.     This  is,  without  doubt,  partly  to  be  attributed  to  the  larger 

^nriount  of  water  required  in  a  rich,  nitrogenous  diet.   The  evacuation 

^r  the  urine  occurs  from  eight  to  ten  times  dail^^  averaging  about  one 

^ilo  each  time.     The  character  of  the  food  exerts  the  greatest  influence 

^"tx  the  reaction  of  the  urine.     Fodder  rich  in  alkaline  carbonates  or  com- 

rH>unds  of  the  organic  vegetable  acids  occasions  an  alkaline  reaction  of 

tile  urine.     The  amount  of  carbonates   in    tlic   solids  of  the    urine   is 

directly  in  pro|)ortion  to  its  alkalinity.     Carbon  dioxide  is  especially 

'^Ijundant  when  fed  on  Ijeets,  clover,  hav,  or  bean-straw,  when   it  may 

'Amount  to  10  or  12  per  cent.     When  fed  with  oat-straw  or  barley -straw, 

t.lie  carbon  dioxide  sinks  to  from  3  to  6  per  cent.    Exclusive  feeding  with 

"^heat-straw  is  said  to  cause  an  acid  reaction  of  the  urine  on  account  of 

tilie  poverty  of  carbonates  and  vegetable  acids.     The  total  amount  of 

Bolids  in  the  urine  averages  about  6.8  per  cent.,  composed  of — 

C 27.8  to  5.'J.1  percent. 

H, 3.5  to    6.9       •* 

N, 8.9  to  33  6       •* 

0 15.6  to  50.2 

The  quantity  and  quality  of  the  organic  matter  in  the  urine  varies 
greatly  acconling  to  the  food,  varying  between  4.2  to  11.3  per  cent.,  and 
is  especially  dependent  upon  the  digestible,  nitrogenous  food-stuffs.  The 
non-nitrogenous  food-stuffs  are  without  influence  on  the  organic  urine 
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constituents.  Uric  and  hippiiric  acids  are  the  repreBeiitattTes  of  tbe 
nitrot^euous  organic  euimtitii^iits.  Uric  acid  and  hippuric  ucid  are  fouud 
in  proportions  wliicli  are  governed  by  tbe  character  of  the  diet  iu  iht* 
same  way  as  in  the  case  of  the  horse*  The  mineral  constituents  arc  lik& 
wise  dependent  on  the  food,  potassium  and  lime  combinations  Ijciog 
especinlly  abundant.  The  urine  of  the  ox  is  clear,  yellowish,  or  gm-rjisli, 
and  posse^Jses  a  pecnliur,  mnsky  odon  Its  speeiflc  gravity  varies  frnro 
1020  to  1030>  dei>ending  on  the  amount  of  water  in  the  food.  It  ii 
alwa3'S  poorer  in  solids  than  the  urine  of  the  horse.  It  aUo  contains  Im 
sulphuric  acid  coniiioiinds,  especially  of  tlie  aromatic  grou[>»  thau  Rorsa' 
urine.     The  phosphates  arc  entirely  absent,  or  present  onl}-  in  tmct^. 

Tlie  Urine  of  the  Sheep  and  Goal  is  similar  to  that  of  tbe  fjx^  ''"^ 
shows  great  variation  in  the  salts  derived  from  the  food.  It^  sj^ecific 
gravity  varies  from  1006  to  1015;  the  amount  from  five  hnndred  to  eight 
hundred  and  filly  cubic  centimeters  dnily.  Urea  and  hippuric  acid  ^ 
present  in  tlie  proivnrtion  of  about  two  to  three,  the  hippuric,  m\\\nt\' 
to  what  is  tlic  ease  iu  tlie  horse,  being  more  abundant  when  on  a  diet  of 
young  hay  rich  in  proteids. 

The  Uritte  of  the  Puj  is  clear,  yellowish^  with  a  faint  alkaline  ^^•.1^ 
tion  ;  speciHc  gravity,  lOlO  to  1015.  It  contains  urea,  but  mrt-Jy  urir-'^r 
hippuric  acids.  Tlie  salts  depend  on  the  character  of  food.  In  gvfitfjl. 
the  urine  resembles  that  of  carnivora. 

The  Urine  of  the  Ihg  is  deep  ^^ellow  in  color,  acid  reaction  ;  ^'ific 
gravity,  1050  when  fed  on  meat.  It  is  rich  in  urea,  but  contains  btuliitl^? 
uric  acid.  Kreatin  and  indiean  are  iiresent,  but  no  phenol.  M^  salt*  »rt 
in  larger  amoiiut  timn  Cii  salts,  while  the  chlorides  are  scanty;  sulphnti'* 
and  i>hosplmte3  abnndjint.  It  readily  undergoes  animontacal  fi-nuetita* 
tions  (from  urea)  and  deposits  phosphntes.  Its  composition  and  cbarscti^ 
likewise  vary  greatly  with  the  nature  of  the  food,* 

2.  The  Mfpuanism  of  Renal  Skcretion. — The  substances  whi<'li 
exist  in  the  urine  in  a  state  of  solution  also  exist  in  the  blood,  ftU'l  ^^ 
process  of  secretion  of  the  urine  is,  tlierefore,  largely  a  process  of 
mere  infiltration.  Neverthelesg,  certain  constituents  of  the  uriue  ^^ 
evidently  mnnnfiictured  in  the  kidney,  since  their  presence  basnotyri 
been  detected  in  tlic  blood-  Renal  secretion  is  thus  possessed  of  t^ 
factors, — a  physical  process  of  filtration  and  a  process  of  true  ^'  *  " 
dependent  upon  tbe  activity  of  the  renal  epithelium. 

The  mechanism  of  the  renal  secretion  is,  to  a  certain  extent,  capft^*^ 
of  exphiniition  by  the  study  of  the  structure  of  the  kidney.  Tbe  kidiwy 
is  composed  of  a  series  of  flue  tubules,  which,  starting  firom  tl>c  biio" 

♦For  ftirtlicr  details  ai  Ut  the  composition  of  the  urine  of  the  domMtlc  iuJiDili  w^ 
difTerent  fnrm^  of  ttlet  tho  render  is  referred  to  the  *^  Encjclopftdle  d«r  GciMiniic&tti^ 
helikuDile/'  Bd.  iv,  p>  302. 


the  mciiullary  portion  of  the  ktclney,  form,  by  frequent  siiMivisioiis, 
series  of  stmight,  l*ra»icliiii*;:  cnnals,  the  so-eiilled  urinary  tuluilus, 
ker  frequent  sufKli vision  eacli  l)rtuich  tenniniLtes  m  n  loopetl  tiilmle, 
ich,  after  nndertj^oing  various  con  volutions  in  the  cortical  portion  of 
!  kidney,  termluates  in  a  Maililer-like  escpaufiion.  Ju  eaeli  of  these 
mn^ions  enterB  a  small  branch  of  tlio  renal  artery,  the  vng  ajft^renn^ 
ich  undergoes  divisiiou  into  a  hunch  of  ca|iillivries  which  is  so  placed 
be  surrounded  by  a  double  layer  of  the  bladder-like  expansion  of 


Fio. 


39AltBI^EYE   ArPKARANrKfi  or    TTiK    KiTvxKY   OF    Ma75^,    after 
Tyson  am>  H^;nlk,    {Lumhtin.i 


II, cartes:  1'.  tnisdnniury  n.v»  i  1"»  ln>«TnniS  :  :i,  m^lull 


bules.  The  relation  between  this  bunch  of  vessels  and  the  expan- 
the  tubules  ia  similar  to  what  wauld  lie  expeeterl  if  a  tip  of  the 
of  a  glove  was  inverted  from  the  outside.  The  collection  of  ea|>il* 
ies  IB,  therefore,  in  contiict  witli  the  exterual  layer  of  the  tubule,  and 
iurrounded  by  a  space  which  is  iu  direct  commtini cation  with  the  in- 
ior  of  these  tulies.  After  having  undergone  Rnlwbvisiuu  into  enpilla- 
I  ia  iliis  expausiou  of  the  tubules,  the  elfereut  vessel,  which  collects 
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tUe  hlood  wiiieli  has  pnssed  through  this  series  of  capUtaries,  ags 
dergoes  subtlivisiou  into  a  secoiul  net-wnrk  of  caiHllwrics  dUu 
ftroniifl  tlie  urinary  tubules.  In  tUe  glomerulus  is  represente«l  the 
tion  apparatus,  iu  which,  through  the  influence  of  blood  pressu 
eubstances  held  in  solution  in  the  bloml-serum  may  be  removed  (n 
bl^iod  and  forced  into  the  interior  of  the  commencement  of  the  ii 
tubules.  The  conditions  are,  therefore,  evidently  different  here, 
trausudationa  directly  enter  into  the  excretory  duct»»  from  what  h( 
the  case  oT  other  glands,  where  the  transudations  simply  pass  into) 
and  require  some  other  force  for  their  transference  to  the  s€ci 
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lo^kr  vtin ;  ViV  vobo,  neu ;  PA.  «|<ec  of  «  rvml  {mfkUm ;  b  k  onlifiKw  IIm  baam  oTUn  r«ui  W^^ 

Thfit  this  separation  of  the  constituents  of  tlie  blood  through  ^  1 
eruli  of  the  kidney  is  actually  dependent  ui>on  the  blood  pr«i< 
shown  by  the  fiict  that  if  the  blood  pre^<sure  be  reduce<l  below  fifty 
meters  of  mercury  secretion  ceases,  while  if  it  Ije  increase<l  tlie< 
is  correspondingly  augmented.  The  contrast  between  this  hH 
secretion  of  saliva  in,  there  fore*  very  striking. 

It\  however,  pressure  is  increased  by  venous  obstrQCtiofi^  I 
stead  of  an  irjcreased  secretion,  the  reverse  t»kes  place.    That  0- 
not  contrmliet  tlie  filtration  bypothesis  is  explainable  by  the  Cac 
stiuction  of  the  veins  increases  the  invs6U»*e  in  the  capillaric 
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•0  expand  in  the   unyielding  capsule  of  the  kidney  that  the  urinary 
taboles  are  eompletel}'  compressed,  and  filtration  is,  of  course,  at  once 

tnested. 

Various  conditions  may  modify  the  blood  pressure  in  the  kidne3's. 

Thug,  for  example,  the  local  blood  pressure  may  be  increased  b}-  general 
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12.  First  p»Tt  of  col- 
lecting tube. 

11.  Distal  ounrolut«d 
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lutad  tubal*. 

9.  Wary  part  of  af 
rendlnR  limb. 

2.  Constriction  or 
neck. 
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8.  Henle't  loop. 


C.  Papili-abt  Zoxc. 


Fig.  287.— Diagram  or  the  CornsF.  of  Two  I'mxiFERora  Tubules, 
AFTER  Klein  and  NoHLE-y^iiTii.    (Lamloin,) 


^^crease  of  blood  pressure  or  b}^  a  relaxation  of  the  renal  artery,  accom- 
panied by  the  constriction  of  other  vascular  areas,  which,  while  dimin- 
ishing the  pressure  in  the  renal  artery  itself,  increases  the  pressure  in  its 
Capillaries.  Of  course,  pressure  maj*  be  reduced  in  the  kidnc}'  by  the 
reverse  causes. 
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socretion  is  ditntnlshed^it  may  almost  invariably  be  coneladect  tbitt 

I>roee»8  of  filtration  has  been    interfered  witli  by  some  means  ar 

er;  and,  conversely  and  as  a  consequence,  tbe  so-calknl  diuretics  are, 

a  rule,  substances  wLicb  directly  increase  blood  pressure  and  tbui* 

^niitaie  transudation.     So,  any  tiling  wbicb  reduces  blootl  pressure  in 

kidneys  will  reduce  tbe  secretion.     Section  of  tbe  spinal  cord  acts  in 

way.     By  the   universal  vascular  relaxation    produced,  tbe   bloixl 

ini'ssure  is  re<hicetl  in  tbe  kidney,  as  elsewbere,  and  illtratiun  rendered 

t^liuost  impossible, 

Stimubition  of  tbe  spinal  cord  acta  in  the  opposite  direction  by  con- 
•tneting  tbo  general  vascular  areas,  together  witli  tbe  renal  artery,  and 
.VH  produces  tbe  snme  result ;  for  tbe  increase  of  general  pressure  does 
'^ot  compensate  for  tbe  increased  resistance  in  tbe  renal  artery.     As  a 
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Fto.  aw.— The  8EciiETrNO  Ponxinjrs  nv  the  Ktt>ney.     iLamfois.) 

Q,  Bmrufta  i  cftr>*iil«  *«>!  xH'<"4>«^>l>t*:    i^  *m  ftfTerniH  -    «-,  vm  frfferviu  ;    r",  «-a|iUlarr  n^twfrrk  nf  th« 

^mvw<l«Mi4  (altuU;   1.  w*a  rri>in  the  4id«,  with  y,  inutr  ^r%buUr  vitie;    I.  fnim  tha  sarCi»c«^     tV.  ofliti 
%iik!»;|  U»Kl«'t  kwp.    V.  Mlli  vt  m  voUmstiug  tub*.    VI,  Mctka  of  hn  «4«ntor]r  iHbe. 

^^qnence,  the  flow  of  blood  in  t!ie  latter  is  reduced  and  filti'ation  pre- 

^■^       If  tbe  local  pressure  in  the  kidney  be  increased,  as  b}'  section  of  tbe 

^^*^i4l  nerves  or  bv  section  of  tbe  snlunchnies,  both  of  which  lead  to  the 

^  •station  of  the  venal  arteries,  and  hence  an  in(*reased  pressure  in  the 

*5^0tvierulit  an  increased  secretion  is  produced.     Conversely,  stimulntiou 

^  tile  splanchnic  or  renal  nerves  arrests  filtration  by  reducing  the  blood 

^^^P|jly  to  tlie  kidney. 

'  The  correlation    Ifctwcen   the  action  of  the   kidneys  and  skin  is 

^—"^"^  pi  ft  in  able  on  these  daUi :    It  is  known  that  in  cold  weather  the  kidneys 

^H<^1^  more  active  than  in  warm  uciitlier,  while  the  reverse  holds  with  the 

^H  ^^in.    In  cohl  weather  tbe  capillaries  of  the  external  intct(unn?nt  are  coii- 

^H  ^trictcd  and  tbe  blood   prcasure   in  the  internal  organs  is,  therefore. 
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Increased  and  flltmtion  through  the  kidneys  facilitated.    As  a  cmnb- 

quencis  the  uriuu  in  cold  weather  is  of  low  fijjecific  gravity  from  the  large 
ftinomit  of  watei-  forced  throns^h  the  glouierulL  In  wami  weather,  on  the 
other  hand,  the  capillaries  of  the  skin  are  relaxed,  general  blood  pr^sore 
is,  therefore,  reduced  and  filtration  to  that  extent  interfered  with,  and 
the  urine  is  now  scanty  and  of  a  higher  specific  gravity  from  thedccrwM 
in  its  percentage  of  water. 

Filtration  is  not,  however,  the  only  process  concerned  in  the  forma* 
tfon  of  urine,     Tliis  is  evident  from  the  examination  of  the  coropa^itioa 
of  urine;  for  if  it  were  merei}*  a  liltrate  from  the  blood  it  could  coi>- 
tain  no  soluble  constituent  in  greater  proportion  than  it  exists  in  tbe 
blood  ;  for  a  solution  cannot  by  tiitration  through  a  moist  aniinal  metiK 
brane  become  more  concentrated.     Yet  the  urine  contains  many  su^ 
stances,  especially  urea,  in  much  larger  amount  than  in  tbe  blood,  ami  il 
must,  tlierefore,  be  assumed  that  the  fluid  which  is  removed  lh>m  the 
l»lood  by  filtration  tlirough  the  glomeruli  diders  in  imporlaat  respecii 
from  the  urine.      It  must  be  almost  identical  with  tmnsudations  from 
the  blood  in  other  localities*   It  is,  however,  prolmble  that  it  i»  free  fmra 
albumen.     For  tlie  lluids  which  leave  the  blood  must  traverse  not  oclv 
tlie  walls  of  the  capillaries  of  the  glonjeruli^  but  also  tbe  walls  of  tiw 
capsule,  and  it  is  well  known  that  such  relatively  thick  membrane-^ 
dilllculty  to  the  filtration  of  albumen. 

It  is  well  known  that  normal  urine  is  free  from  albumen,  and  this  is ta 
be  explained  either  by  tbe  statement  above  mentioned,  or  by  tlii!a**««n^ 
tiou  tbat  albumen  does  pass  tbrougli  the  glomeruli  into  the  iiilerior</ 
the  urinary  tubules,  but  is  again  absorbed  by  the  epithelial  cells  liaifl?^* 
looped  portion  of  tbe  tubules.  This,  bowcver,  is  perhaps  supporteii  bvtl)f 
fact  tbat  in  kidney  diseases,  wbere  the  epithelium  of  tbe  tubub  i:* 
diseased  or  absent,  and  absorption,  presumably,  thus  interferetl  vi^^i 
albumen  is  theu  constantly  found  in  tlje  urine. 

It  is  readily  conceivable  that  various  constituents  may  lieaddeilto 
the  urine  in  its  passage  through  the  ditlerent  portions  of  the  urinifcrorttf 
tubules.  That  such  is  the  ease  is  rendered  proliable  by  the  histolo^l^ 
structure  of  tbe  kiiluey.  Tbe  fluid  removed  by  the  glomeruli  fforotlit 
blood  passes  through  a  series  of  convoluted  tubules  lined  with  cpiibiiltti 
cells  similar  to  those  found  in  other  secreting  organs  and  surroumltMl  l"? 
a  second  net-work  of  capillaries.  Tbe  epitlielial  cells  lining  thetub"i<!* 
may  be  regarded  as  specific  secretory  cells  which  itre  concenit^  "* 
removing  the  specific  constituents  of  tbe  urine  from  tbe  blood.  Thii 
tliey  are  capable  of  removing  substances  from  the  blood  circuUtiw^  ^ 
tbe  capillaries  may  be  demonstrated  by  tbe  injection  into  tbe  M(»>i<''^'' 
rent  of  indigo  carmine,  after  previous  section  of  tlie  spinal  conl.^>"- 
preventing  the  formation  of  the  urinary  secretion  by  filtration.  If^ 
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are  killed  at  various  ^leriods  after  such  an  injection,  indigo  carmine 
be  traced  from  the  blood  into  the  interior  of  the  epithelial  cells  and 
>  there  into  the  interior  of  the  iiriniferous  tubules.     No  trace  of  this 
oent  (Misses  through  the  glomeruli. 

This  experiment  demonstrntcs  that  even  ^hen  the  blood  pressure  is 
Atlj  reiiuced  the  epithelial  cells  of  the   kidnc}'  do  not  lose  their 
dvity,  but  are  still  able  to  remove  substiinces  from  the  blood  and 
ansfer  them  into  the  interior  of  the  tubules. 

Certain  substances  which  l^long  to  the  group  of  diuretics  produce 
1  flow  of  urine  without  at  all  increasing  the  blood  pressure ;  such  sub- 
stances are  urea,  urates,  etc.  It  follows  that  if  the  blood  pressure  has 
not  been  increased,  or,  in  fact,  may  even  have  been  decreased,  and  yet 
the  flow  of  urine  not  be  interfered  with,  some  other  portion  of  the 
kidney  besides  the  glomeruli  is  concerned  in  the  separation  of  the  water 
together  with  the  other  constituents  of  the  urine. 

It  is  capable  of  demonstration  that  urea  i)asses  from  the  blood  into 
tlie  renal  secretion  through  the  activity  of  the  renal  cells. 

In  amphibious  animals  the  kidney  receives  a  supply  of  blood  from 
tie  renal  artery  and  also  from  the  renal  portal  system,  which  is  formed 
^y  a  branch  of  the  femonil  vein  which  joins  its  fellow  from  the  opposite 
•We  to  form  the  anterior  alxlominal  vein. 

The  renal  artery  alone  supplies  the  glomerulus;  the  renal  portal 

^'^in  alone  supplies  the  uriniferous  tubules.     If  the  renal  artery  be  tied, 

^^4e  blood  is,  of  course,  shut  off  from  the  glomeruli,  and  all  tilti-ation  is 

^'ins  prevented.     Urea,  nevertheless,  is  still  a  constituent  of  the  secre- 

^•fDn  formed  by  such  a  kidney,  and  when  urea  is  injected  into  the  blood 

^^  likewise  causes  a  secretion  of  urine. 

On  the  other  hand,  substances  which  are  presumably  removed  from 

^lie  blood  by  a  process  solely  of  filtration,  viz.,  sugar,  peptones,  and  vari- 

^^118  salts,  do  not  appear  in  the  urine  after  the  renal  artery  has  been  tied. 

It  is  thus  evident  that  the   secretion  of  urine  is  a  double  process, 

l^rtl}'  a  process  of  filtration,  in  which  water  and  crystalline  substances 

5\re  removed  from  the  blood  by  a  process  of  transudation  occurring  in 

"^he  glomeruli.     Everything,  therefore,  wiiich  increases  blood  pressure  in 

The  renal  arteries  will   lead  to  transudation  and  to  an  increase  in  the 

watery  constituents  of  the  urine. 

The  renal  secretion  is  also  an  active  secretory  process  in  which  the 
epithelial  cells  lining  the  convoluted  portions  of  the  uriniferous  tnlmles 
are  concerned  in  removing  the  specific  constituents  of  the  urine  from  the 
blooil,  while  jxirhaps  completing  the  process  of  transformation  of  some  of 
the  antecedents  of  urea  into  that  suiistance.  This  subject  will  again  be 
referred  to  from  this  point  of  view  when  we  consider  the  problems  of 
nutrition  which  occur  in  the  animal  body. 
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3.  The  Mechanism  of  Micturition. — The  secretion  of  urine,  like 
the  bile,  is  constant,  and  if  the  ureters  be  divided  it  will  be  found  tlmt 
there  will  be  a  steady-  flow  of  urine,  drop  by  drop.  The  urine  has  been 
described  as  a  pure  excretion — that  is,  it  is  composed  solely  of  sab- 
stances  which  no  longer  have  an}' oflice  to  fulfill  in  the  economy,  and 
which  are  deleterious  and  must  be  removed.  Arrest  of  the  renal  secre- 
tion, or  so-called  8upi)ression  of  urine,  bj'  preventing  the  elimiuation  of 
these  substances  invariably  leads  to  a  fatal  result. 

The  urinar}'  constituents  eliminated  from  the  blood  through  tbc 
action  of  the  glomeruli  and  epithelial  cells  of  the  uriniferous  tubules  pass 
drop  by  drop  through  the  straight  canals  into  the  i>elvis  of  the  kidner. 
and  from  there  through  the  peristaltic  contractions  of  the  muscular  walls 
of  the  ureters  into  the  bladder. 

The  bladder  is  a  muscular  organ  composed  of  an  internal  mneoM 
coat  and  double  muscular  coat.     The  fibres,  which  are  of  the  un8tri|)rtl 
variety,  are  arranged  in  obli(pie  and  circular  layers,  the  latter  lieing es- 
pecially developed  at  the  neck  of  the  bladder.     Externall}-  situate*]  is  a 
fibrous  membnme,  while  the  upper  portion  of  the  bladder  is  covere(II>v 
the  peritoneum.     The  ureters  pierce  the  vesical  walls  obliquely,  and  at  tk 
orifice  of  entmnce  of  the  ureters  into  the  bladder  is  located  a  valvular 
fold  of  mucous  membrane.     As  the  bladder  fills  the  increflsed  pressnpc 
on  its  walls  tends  to  obliterate  the  orifice  of  entrance  of  the  ureters, 
and  so  prevent  regurgitation  through  the  uretei"s  back  to  tbekidnevj. 
Soiiu^tlmc-;.  MS  :i  consctjuciHH'or  obst  ruction  to  tlu?  llow  of  urine  fn»in  t  lit' 
bliuMcr,  il  will  be  foiiiMl  that  the  ui'ctcrs  arc  tlu'ii   tlu'  scat  of  n>n-i'l'"r:i' 
bic  di-tcntion.     Such  <listcntioii  is  not,  however,  ('ausc*<l  ]»v  a  reflux  fi'M 
the  Ma-Mer,  but  is  only  prodncccl  when,  the  blad<ler  bec(»inini:  ili-^ttiili'l 
to    its   full   capacity,  thi'   constant    secretion   of   urine   still  (•oiitinuis  t' 
<'olle<'t  in  the  ureters  behiinl   the  l)la<i«lcr.      As  the    urine  airinmilnt'.^  ii: 
the  l«la<hh'r   it    rises   from   the  cavity  of  the   pelvis  to  occupy  the  i-'^^^'f 
]M»rtion  of  the   iibdoiuinal  reiiion,  Avhei'o  in  man.  when  fully  clisltn<l<^'' 
may  l»e   reco^nnzed    hy  percussion,  and   extends   from   eight  to  teiieeiit'- 
nieter-i  above  the  symphysis  of  the  J)uIk'S. 

'I'he  urim'  is  retained  in  the  l)lad<ler  hy  the  normal  tonie  cinitrscti'W 
of  th«'  circulai-  sphincter  of  the  ]»laddi'i',  aided  by  the  tonic  contrncti'Hi 
of  tin-  sphincter  urethra'  and  the  elastic  tibres  surroundinir  the  iin'tte 
As  the  bladdei'  bt'c«unes  distended  the  s]>inncter  becomes  n-laxCMl. nmi 
the  contact  of  the  e--caping  urine  with  the  upper  i>art  of  the  uieinl'ran^>QJ 
portion  of  the  urethni  causes  t he  tlesire  to  urimitc.  Escape  of  uriiionwy 
at  this  time  lu-  pri'Vented  by  the  contraction  of  the  s|)liincter  urellir* 
mu^ch',  which  is  a  red,  striped,  voluntary  muscle. 

in  animals  an<l  infants  this  <*ontact  of  the  urine  with  the  miiooiH 
niemorane   of  the   urethr;e   starts   the   process   of  micturition,  wliicli.iB 
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•Qch  circumstances,  is  a  purely  reflex  action,  and  may  be  carried  on 
without  tiie  assistance  of  tiie  will. 

Tlie  state  of  contraction  of  the  vesical  muscular  fibres,  as  was 
finmd  to  be  the  case  as  regards  the  rectum,  is  governed  by  a  spinal  centre 
located  in  the  lumbar  portion  of  tlie  spinal  cord.  When  the  spinal  cord 
is  divided  in  the  dorsal  region  in  a  dog,  after  the  shock  of  the  operation 
has  passed  off  the  bladder  may  fill  with  urine,  and,  when  distended, 
empties  itself  in  a  perfectly  normal  manner. 

The  distention  of  the  bladder  starts  sensory  impulses,  which  are 
eondncted  to  the  spinal  cord  through  the  posterior  roots  of  the  third, 
fourth,  and  fifth  sacral  nerves.  The  centre  of  micturition,  which  in  dogs 
is  situated  opposite  the  fifth  and  in  rabbits  opposite  the  seventh  lumbar 

e 


Pig. 270.— Diagram  op  the  NEuvors  Mechanism  of  Micturition'.    (Yeo.) 

B.  bUdder:  M,  aMominal  mnMlei;  C,  cerehrni  rcntn-K  :  R  represents  impnlMs  which  iiuit  from  the 
Madder  to  the  centre  in  the  npinal  curd,  whence  tonic  impulsoit  are  relleote<i  and  pass  al<inff  T  to  the 
■(ihiBcter  which  retains  the  urine.  When  thu  bladder  in  dintcmitNl.  impulses  pass  to  the  brain  by  1,  and 
vben  we  irt//.  the  tonua  of  the  spinal  centre  stiniulatinx  the  )<i>hinoter  is  checked,  and  tlie  abdominal 
■raseles  are  made  by  2  to  force  some  urine  into  thu  neck  of  the  bladder,  whence  impulses  pass  by  'i  to 
iahlldt  th«  sphincter  centre  and  excite  the  detrusor  through  4. 

^rtebra,  is  then  called  into  pla}',  and  the  muscular  fibres  of  the  sphinc- 
^^Tof  the  bladder  relax,  while  contractions  of  the  longitudinal  fibres,  or 
^ lie  so-called  detrmsor  vriiipe  muscle,  are  called  forth. 

The  contraction  of  this  muscle  serves  to  contract  the  capacity  of 
^lie  bladder  in  all  directions,  its  contents  are  thus  forced  out  throno:h 
^Iie  relaxed  sphincter  muscle  throuirh  the  uretline.  and  urination  is  ter- 

^'nated   by   the   rhythmical   contraction   of   the   bulbo-cavernosus,   or 

fjacalntor  urina:  muscle. 

Ordinarily   the   emptying   of  the   bladder   is   assisted   by  the   co- 

Olieration  of  the  abdominal  muscles  in  the  same  way  as  their  contraction 

aids  in  defiecation.     A  deep  inspiration  is  made  as  the  bladder  becomes 
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almust  totally  emptied,  the  glottis  closes ,  niid  the  tilK^otnmjil  niu^ltn, 
cuntmctiug,  werve  to  force  down  the  alHlornbHl  eon  tents  iiHo  tlie  pelvis, 
at  111  no  by  pressure  from  above  aid  the  empt^yiiig  of  the  bladder.  Section 
oT  tilt?  spiuid  cord  above  tl»e  level  of  lliis  eeiUre  liri^t  causes  retention  d( 
urine  by  inerea^ing  the  reflex  activity  of  the  uretliml  wpUlijeter  and  by 
iuterferiDg  with  the  conduction  of  inhibitory  impni.ses  from  Iht  braJiL 
A§  soow  im  the  bladder  becomes  distendeil  tl*e  sphincter  beeomi's  nj^M-hmi- 
ieally  dilated,  and  tUe  urine  trickles  away  in  drop^,  but  le^s  rapidly  i\m 
it  enters  from  the  kidney ;  so  the  bladder  Ijeeomes  enormoasiy  dibUHl 
and  tSie  retained  nrine  is  apt  to  undergo  ainmoniaca!  fermentatinn. 
Qoltz,  however,  has  seen  dogs  micturate  in  a  pert\»ctly  normul  wadiict 
atter  complete  division  of  the  spinal  cord  f^bove  the  lumbar  region. 

While  urination  is  tbns  originally  a  pnrely  reflex  action^  it  i«  p<><* 
si  hie  by  education  to  bring  it,  to  a  very  eonsiderahle  extent,  undcrtli* 
control  of  the  will.  The  contact  of  the  first  few  drops  of  nrine  with  ik 
mucous  membrane  of  the  urethras,  ingtead  of  inauguratinir  the  act  of 
njicturition,  may  by  an  exertion  of  the  will  Jeatl  to  mi  incrtit^  of 
the  tonic  contract  ion  of  the  sphincter  of  the  blachler  Instead  of  to  It* 
iidiiUition.  Ttie  act  of  micturition  is  thus  voluntarily  postpiiwl 
(Fig.  2T0), 

In  addition  to  this  voluntary  control  of  the  net  of  mictnntion,  tJiiiJ 
process  is  also  Largely  governed  by  the  emotions,  and  the  starling  pnt J 
of  the  act  ma}^  originate  not  only  in  the  distention  of  the  bbdrfertliirtT 
in  various  forms  of  irritation  of  the  genital  appamtus,  Sufb  n  <-<t-"'' 
vrill  fret^uently  be  found  to  explain  the  uruiary  incou  tine  nee  of  cliikJ^-'^ 


» 


SECTION    XL 
The  Cutaneous  Functions. 

Another  source  of  loss  to  the  blood  occurs  in  its  passage  through 
the  capillaries  of  the  external  integument  by  means  of  the  sweat  and 
the  8el)Aceous  glands.     As  already  indicated,  the  waste  products  of  the 
iDimal  economy  are  mainly  nrea  and  its  antecedents,  carbon  dioxide, 
ttlts,  and  water.     In  the  stud}'  of  respiration  we  found  that  the  pul- 
monary mucous  membrane  constituted  the  organ  whose  function  as  an 
excretory  organ  was  mainly  concerned  in  the  removal  of  carbon  dioxide, 
Water,  and  certain  organic  products  from  the  blood.     The  kidney  we 
foQnd  to  be  Especially  active  in  removing  urea,  various  salts,  and  water. 
These  two  organs  constitute  the  main  paths  of  elimination  of  substances 
no  longer  of  use  to  the  economy,  and,  as  a  consequence,  constitute  the 
most  imi)ortant  excretory  organs  of  the  bodj'. 

The  skin  may  be  reganled  as  an  organ  supplementary'  in  its  action 
to  the  hings  and  kidneys,  since  the  skin  by  its  secretion  is  capable  of 
removing  a  considerable  quantity  of  water  from  the  blood,  small  amounts 
of  carbon  dioxide,  and  small  amounts  of  salts,  and  in  certain  instances 
during  suppression  of  renal  secretion  a  small  amount  of  urea. 

The  skin  is  thus  an  excretory  organ,  serving  to  remove  gaseous, 
liquid,  and  solid  waste  products.  The  skin  is  also  the  chief  organ  for  the 
regalation  of  animal  heat,  by,  on  the  one  hand,  through  conduction, 
rndiation,  and  evaporation  of  water,  permitting  of  loss  of  heat,  while  it 
also,  through-  mechanisms  to  be  considered  directl}-,  is  able  to  regulate 
tlie  amount  of  heat  lost.  Since  the  skin  is  more  permeable  to  gases 
tluin  a  dry  membrane,  a  certain  amount  of  gaseous  interchange  takes 
place  through  the  skin.  The  skin  further,  through  the  various  forms 
^hich  tlie  epidermal  organs  ma}'  take  on,  whether  hoofs,  horns,  claws, 
^*»r,  or  feathers,  funiishes  means  of  protection  and  otVensive  organs. 
Thus,  the  hairs  (fur  or  feathers)  furnish  protection  against  extreme  and 
Sudden  variations  of  temi)eratnre  by  the  fact  that  they  are  poor  con- 
^^Uctors  of  heat,  and  inclose  between  them  a  still  layer  of  air,  itself  a 
poor  conductor  of  heat.  The  hairs  are  also  furnislied  with  an  npi)aratns 
V^hich  the  loss  of  heat  may  be  regulated  ;  thus,  in  cold  weatlier,  through 
the  contraction  of  the  unstriped  muscular  fibres  of  tlie  skin  (the  erectores 
inli),  the  hairs  become  erect  and  the  external  coat  tlius  becomes  thicker. 
Further,  cold  acts  as  a  stimulus  to  the  growth  of  hair,  and  we  find,  as  a 
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consequence,  a  tliicker  coat  in  whvter  than  in  stimtner.  This  h  iiM  onif 
fieen  in  the  thicker  fur  in  aDitiinls  wliich  inhabit  a  cold  cliniaU^,  *»  vm^ 
trasted  with  the  mxuv  sixmi*^  in  wani^er  liitiluiU*^,  but  also  in  thejwn^Mhe 
growth  ami  sheddirjt^  of  hair  Been  in  the  horse  uoil  ox  In  the  cUaa^of 
the  seaf^ons.  The  hairs  iilso  furnish  prifteetkin  ngaitiftt  wrt,  fmro  the  fact 
that  they  are  ahvaVii  more  or  less  oily,  jVoiri  the  stH^retions  of  the  fteba,piwtt« 
glaiidH,  and  thus  shed  water.  The  hairfi,tlirongh  their  elaitieity,faniiih 
meehauical  jU'otectioii,  and  throug;h  the  thickness  of  the  coat,  to  a t»*rtn»ii 
degt^B,  resiHt  the  attaclis  of  insects;  thu^  the  external  auditory  mmtj, 
the  t^xtei'iial  iiares,  and  the  eyes  are  protected  by  Iiairs..  Fioally^  th<?  Imiii 
assist  tlii^  M'HHe  of  tonch* 

1*  TiiK  SwKAT  Secuktion. — Thc  swmt-glands,  which  arc  foiiad  only* 
in  niammals,  oeenr  in  their  simplest  form  in  the  domvstif*  annaaU  io  tlie 
oXh,  where  they  are  simply  oval  sacs,  which  in  man  an<l  the  horw  ami  in 
the  f<*et  of  the  dog  and  cat  and  snout  of  the  hog  become  develo|H"tl  ii 
long^  convoliiteii  tul>ea,  passing  throiij^h  the  entire  thickness  oftW 

In  the  hor^e  the  ^weiit-glancts  are  eompani lively  highly  dct< 
efipeelally  in  tlie  inguinal  region,  where  ilwy  are  alno  abnadaat  hi  tfci 
nheep.  In  the  ox  the  aweat*glands,  as  already  men t ion ed,  are  rail i men Urf, 
and,  a;^  a  eonaccpicnee,  this  animal  sweatn  Imt  \'i*ry  little.  Cats,  nihWu, 
and  ratis  <hj  not  nwcjit  at  all ,  the  carnlvora  generally  aweiLtiug  paly  io  the 
soles  of  tiieir  feet. 

The  swt-at  h  a  transparent,  colorless  liqnid  with  a  cham*?UrW 
odor,  varying  as  to  it8  Bouree  from  differtnit  iMirty  of  the  &kin.witbA 
salty  taste.  Its  specific'  gravity  is  about  1004.  Its  reaetioa  mav  1* 
said  to  be  normally  alkaline  or  nentniL  The  freqnent  acid  reaction i»W 
be  attributed  to  the  development  of  fatty  acids  in  tlie  deeompoiiti<>u « 
fatty  matter.^  formtHl  hy  the  seltaeeovia  glands,  and  which  are  ordimR^f 
mixed  with  tlie  perspiration.  Its  quantity  is  very  variable,  goreriwll? 
conditions  to  be  referred  to  directly.  It  may  be  stated  in  agvwril'*! 
that,  as  a  ruie,  twice  as  ranch  water  is  given  off  hy  the  skia  u  bytk* 
lungs,  while,  as  a  rule,  in  man  eleven  grains  of  solids  are  elimitmi<«l  ^ 
the  akin  in  twenty*four  hours,  m  contrast  to  seven  grains  reim*ve(iH 
the  Inngii,  Tlie  sweat  contains  no  strnetnral  elements  with  theei<H'ptK« 
of  epithelial  scales,  which  mvLj  be  aeciden tally  removed  tf^^  ^ 
eindermis. 

The  sweat  in  its  composition  contains  about  1*8  per  ceat  of  if>li^^ 
of  which  two4iiirds  are  inorganic  and    mainly  eonstitutetl  by 
cldoridei*      Tlie  nitrogenous  constituents  of  the  sweat  con^i^t  all 
eolely  of  nrea,  winch  by  its  decomposition  may  give  rise  to  aiomofli 
The  non-nitrogenous  constituents  of  the  sweat  are  comjiosied  of  vi 
f»tty  achls,  such  as  formie,  acetic,  butyric,  propr ionic » and  eapi 
give  to  the  sweat  its  ehanicteristic  odor.     Choksterin  aatj  d< 
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ooming  from  the  sebaceous  glands  are  also  frequently  found  in  it.  The 
mineral  matters  are  composed  mainly  of  sodium  chloride,  potassium 
eUoride,  phosphates,  aud  alkaline  sulphates,  phosphatic  earths,  and 
tnoes  of  iron.  The  sweat,  in  addition,  contains  traces  of  free  carbon 
dioxide  and  small  amounts  of  nitrogen. 

The  following  table  represents  the  different  analyses  of  the  sweat : — 


In  1000  Parts. 

Favre. 

Sohottin. 

Fuuke. 

Water,        .... 

.     995.573 

977.40 

988.40 

Solid  matter,      . 

4.427 

22.00 

11.60 

Epithelium, 

4.427 

4.20 

2.49 

Fats, 

0.013 

4.20 

2.49 

Lactates 

0.317 

4.20 

2.49 

Chlorine  sudoratcs,    . 

1.5«2 

4.20 

2.49 

Extractive  matters,   . 

o.(m 

11.  JM) 

2.49 

Urea 

0.044 

11.30 

1.55 

Sodium  chloride. 

2.230 

3.(H) 

1.55 

PotHBflium  chloride,   . 

0.024 

3.r>o 

1.55 

Sodium  phosphate,    . 

tracefl 

3.00 

1.55 

Alkaline  phosphates, 

0.011 

1.31 

1.55 

Phosphatic  earths,     . 

traces 

0.39 

1.55 

Other  salts 

traces 

7.00 

4.36 

The  quantity  of  sweat  is  ver}-  variable.  In  man  its  amount  has  been 
placed  at  five  hundred  to  nine  hundred  grammes  daily,  although  under 
dillerent  conditions  it  may  be  increased  to  fifteen  hundred  or  two  thou- 
sand grammes,  or  even  more.  Under  all  conditions  in  which  the  activity 
of  the  skin  is  not  absolutely  prevented  a  considerable  quantity  of  perspi- 
nUion  is  formed  by  the  skin,  the  water  of  which  evai>o rates  as  rapidly  as 
it  is  poured  out.  The  secretion  of  sweat  is  then  spoken  of  as  insen- 
sible perspiration.  Under  other  circumstances  fluid  mny  be  noticed 
to  collect  on  the  surface  of  the  skin,  and  is  then  spoken  of  as  sensible 
perspiration.  The  proportion  of  the  sensible  to  the  insensible  perspi- 
Tation  will  depend  upon  a  numlwr  of  external  conditions.  Thus,  su])- 
posing  the  rate  of  secretion  to  remain  constant,  the  dryer  and  hotter  the 
air  and  the  more  rapid  the  circulation  of  air  in  contact  with  the  body,  the 
greater  will  be  the  amount  of  sensible  perspiration  which  imdergoes 
evaporation  and  is  thus  converted  into  insensible  persi)irntion.  On  the 
other  hand,  when  the  air  is  cool,  and  especially  Avhen  saturated  with 
BJoisture,  evaporation  from  the  surface  of  the  body  is  prevented,  and, 
even  although  the  rate  of  secretion  by  the  skin  Ixj  no  greater  than  in  the 
previous  condition,  the  amount  of  sweat  which  remains  on  the  surface  of 
ttebody  as  sensible  perspiration  will  be  greatly  increascKl. 

The  total  amount  of  secretion  poured  out  by  the  skin  is  not  only 
Qtodifled  b}'  the  condition  of  the  atmosphere,  but  also  by  the  character 
*nd  quantity  of  the  food  and  by  the  amount  of  exercise,  and  especially 
by  the  amount  of  fluid  drunk.  It  is  also  influenced  by  the  mental  cou- 
tlitionfl,  by  medicines,  poisons,  and,  as  pointed  out  under  the  hea<ling  of 
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Kenal  Seoretion,  tbe  activity-  of  the  skin  as  a  secreting  organ  is.as  inilc» 
inverse  to  that  of  the  kidiie}'.  As  a  consequence,  in  warm  weallter  tk 
cutaneous  blood-vessels  relax,  more  blood  circulates  through  the  fckin, 
and  the  perspimtlon  is,  therefore,  increased,  while  the  amauut  of  water 
elinnnated  hy  the  kidneys  is  deereasfd.  Hence,  in  wann  weather  the 
nrine  is  scanty  and  of  liigh  specific  gnivit3\  On  the  other  haiiiU in  cultl 
weather  tlie  cutaneoun  capillaries  are  contracted,  the  activity  of  the  sweat- 
glands  diminished,  while  from  the  increased  blood  ))res8ure  in  the  internal 
organs  the  activit}'  of  the  kidney,  especially  of  the  glomeruli,  is  iiicreaectl, 
and  the  urine  is  now  more  abuiidant  in  quantity  and  of  lower  specific 
gravity. 

The  formation  of  sweat  is  a  true  secretion  and  is  dependent  iipoa 
the  seci'etor3'  activity  of  the  e)>itheliul  cells  of  the  sweat-glandis*  Tb*' 
relation  between  the  activity  of  the  sweat-glands  and  of  the  blood  supplj 
has  l^een  very  clearly  made  out.  Nearly  all  conditioitt  which  incmwe 
the  blood  supply  to  a  part  will  lead  to  an  increased  secretion  of  &we«t 
Thif<,  as  already  mentioned,  will  prolmbly  explain  the  increased  secreiion 
,when  the  skin  is  subjected  to  a  high  temperature. 

Bernarfl   also   succeeded    in   producing   secretion   hy  the  skin 
division  of  the  vaso-motor  nerves  supplying  the  |)art.     Thus,  divisicn 
the  cervical  sympathetic  in  the  horse  will  cause  an  abundant  secretion  «t 
sweat  on  the  corresponding  side  of  the  face. 

The  sweal-ji;laiit|s  are  furtlier  governed  by  special  secretory  DifHTs. 
Tills  statement  is  supported  not  only  by  the  production  of  swt'at  in 
various  pathological  conditions  and  in  the  evident  influence  of  ll>c 
emotions  on  tlie  sweat  secretion,  even  in  the  absence  of  increa&iK]  eiati' 
lation,  but  also  has  been  demonstrated  liy  direct  experiment. 

If  in  a  dog  or  t^it  the  periphcnd  end  of  the  sciatic  nerve  lie  gtinm- 
lated  witli  an  interrupted  current,  a  profuse  secretion  of  perspimlion  i* 
produced  on  the  balls  of  the  toes.  Such  a  secretion  is  evicicntly  ""* 
produced  by  modifications  of  the  blood  supply;  for  stimnlatiou  of  i1k« 
sciatic  nerve,  as  a  rule*  may  be  said  to  lead  to  the  constriction  of  ^ 
bloorbvessels  in  this  part,  and  the  secretion  may  even  be  produwl  sifl<ff 
ligation  of  the  blood-vessels  of  the  limb  or  even  alXer  its  auiputatioit 
Moreover,  the  vaso-motor  effects  may  be  produced,  as  in  the  cajscof  *** 
secretion  of  the  saliva,  and  the  secretory  effects  prevented  by  theifljecti 
of  atroi>ine.  The  finnlugy;  therefore,  between  the  secretion  of  i^wtal 
that  of  saliva  is  clearly  established,  and  we  are  warranted  in  stating 
the  sciatic  nerve,  like  the  chorda  tympani,  contains  s|>ecial  sec«l 
lilu'es  whose  stinitdation  leads  to  an  increased  activity  of  the  sccwl 
epithelium. 

Moreover,  cx[>erimeut  enables  us  to  determine  that  the  intslis^ 
produced   by  exposure  to  high  temperatut'c  is  not  solely  due  t*»  ^^ 
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Teased  blood  supply  of  tlie  part,  but  to  direct  action  on  tlie  nervous 
systetn.  For  if  tlie  sciatic  uerve  be  divided  in  a  cat,  on  exposure  to 
high  tempenitiire  the  piirt  removed  from  tlie  central  nervous  systuiu  will 
form  no  secretion,  while  the  otljer  Burfaces  of  the  borly  will  form  an 
abcuidant  secretion  of  sweat,  tliu,M  clearly  showing  tlmt  heat  acts  mainly 
as  a  stimulant  to  the  secretion  of  sweat  b3'  calling  into  play  the  activity 
of  the  central  nervons  system. 

Sweat  may  also  he  produced  by  stimulating  the  central  end  of  the 
l^tTKled   sciatic  nerve,  where,  of  course,   its  production  is  clearly  of  a 
PpBex  nattjre,  and  is  attributed  to  the  Ktiniulaiiou  of  the  so-called  sweat 
'  centres  located  in  the  spinal  cord.     The  sweat  secretion  may  also  be 
called  forth  by  various  drugs,  especially  by  pilocarpine,  the  alkaloid  of 
jal>orandi,  wliich  appears  to  act  as  a  local  Htiiuulant  to  the  sweat-glands, 
althougli  it  nijty  also  have  some  stimulating  action  on  the  sweat  centres. 
As  iu  the  case  of  the  secretion  of  saliva,  it  may  be  antagonized  by  atro- 
pine.     The  function  of  tlie  sweat-glands  in  the  formation  of  sweat  is 
iHftinly  that  of  an  excretory  organ,  while,  aildcd  to  tlii*?,  by  the  evapora- 
tion of  the  perspiration  from  the  external  surfaces  ol'  the  body  it  ext*rts 
a  Considerable  influence  as  a  regulator  of  the  temperature  of  the  l^ody. 
As  a  eonsefpience,  therefore,  when,  as  iu  warm  weather,  the  secretiun  of 
the  skin  is  increased,  the  corresponding  increase  in  evaporation  tends  to 
preveot  the  overheating  of  the  Ixjd}*. 

2.  The  Sebaceous  Secretion  of  the  Skin.— In  the  derm  are  foinid 
a  kryje  number  of  racemose  glands  whose  excretory  ducts,  as  a  rule, 
open  into  the  hair-follicles.  The  excretory  duets  are  liuc<l  with  pave- 
ment epithelium,  wlucli  in  tlie  deeper  portions  gives  place  to  true  sccrttory 
eell*s  iu  which  a  nucleus  is  present^  filthoiigli  only  capable  of  being 
fipteeted  with  ditllculty,  its  presence  l>eing  usually  obRCurcd  l>y  the  large 
i>umlier  of  fatty  gloindcs  surrounding  it.  Snch  sebnceons  glands  are 
"ot  uniformly  distrilmled  over  the  animal  body,  but  are  especially 
devHo[>ed  in  points  most  abundantly  snjiplied  with  hair.  During  fa*tal 
^ifetlie  external  boily  surface  is  covered  with  a  thick  layer  of  scljaceous 
Matter,  the  so-called  verr}ix  caseosa^  which  protects  it  from  maceration 
^w  tin*  fimuiotic  fluid.  The  secretion  formed  by  these  glands  is  a  soft, 
f  runihling,  fatty  mass,  suspended  in  a  tolerably  small  amount  of  water, 
contains  a  small  amount  of  albuminous  matter  and  considerable 
i^nnts  of  potnsstum  salts  find  of  cholesterin.  Tlie  secretion  in  formetl 
tlie  activit)'  of  the  protophismic  secretory  cells,  which  remove  certain 
ibstances  from  the  transudations  from  tlie  lilood-vessels,  and  whose 
ito[jlasm  itself  uiid.eigoes  fatty  degeneration.  The  secretion^  tlu-re- 
.  consists  mainly  of  the  breaking  down  of  the  cell-contents*  It  is 
posed  of  about  31  per  cent,  water,  61  per  cent,  of  albuminous  matter 
epithelium,  5  per  cent,  of  neutral  fat  and  soaps,  and  1  per  cent,  of 
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inorsfnuic   salta.     Olein   Jinil    palniatin   are  the  prineiiml 
fatty  hodlm,  phospUatic  earths  and  eliloritles,  and  salt:*.     Tlir  wool  of 
tile  sheep  contiiio»  a  fatty  potassimu  salt  whicli  is  eaitilib  in  water, 
which  constitutes  at  lea^t  one-third  In  weight  of  rnw  mirrina  woiii, 

The  fnnctiuii  of  the  flebaccroiis  secretiaii  is  to  Oct  as  ft  inli 
the  skin  and  epidermtd  ap|iendiigi*s* 

3.  CuTABieous  Absorption, — When  the  liody  is  planed  b  a  Uqiiiil 
niediuni,  i\n  Into  a  bath.^  a  eonstderable  amount  of  water  U  ahiorlied  Ivf 
imbibttioii  through  the  epithelmm.  Fnmi  there  it  ist  «hle  to  frnm  If 
absorption  into  ti»i!  vesaeis  which  circulate  throiigh  the  stijierfloial  kyeif 
of  th(*  dt-rm^  and  Ironi  there  into  the  general  blood -cur  rent*  TUti  stAt^ 
ment  may  Im  denionHtrated  by  the  increase  in  weijjht  which,  a^  a  gtiwnl  i 
rnlL%  foUows  imm(»rsion  In  fluid  The  resnlt  of  such  an  i m rue ntigti  will, 
however,  vary  according  to  the  tcmpcratnre  of  the  fluid.  When  flu 
terajwrature  of  the  bath  is  abo%'e  that  of  the  body,  tlie  inert^UNHl  iccretloa  ' 
from  tiie  i^kin  will  niore  than  countcrlmlanee  the  giiin  in  eih*w>r(rtifin,  ad, 
as  a  con8u(|Uenee,  the  weight  of  the  body  may  l>e  decrcasi*d,  If,  on  lU 
other  hand^  the  teinperatui*e  of  the  Imth  is  lower  tiian  that  of  the  Wj, 
the  body  may  guiii  in  weiglit  tIiron*^h  the  absorption  of  vmt«r*  W 
epidermic  is,  nevt^rtheless,  not  equaUy  permeable  by  fiubstanods  hrosfM 
into  contact  with  it.  And  tliie  interference  with  nb<if»rptloti  W  i^ 
increased  hy  the  Bcl^ficeaus  secretion  of  the  skin.  Siih)ft;uioe9  held  ei 
solution  in  water  are  accordingly  al^sorlictl  but  t*>  nn  extremdy  f^Hdrt 
extent,  unless  this  immersion  be  so  proton t^^ed  as  to  pennit  of  ii*n^^:i.!i: 
of  the  epidermis. 

Ab*4orption  through  friction  of  the  skin  snrfHce  with  dhfer^nt  uh^ 
stances,  es]jecially  when  suspended  in  a  fatty  excipient,  is  to  l»e  eiplaiofd 
b^^  the  mechanical  forcing  of  snch  suljstances  into  the  sebaceous  ^bsAi^ 
and,  it  may  be,  even  into  the  interstices  of  tiie  epidermal  cell^.  Tbitf* 
friction  witlk  tartar  emetic  siispwided  In  oils  maj-  produce  voinitin?. 
TTith  mercury  may  produce  salivation,  and  with  belladonna  diblaltofl 
of  the  pnpiL 

Alirasion  of  the  skin  leads  to  a  marked  increase  in  it^  faeilitjfiff 
absorption, 

4,  Cutaneous  Respiration. — The  skin  of  man  and  animals  in  wbart 
the  skin  is  bare  oifers  a  certain  analogy  to  the  lungs  in  tJiat  it  k  f^^*^^ 
dantly  supplied  with  blood-vessels  winch  are  nearly  in  contact  witb  tk 
external  atmosphere.  It  is^  therefore^  conceivable  that  through  lhp«Mo 
there  may  be  an  interehange  between  the  gases  of  the  atmospherc  ■»! 
blood.  Experiments  show  this  to  tie  a  fact.  If  the  body  l»e  iuclos^l  i« 
an  air-ttght  chamber  extending  to  the  neck,  and  after  a  lime  ik  «f 
within  tins  chamfN^r  Ike  analyzed,  it  will  be  fonnd  that  it  will  U^ 
deof^osed  in  the  amount  of  oxygea  and  gained  in  eivrix^nic  fteitl    Tii* 
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L  however,  of  eoiisitiemble  density,  and  from  its  strneliire,  i\s 
jed  with  that  of  the  pulmonary  rnucuus  memlirane,  must  offtr 
j?i?§istanee  to  the  dilfusion  of  gnses.  As  a  consequence,  tlie 
i  of  such  interchange  ivbich  occurs  through  the  skin  must  ln3 
In  animals,  however,  in  which  the  skin  is  not  oul^^  bare,  but 
id  moiet,  gaseous  interchatige  through  the  skin  may  he  of  mucli 
t  importance;  tlins,  fur  exami>le,  it  has  been  found  that  if  the 
je  of  air  into  the  itnigs  of  the  frog  be  entirely  prevented  by  sur- 
^g  the  bead  w^ith  a  Tubher  meinbmne,  life  may  be  pr<*served  in 
I  with  the  air  for  several  days,  and  by  examining  the  composition 
(itmosphere,  if  tlie  frog  be  placed  in  a  conllned  space,  it  will  be 
jliat  the  frog  has  absorlied  oxygen  and  set  free  carbonic  acid«  in 
tords^  the  frog  is  able  to  breathe  without  lungs»  the  respiration 
^on  through  its  skin  being  sullicient  for  its  needs* 
;.€olddilooded  animals  this  degree  of  cutaneons  respiration  is  much 
at  tensive  thau  in  warm-blooded  animals,  while  the  function  is 
^veh>peil  in  warmdjloodeil  animals  whose  skin  is  covered  with  fur, 
I  fcatliers.  In  fact,  it  is  probable  that  whatever  gaseous  inter- 
^does  occur  takes  place  from  the  capillary  net-work  sun^onnding 
teat-glaods.  The  exlialation  of  carbon  dioxide  may  be  readily 
ftrated  by  placing  the  arm  in  a  vessel  containing  distilled  wnttr 
Jch  is  closed  fruia  the  external  atmosphere ;  aller  an  hour*s  im- 
I  only  in  the  water  the  addition  of  lime-water,  by  the  charaeter- 
peclpitate  of  carbonate  of  lime,  will  demonstrate  its  transudation 
k  the  skin. 

p  araonnt  of  carbon  dioxide  eliminated  by  the  skin  may  be  readily 
kned  by  collecting  the  total  amount  of  carbon  dioxide  lilieratcil 

tthe  skin  and  kings  and  tbeu  deducting  tlie  latter  timount  from 
.  Or  it  may  be  directly  measured  by  closing  the  liotly  in  an  air- 
imbcr  and  preventing  entrance  of  the  expelled  air  by  Irreathtng 
k  a  tube.  It  has  been  found  in  this  wny  that  the  aniouut  elimi- 
liy  the  lungs  is,  in  man,  al>out  one  hundred  and  thirty  times  as 
k  passes  through  the  skin.  Tlie  Adlowiug  exi>eriments  by  Keg- 
id  Reiset  indicate  this  amount  in  the  r:\bbit  and  dog: — 


In  Orauujues^ 


2425 
4169 


Duratioii  of  Experiment  In 
Uoursw 


[  S  houTB  2^  miuTRtes 
I  7  hours  '26  minutea 
I  7  boors  33  niinatea 
[  8  bDiirs  50  mmuiea 

42 


CO,  ExIiAled  in  OrammeK. 


Tbrnnjrh  tlic 
HkininOue 
Hour. 


0.358 
0  197 
0.1 3f^ 
0,170 


Thmnfch  the 

One  Hi>ur. 


20.63 
19,38 
39.15 
42.50 
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It  was  long  ago  noticed  that  if  the  skin  be  coveretl  wilU  a  Uiick 
varnish  lU^iith  wi!l  be  rapitlly  produuetL  The  most  probable  erplaiiAtiott 
is  that  hi  acUlition  to  the  rapid  cooling  of  the  body  by  the  diiat&tioa^ 
the  cntaueous  caiJiliaries  the  suppression  oT  perspiration 
retention  in  the  eeononiy  of  some  poisonous  principle,  lor  tlie  ^ 
symptoms  eb^sel^^  resemble  tbo^e  of  poisoning — the  respiration  liee 
slow  and  disiturlied,  the  pulsation  of  the  heart  reduced  in  fre<iadicT, 
and  convulsions  frequently  aeccmipanj  the  (hnd  stages* 

5,  The  Lachrymal  Secretion, — The  lacLr^^mal  glands  Wong  W 
the  group  of  couipouud  nu'emose  glands,  and  secrete  a  fluid  which 
tolerably  rie!i  in  albumiuous  constituents.  The  tears  are  a  colorleal 
liquid  of  salty  taste  and  alkaline  reaction.  They  contaiu  about  1  pet 
cent,  of  solids,  which  consist  of  a  small  amount  of  mucus  and  alhucicD, 
coagulable  by  heat,  and  traces  of  fat  and  mineral  salts.  Of  the  lAttri 
sodium  chloride  is  the  junncipal  representative,  with  a  small  quantii/rf 
alkaline  and  earthy  salts. 

The  folioxving  table  represents  their  analyses: — 

Water.  ,..,..,,  992.00 

Allni men  and  traces  of  mucus.     .        .        .  5  00 

Sodium  t'lilf»r!ih%  ,         .  .         .         ,  ]'.iMQ 

Other  iaorgHiiic  salts,   ......        0.2 

The  lachrymal  secretion  is  continuous  and  is  produced  by  the  dirtrt 
protoi>lasmic  activity  of  the  secretory  cells  of  this  gland:  the  W'^ 
pressure  is  of  special  inHnunce,  and  it  is  probalJe  that  the  hichrvmftti^ft 
which  accompanies  laughing,  coughing,  roraiting,  etc,  is  producd  If 
local  increase  of  pressure  through  the  arrest  of  the  venous  circulnUO^ 

The  lachrynml  secretion,  like  that  forniecl  by  the  other  ^'lapJiii^ 
under  the  control  of  the  ntTvons  system.     Norroall}'  the  lachrYiiml  s««1^ 
tion  is  of  rellex  origin,  the  afferent  impulse  being  eon  due  te<l  eilkf  fr<» 
the  conjunctiva  or  nasal  fossa,%  over  the  first  and  second  branches  of  tk 
trigemiunl  nerve,  from  a  retinal  stimulation,  as  by  intense  bght.ortlii 
some  meuLil  impression.     As  a  rule,  such  stimnli  lead  to  an  inc 
secretion  of  the  glands  on  both  sides,  with    the  exception  of 
originating  in  the  nasal  fossa*  or  conjunctiva,  in  whiclj  case  iIm 
is  uui lateral.     The  secretory  nerve  is  the  iachrymal  nerve,     I*- 
tion  is  followed  by  an  abundant  secretion  of  tears,  while  its  seclioii  P^ 
followed  after  a  time  by  a  continuous  secretion  correspondin?  to  l"^ 
paralytic  secretion  which  follows  section  of  the  chorda  tymixaai* 

Normally  the  tears,  after  passing  over  the  anterior  surfnce  of » 
eyeball,  partially  evaporate   and   pnrtialfy  are   conducted  throu^ll 
Inch ry mid  passages  to  the  nose,  only  when  in  excess  overflowing 
lower  eyelid  and  running  over  the  cheeks.     The  function  of  th**  Uif^ 
to  i>rotect  the  eye  by  keeping  its  surface  moist  and  to  wash  awaj  fc 
bodies. 


SECTION  XIL 

Nutrition. 

fonnd  ill  tit  tlie  lilorxl  m  coiistnntly  losinrr  portions 
'  its  constituents  in  the  formation  of  the  ditForeiit  secretions  and 
ceretious  of  the  body  and  in  stipplying  nutritive  substances  to  the 
flerent  tissues.  The  exeretions  and  tlie  substances  removed  from  the 
ood  in  s  tip  plying  the  tissues  with  nutriment  are  to  be  regarded  as 
^nnanent  losses  to  the  blood,  since  in  the  former  case  the  substances 
I  separated  are  conducted  directly  without  the  body,  while  in  the  Inlter 
ise  they  undergo  modi  heat  ions  in  the  tissues  which  deprtve  them  of  all 
utritive  value.  In  the  case  of  secretions,  on  the  other  hand,  it  has 
(Ccn  found  that  the  losses  which  the  blood  nnder<^oes  in  their  formation 
kfc  temporary,  the  mnltcrs  removed  from  tlic  bloo<l  iu  these  processes 
Hsing  a*^ain  returned  to  it  after  the  secretions  have  fulfilled  their  function. 
The  milk  alone  is  an  exception  to  this  staiemeiit. 

On  the  other  hand,  we  have  seen  that  in  absorption  from  tlu^ 
tlimentary  canal  the  blood  is  constantly  receiving  additions.  TIic 
laknce  l>etwcen  this  income  and  outgo  of  the  blood  constitutes  luitiition. 
If  the  income  exceed  tlje  outgo  the  body  increases  in  weight;  if  the 
er  predominates,  the  body  loses  weight- 
Two  methods  are  opeu  to  us  for  stmlyitig  the  processes  which  are 
emed  iu  tlie  maintenance  of  nutritive  equilibrium.  We  have  found 
I  the  income  of  the  b<*dy  or  the  snhstanecs  which  enter  the  blood  and 
pli  in  the  form  of  peptonic,  sugar,  aibiimen^  suits,  and  fats  are  eon- 
Dted  of  the  elements  of  carbon,  hydrogen,  oxygen,  and  nitrogen  in 
mB  projKjrtions.     It  has  lieen  seen  that  the  waste  products  of  tlje 

[  b<Mly  are  urea,  carbon  ili oxide,  water,  and  salts. 
[We  know  that  nearly  all  the  carbon  taken  in  the  food  is  removed  by 
lungs  and  skin  in  the  form  of  carbon  dioxide;  we  know  that  nearly 
Ihe  nitrogen  tiiken  in  witli  the  food  is  excreted  in  tlie  form  of  urea. 
^11  the  hydrogen  is  excreted  in  the  form  of  water,  while  the  oxygen 

Ies  the  animal  ccononiy  in  combination  with  carbon  as  carbon  dioxide, 
rith  hydrogen  as  HjO. 
The  attemjit  ti*  trace  the  intermediary  stages  through  which  the 
llltuents  of  the  food  pass  before  reaching  tlicse  final  excretory 
lucts  is  accompanied  i^y  the  greatest  dilllculty.  But  little  is  known 
9  the  wav  in  w^hich  these  substances  are  transformed  one  into  the 
'  (659J 
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otlier^  or  as  to  tUe  manner  in  which  energy  is  set  free  and  made  xm  oC 
Certain  of  these  processes  of  conversion  tiiay,  however,  be  followed,  und 
the  fact  that  these  processes  may  in  certain  instanced  be  hjcaic<l  m 
special  tissues,  in  the  continuation  of  the  plan  of  3j>ecia)i3eatioQ  oj 
function,  we  arc,  perhaps,  warranted  in  spejiking  of  certain  tissues 
set  aside  to  elabi>rate  the  raw  niatin*inls  wliirh  result  from  lheai>&oi-ptiaB; 
of  digestive  products  and  to  so  modify  thu  waste  products  as  to  permit 
of  their  ready  removal  from  the  l>od3\  Such  tissues  are  spoken  of  m 
metaliolic  tissue?*,  and  the  stmly  of  the  chomieal  changes  which  occnr  in 
these  tissues  furnishes  ns  with  one  method  of  tracing  the  conversion  uf 
the  substances  absorbed  into  the  matters  exerutetL 

Tlie   other   mctliod   of  studying   the  nulntivc   phenomena  of  Uie 
fiuiinnl  body  is  what  is  known  as  the  sUiti^tical  method. 

We  may,  by  chemically  examining  the  composition  of  the  food- 
stuffs, ascertain  the  total  quantity  of  each  constituent.  By  cb«*micil 
analysis  we  may  also  detcrminL^  the  total  amount  of  these  ditferent  eofi- 
Btituents  reuiuved  from  tlie  budy  in  the  excretions.  By  the  compariaon 
of  the  results  obtained  in  tliese  two  examinations  ^^aluable  condu^ioo^ 
may  be  drawn  as  to  tlie  chan^^cs  which  occur  in  the  body  in  the  <o^ 
version  of  the  income  into  the  outgo.  These  methods  will  he  refeif^ 
tu  in  itirn. 


I.   THE  FATE  OF  THE   ALBUMINOUS  FOOD-CONSTITUEKm 

It  has  been  seen  that  the  albuminous  footl-constituents  in  digc^i**' 
thront^lj  a  process  of  hydration  by  the  action  of  fertnents»  are  conv 
into  peptone,  which  enters  thrun«:b  absorption  into  the  radicals  of  tliff 
tal  vein,  but  an  in  significant  portion  t>eing  absorbed  b^*^  means  of  lht\i^ 
teals<  Wlien  once  within  the  blood-current,  possibly  in  tlie  prticc^s  "^ 
al)sorptiun  itself,  the  j>eptone  must  a[iptavntly  Ik?  reconverted  t<:>  llief««« 
of  allnimen^  for  the  amount  of  iK*ptone  capable  of  detection  in  tbe  ^^ 
Vein,  even  after  an  abundant  albunnuons  diet, is  too  iusignitieaJit  t<>  i^F" 
sent  the  amount  of  albuminous  matters  flbsorl)ed.  We  may,therfforr.^*>^, 
that  almost  immediately  nn  enteri nir  the  blood-current  the  nlbninii 
food-constHuents  are  converted  mainly  into  serum -albumen.  U  I 
further  been  state<l  that  urea  represents  the  end  product  in  tbt*«eD 
decoiu positions  which  the  albuminous  bodies  of  the  tissue*  trntlfi 
The  attempt  to  trace  the  clianges,  commencing  with  albumen  nmi  «'*•'  j 
nating  in  the  production  of  urea,  is,  however,  shrouded  with  tlit*^^^***  | 
obscurit}'.  It  is  known  thnt  tlie  amount  of  urea  remove*!  l* 
of  the  amount  of  albuminou!^  destruction  occurring  in  th* 
Numerous  experiments  have  proved  that  with  the  withdrawal  ©ralH 
the  excretion  of  urea  decreases,  and  tliat  a  sm:dl  amount  < ' 
removed  throui^h  the  urine  until  the  occurrence  of  death  VL 
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ID,  this  evidently  beinfj  fornied  tit  tlie  t^xpense  of  tbo  nlljuminous  con- 
tuents  of  the  tissues.     It  is  furtber  clenr  Unit  l^ie  uxtTction  of  urea  iim  y 

iiJCTeftsed  by  an  ulbuminous  food,  and  tbnt  tbii  nniuuiit  of  urun  eUmi- 
ted  inereasesi  proportitniately  to  tbe  increase  iu  llie  nlbunicn  gi\cn  in 
i  food.  Urea  is  not,  bowever,  a  simple  product  of  oxitlation  of  i^lbn- 
nous  bodies,  but  is  a  product  of  complicated  decoinijositiuus  i^  bicb 
*  pi*culiar  to  tbe  animiil  botly,  and  whirb  are  accompanit'd  by  tbc  jiro- 
ction  of  ijucb  bodies  us  kivatin,  albintoin,  guiinin,  xantbin,  and  niic 
d.  It  is  not  improbable  that  tbe  albumen,  like  nnuiy  of  tbese  inter- 
diary  products,  retains  the  nitroiren  in  tbe  furm  of  a  cyaiioiren  nulicab 
i  that  it  is  only  in  its  conversion  into  urea  that  by  tiie  re-arriingement 
the  nitrogen  it  Ijecomea  converted  into  a  memlter  of  the  anude  group. 
In  the  sketeli  wtdt-b  we  have  jriven  of  the  chemical  processes  eiceurring 
tbe  animal  bo<ly  it  was  mentioned  that  nric  acid  mijibt  be  retiarded  ns 

antecedent  of  urea,  since  the  adnu lustration  of  uric  acid  to  animals 
followed  by  an  increase  in  tbe  amouut  of  nrca  renioveil  by  tbe  kidueys, 
lis,  however,  applies  only  to  tbe  case  of  mamuials,  for  the  reverse  is 
ticod  in  birds,  where  the  administration  of  nrea  increases  the  uric  acid 

tbe  urine,  indicatinuf  in  tlie  latter  case  a  process  of  synthesis  rather 
BJi  of  destruction.  It  cannot  be  assumed,  however,  that  urea  is  iuvari- 
•l)"  preceded  by  the  iiroduetion  of  uric  acid,  or,  iu  other  words,  that  it 
suits  from  a  further  oxidatiiui  of  the  latter. 

From  an  examination  of  the  constituents  of  t)ie  d liferent  tissues, 
icii  as  the  musctes,  tbe  liver,  the  sjileen,  aud  all  or<zans  in  which  it  is 
nown  that  the  destruction  of  albuminoids  takes  place,  the  detection  of 
Hrofjenous  crystal  line  bodies,  such  as  kreatin,  xanthin,  hypo-xantliin, 
ftc.,  woubl  irulieate  that  tliey  are  also  products  of  tbe  destruction  of 
dbinaen  ami  perhaps  anteceilents  of  nrea.  In  tbe  ease  of  kreatin  it 
iMbeen  found  that  muscular  tissue,  uuder  nearly  all  circumstances,  will 
Hnitain  from  two-tenths  to  four-tenths  of  1  per  eenL  of  this  body;  and 
^inee  kreatin  is  a  dilfusilde,  cryf^talline  body,  it  mu^t  further  be  assumed 
kt  large  quantities  of  it  are  continually  entering  tlie  blood-current  from 
ha  uniscubr  tissue.  An  examination  of  the  urine  agaiu  shows  that 
:nmtin  and  kreatinin,  into  wliich  tbe  former  is  readily  converted,  are 
cnstant  constituents,  aud  the  supinisition  miglit  at  Drst  appear  warrant- 
Me  that  the  kreatiu  formed  in  the  activity  of  muscular  tissue  after 
Uteri ng  the  blood  is  at  once  removed  witbout  cliange  by  the  kitbie^^s, 
*his  hypothesis  is,  however,  negatived  by  t!je  fact  that  inereased 
Irtscidar  activity,  wbicb  leads  to  the  increase  in  the  formation  of  kreatin, 
De«  not  lead  to  increase  in  tbe  kreatin  eliminated  by  the  kidneys.  On 
le  other  hand,  during  starvation  the  kreatin  entirely  disappears  from 
ie  urine;  so  that  it  would,  therefore,  ap[)ear  that  the  kreatin  eliunnated 
irongb  tlie  kidneys  does  not  represent  tyssue  waste,  but  a  product  of 
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the  breaking  down  of  the  albuminous  foorl-constitoents  wbicli  luis  cojOp 
Tiicnced  in  tlie  intestinal  caniil,  iK^rljupa  tlj rough  the  fbnnation  of  leocin 
and  tyros  ill.  Again »  it  seems  clearly  established  that  inerease  in  mus- 
cular exercise  leads  to  an  increase  iu  the  elimination  of  urea.  Since, as 
hiiH  been  stated ,  the  ainovnit  of  krt^iitin  formed  by  the  nnisi.'les  increases 
with  exercise,  and  the  amonut  ol'  nrea  elinunated  by  the  kidiin* 
increases  under  the  same  cireumstanees,  it  would  Hpi>car  warmiitai^li* Ui 
assume  that  the  kreatin  resulting  frt»m  the  breaking  down  of  lli«  alliu* 
minous  tissue'constituents  of  muscles  and  nerves  represents  iht*  main 
source  of  urea.  As  to  where  this  conversion — which,  it  sljould  lie  sUitml, 
can  only  be  acknowledged  to  have  a  certain  degree  of  probability— 4alt« 
place ^  but  little  positive  information  can  be  given. 

It  does  not  occur  solely  in  the  kidney,  for  the  sujipression  of  nriiif 
is  followed  by  an  accumulation  in  the  system  *d'  a  large  amount  r>f  arra. 
Again,  the  urea»  under  all  ci  re  urn  stances  J  s  a  constant  constituent  of  lb 
blood,  indicating  that  even  if  a  part  of  the  nrea  be  formeil  in  tt»r 
kidnej's  the  renal  epithelium  is  not  the  sole  source  of  the  manufacture  of 
lUia  body.  As  to  where  kreatin  becomes  converted  into  urea  no  lUta 
can  be  given. 

Another  possible  source  of  urea  may  be  ftuind  in  the  |mnbicli<^ 
the  decomposition  of  albuminous  matter  m  the  intestine.  It  has  liet-n 
eeen  that  the  introdnetiou  of  a  htrge  amount  of  pn»teid  in  the  alimonUn 
canal  is  followed  l«y  a  corresj*onding  increase  in  the  amount  of  «rr» 
eliminated.  It  is  further  known  that  tlie  excess  of  proleid  over  «»t^ 
above  that  needed  for  nutrition  in  the  alimentar\^  canal  breaks  dowv 
under  the  inHuence  of  i>auereatie  digestion  into  lenein  and  tyn>sin.  If 
leucin  l^e  itself  introduced  into  Ibe  intestinal  tube  the  amount  of  in^ 
elinunated  will  be  proportitniately  inereaserb  Leucin,  therefore^  W 
represent  a  step  in  the  [U'ocesses  of  conversion  of  albumen  into  urta.  I" 
the  latter  case  we  can  pndialily  b^cnte  the  conversion  of  lenein  into«in» 
in  the  liver,  for  the  liver,  unlike  other  glands,  normally  eontiiins  l»^*' 
quantities  of  urea;  and  if  we  again  assume,  as  perhaps  seems  warrant^l* 
that  the  lenein  is  absorbed  by  the  portal  vein,  the  Ibrmation  of  urefl  ^^^^ 
of  leucin  would  be  a  natural  e<melusiou. 

Uric  aeid  Ijaa  also  been  found  to  l>e  a  constivnt  constituent  of  tl^ 
urine  of  carnivora  and  of  stickling  herbivora.  It  is  never  met  witb  i» 
the  free  condition,  but  in  the  foi m  <^f  uric  acid  salt8.  In  the  unnet'^ 
birds  and  reptiles  it  replaces  ureii.  It  also  evidently  results  fron  tbt 
deconi[Misit'Hin  of  proteids,  an*I,  |icrha])s,  under  certain  elrciimi$tanec$i,  i^ 
an  lujtceedeiit  of  urea,  since  by  oxidation  one  nioleeulc  of  uric  acid  may 
be  split  up  into  two  molecules  of  urea  and  one  molecule  of  mesostalit 
acid.  This  is  not,  however,  to  l>e  reganled  as  invariably  takins!  pi 
but  the  majority  of  evidence  would;  perhaps,  point  to  the  formation  ul 
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irfc  ncitl  by  n  process  of  decomposition  of  albuminous  rnntters,  (Ufreriiig 
ligbtly  from  that  which  rcsull**  in  the  protlnctioii  of  urea.  Sarkin  aiul 
anlliiD,  liy  pro|i:rcssivc  oxidiUioii,  iiii^ht  jicrliaps  be  converted  into  uric 
Did,  ami,  since  they  are  us^iinlly  fouiitl  acconipfinjing  each  other,  will, 
erbaps,  imlicate  one  source  of  uric  acicL 

Sarkin,  xanthin,  antl  uric  acid  differ  from  eacU  oIW'T  only  iu  one 
iota  of  oxygen,  thus : — 

Siirkin      =C,H,N,0. 

Uric  aciil-^r^U^N/J,, 

B  to  where  this  conversion  takes  phice  we  ha%^c  no  data  to  fall  back 
1,  except  that  it  does  not  orcnr  in  the  kidneys,  fur  the  excision  uf  the 
.dneys  or  the  ligation  of  the  tenal  vessels  leads  to  an  accumulation  of 
ric  acid  in  the  economy.  Of  the  different  localities  where  uric  acid 
espec*lally  met  w^ith  the  spleen  uceupies  the  first  position.  In  the 
;»leen  uric  acid  is  constivntly  funnrl  in  large  qimiitities,  even  in  the  hcr- 
Ivora,  whose  urine  is  free  from  nric  acid;  and  conditions  which  lead  to 
Q  increased  blood  supply  to  the  f?i>lecn,as  in  its  enlargement  in  nialarinl 
iscases^  lead  also  to  au  increased  excretion  of  uric  acid.  The  sjilceu 
lAy  therefore  be  looke<l  upon  both  as  the  place  of  origin  of  uric  acid  iu 
tie  carnivora  anci  of  its  destruction  in  the  Lcrluvora, 

In  the  berbivora  uric  acid  is  represented  by  hippuric  aci<l,  wlfich 
lifers  from  nric  acid  in  containing  three  atoms  less  of  nitrogen,  one 
torn  more  of  carbon,  and  five  atoms  more  of  liydrogeu. 

Its  formula  is,  therefore,  CVt^NO,. 

In  the  hi-rbivora  tlie  bippuiic  acid  of  the  urine  represents  a  peculiar 
iecon]|>ositton  occiu'nng  in  their  food.  Hippuric  ncid  is  a  com|)ouud  of 
•^zoie  acid  and  glycochol,  and  the  administration  of  benzoic  acid  to 
^y  animal,  whether  carnivorous  or  herbivorous,  will  result  in  the  climi- 
l*ibn  of  hippuric  acid  through  the  kidney's. 
^KThls  process  of  synthesis  may  be  represented  as  follows  ; — 
H  C.HjCOOlI  H^KIIaCnaCOOU^^Cgn^NO,  +II.O. 

^"Hippuric  acid  has,  therefore,  its  origin  in  the  food.  As  long  as  the 
*«rl)ivora  arc  1  icing  suckled,  or  when  fasting,  it  is  absent  frruu  the  urine, 
►titnppi-ars  whenever  vegetable  matter  is  added  in  sutlicient  quantity  to 
he  food.  Certain  forms  of  vegetable  food  are  not^  however,  followed  l>y 
be  elimination  of  hippuric  acid,  Hippuric  acid  is  absent  from  the  urine 
"^  aimiials  fed  on  peas,  wlieat,  oats,  or  |>otatocs,  but  nearly  all  grasses 

k however,  followed  by  its  a|>pearancc  in  the  urine. 
When  benzoic  acid  is  given  to  animals,  hippuric  acid  is  invariably 
(i  i  n  t  he  u  r  i  u  e ,  and  a  n  ex  a  i  n  i  u  !i  ti  o  n  o  f  t  h  e  v  ege  ta  1  >1  e  m  n  tte  rs  w  h  os  e  u  sc 
t  food  is  followed  by  the  fornmtion  of  hi]>puric  acid  will  ucnriy  always 
dicate  the  presence  in  such  foods  of  benzoic  acid  or  some  allied  body. 
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Glycoehol,  tb rough  who?o  unioo  with  benzoic  acid  hippuric  «:«U« 
formetl,  is  mamifiictured  in  the  liver,  the  formation  of  bippuric  icid 
occurrmji:  probublj  both  in  tlie  liver  and  kidneys. 

II.  THE  FATE  OF  THE  FATTY  CONSTITUENTS  OF  FOOD. 

It  has  been  fonnd  tliat  the  fats  contained  in  the  food  are  largtlj 
absorbed  unelmntred  in  the  form  of  an  emulsion,  a  small  fraction  oaly 
l>eing  converted  into  futty  sofips,  Such  absorption  was,  moreover,  found 
to  occur  mainly  by  means  of  the  ebyle-tUicts  and  only  partially  tbrougli 
the  blood-vessels.  It  may,  therefore,  be  stated  that  fats  are  absorbed 
unchanged  in  the  forms  in  which  they  enter  the  alimentary  canal.  The 
attempt  to  trace  the  progress  of  the  fats  through  the  atiimal  IhkIv  will 
l>e  aided  by  the  study  of  the  changes  which  occur  in  the  adi(>oi»e  tissue. 
This,  of  all  the  tissues  of  the  body,  varies  most  rapidly  and  in  wiil«l 
extremes.  Within  a  short  space  of  time,  as  in  starvation,  the  adipo«e 
tissue  of  t!ie  body  may  almost  totfilly  disappear ;  while,  on  the  other  haiA 
it  may,  under  exceptional  circumstances,  accumulate  with  the  jri^tat 
rapidity.  In  describing  the  hifitology  of  adipose  tissue  it  was  stnle<l  ikkt 
the  oil-globules  appeared  in  the  centre  of  the  connective-tissue  cor|>ii«*eles 
and  at  their  expense,  and  tlie  process  was  likened  to  the  TnTtritivi*[iire- 
bension  of  food  in  a  small  mass  of  undiflerentlaied  protoplasm,  such  as 
the  amcBba. 

The  fat,  we  have  seen,  enters  the  blood  in  all  important  respefts 
unchanged,  and  the  simplest  explanation  of  the  development  of  tbeiili- 
pose  tissue  would  \m  to  suppose  tliat  tfie  connective-tissue  corpnsclH, 
l>y  a  process  of  vital  ap[>ro[iriation,  pick  out  the  oil-globules  frouilli* 
fluid  iu   which  they  are  bathed.      Sevenil  difUculties,  however,  opf"** 
this  simple  theory,     Iu  the  first  place,  it  is  well  known  that  but  »  snttll 
ainuunt  of  fat  deposited  in  adipose  tissue  can  come  directly  fnun  the  fet 
of  the  food  :  for,  as  is  well  known,  the  butter  in  cream  is  far  in  excess  "^^ 
the  fat  contained  in  tlie  food,  and  it  has  been  shown  that  in  a  fatteni*^? 
hog  for  every  one  hundred  parts  of  fat  in  the  food  four  humlreil  9^^ 
seventy -two  [mrts  are  stored  up  as  adipose  tissue.     Again,  if  auimnla*'' 
fed  on  a  meat  tliet  and  soaps  they  accumulate  adipose  tissue — a  pnii'*^ 
which  is  scarcely  capable  of  being  explained  by  the  re-trans  formal  ion  of 
the  fats  by  taking  up  glycerin  and  giving  up  alkali. 

On  the  other  hand,  the  fats  of  diilerent  animals  difler  in  composiUOBr 
and  if  two  animals  of  diifereiit  species  arc  fed  with  the  same  fat  tbi 
chemical  composition  of  their  adipose  tissue  will  vary.  Thus,  for  ex.* 
ample,  if  a  dog  be  fed  with  meat,  palniitiUf  stearin,  and  soap,  the  fal 
of  its  adipose  tissue  will  be  found  to  contain  olein  fat  as  well  as  palmitll|. 
and  stearin.  So  it  is,  therefore,  clear  that  the  latter  neutral  fat  must  harf 
been  manufactured  by  the  organism. 
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r  :i  luan  dug  he  fed  on  ft  diet  of  mcnt  and  spermnceti^  ti  large  nniount 
ipose  tissue  mtiy  be  accumuhited,  in  which,  however^  but  a  tnvee  of 
iiceti  may  be  fonud.  Again »  fat  alone,  as  we  know,  ig  incaimble,  as 
,  of  sustaining  Ufe,  altbnufj:b  it,  to  a  certain  extent,  saves  tfie  wast- 
tissue;  so,  as  a  conseqnence,  when  tat  alone  is  given  as  a  food, 
lUDOUtit  of  urea  exereted  by  the  kidneys  is  less  than  would  l>e 
Ited  by  a  starving  animal.  This,  evidently,  is  to  be  explaijjed  by  the 
tliat  fat,  being  readily  oxidized,  is  nqjidly  eon  verted  into  carbon 
Ide,  which  is,  of  course,  eliminated  in  the  expired  air  and  serves  to 
Itfdu  extent  to  spare  the  elindnation  of  the  jjroteids  in  oxidation. 
It  is,  then,  clear  tliat  in  the  animal  body  hits  are  made  from  some- 
[  which  is  not  fat.  Two  possibly  sources  of  fat  suggest  themselves, 
known  that  the  nitrogen  of  urea  represents  the  total  amount  of 
jgen  pasisiug  through  the  botly,  and  tlmt  a  certain  qnantiiy  of  urea 
bundreil  gnimmes)  represents  a  certain  quantity  of  protcids  (three 
red  grammes).  If,  however,  we  estimate  the  quantity  of  carbon  in 
mndred  grammes  of  urea,  we  will  find  that  a  large  amount  of  enrbon 
nns  una<.'Connted  for.  Fart  of  this  evidently  goes  olf  as  carbon 
de.  It  is  probable  that  the  remainder  is  fixed  in  the  body  as  fat. 
k\\  therefore,  t>e  assumed  that  proteiils  split  np  into  non-nitrogenous 
Ditrogenous  compounds,  the  former,  when  not  conq>letely  oxidized 
fcarlwn  dioxide  and  water,  being  deposited  as  fat,  the  latter  leaving 
jody  oxidized  as  urea.  Other  illustrations  as  to  the  development  of 
Vom  proteids  may  be  readily  given.  Thus,  in  the  pancreatie  diges- 
0f  proteids  fatty  nvuVs  may  be  develoi>ed.  The  fatty  degeneration 
ifnscle  is  evidently  due  to  the  decomposition  of  pniteids,  while 
bIs  fe<l  (m  a  pure  diet  of  lean  meat  with  a  small  jimonnt  of  fat  will 
bit  in  their  tissues  more  fat  than  is  contained  in  the  frKnb 
Still  other  lines  of  study  point  to  the  development  of  fat  from 
ids.  It  is  known  that  in  poisoning  with  pho*4ph(trus  various  organs 
In  proteids  undergo  fatty  degeneratioji,  and  that  the  fat  «o  formed 
IOduced,at  the  expense  of  the  tissue-albumen,  the  fat  being  formed 
[the  non-nitrogenous  residue  of  the  proteids  after  the  formation  of 
,    Ti»e  following  experiment  proves  this  :■ — 

t large  dog  was  allowed  to  fast  for  twelve  days,  so  freeing 
lies  almost  entirely  from  fat,  and  was  then  slowly  poisoned 
I  pliosphorus,  Deatli  occurred  on  the  twentieth  day  of  fasting. 
Ire  i>oi6ouing,  from  tlie  fifth  to  tlie  twelfth  dfiy  of  fasting,  the 
nation  of  urea  in  the  nritje  was  about  constant,  and  amounted 
is  grammes  daily;  as  a  eonseqnence  of  the  phosphorus  poisoning 
llimination  of  urea  was  greatly  increasetl,  amounting  at  last  to  23.9 
fcmes  daily,  or  more  than  three  times  the  normal  aim  unit  removed 
g  fasting.     Tlie  post-mortem  examination  showed  extensive  fatty 
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degeneration  of  various  organs,  the  increase  in  urea  eliiDination  proving 
lliat  the  fat  was  derived  from  the  allmment 

As  rej^iirds  the  carbohydrates,  which  may  also  be  regawled  w  » 
possible  8oiti'ee  of  fat,  considerable  doubt  exists  as  to  the  manner  h 
which   they   act.      As   is    well  known,   carljohyd rates    are    always   an 
impurtiiut  i.-onstitucnt  of  fattening  foods,  and  it  nniy  Ije  uH^nined  tntbcr 
that   the   carliohydmtes,  being   themselves   readily  oxidizcil,  save  tlw- 
non-nitroa:cnoiis  l>odies  derived  from  the  pro te ids,  and  so  enable  them  W 
be   converted  into  fat,  or  tliat  they  may  be  directly  concerned  in  tbe 
formation   of   fats.     It  is  clear   that   carbohydrates   may  nndcrg^o  tlii> 
bntyric   acid   fermentntion,  and   otlier  ferment   actions  niig:lit  likewise 
serve  to  manufacture  other  fat«.     Thus,  Pasteur  claims   that  glycerin, 
which   is  tilt:   basis  of  neutral  fats,  may   be   formed   from   pure  ctarbo- 
hydratcs.     It   is   probable,  therefore,  that   in  both  of  these  ways  the 
carljohyd rates  serve  to  increase  tlie   adipose  tissue  of  the  body  both 
directly  and  by  ennbliuL^  the  non-nitrn*;:enoMs  ninttiTs  derived  from  tlic 
proteids  to  Im  converted  into  l\it  and  stored  up  as  such. 

The  following  experiiuents  recently  nifide  in  Vienna  with  a  lio^ 
thirteen  mniiths  ohl  and  weiirliiiig  one  hundred  and  forty  Jiitos  an?  of 
special  iiiUTcsL  in  this  couJiectiou  :  Twu  kilos  of  soft-Wiled  rice  irtrc 
given  daily  as  fodder,  ainl  a  connmrison  of  the  income  and  ouip 
demonstrated  tlie  daily  tleposit  in  the  tissues  of  thirty-eight  gnimiaaof 
albumen  and  3i)L8  grammes  of  fat.  For  the  development  of  lljt?  bttcr 
at  most  only  65.4  grammes  of  proteid  in  the  food,  corresponding  to  31< 
grammes  fat  and  7.SJ  grammes  fodder  fat  can  be  reckoned  on,  TIk* 
excels  (35L8  —  41.5=310.3  grammes),  or  88,2  per  cent,  of  tlik^  entire 
amount  of  tiit  de|)osited  iu  the  body,  can  onl^'  liave  been  derived  (wO 
the  car boliyd ratios  of  the  food- 

So,  also,  in  the  case  of  geese  and  bees,  thif  development  of  hi  tT<M 
carbohydrates  admits  of  proof.  The  dog,  however,  like  other  eaniivotJr 
seems  incapiible  of  developing  fat  from  carbohydrates 

IIL    THE  FATE  OF  THE  CJLRBOnYBRATE  FOOD-COXSTlTtrEXTS. 

The  metamorphosis  of  the  carbohydrate  food-constituents  may  ^ 
somewhat  more  readily  followed .  It  has  been  seen  that  under  the  in  6  w*"'^^'^ 
of  the  salivary,  pancreatic,  and  intestinal  ferments,  starch  an«l 
are  turned  into  maltose  and  cane-sugar  into  invert-sugar,  the  - 
such  entering  the  blood  by  absorption ;  or,  in  a  rich  aroylact^out  JiA 
splitting  up  in  the  intestine  into  lactic  and  butyric  acids.  In  tla*  l'J<*^"' 
the  sugar  is  eitlier  reconverted  to  a  nieml)cr  of  the  stareli  ^^'^\' 
(glycogen)  in  a  process  to  be  considered  directly,  or  is  rapidly  oii<iii'^' 
into  CO,  and  IT,0,  the  intermediary  i^rodncts  toeing,  however.  aiilnJt>«i^ 
That  sugar  is  directly  oxidized  would  seem  probable  from  the  Cict  ^^ 
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irhen  on  an  amylaceous  diet  a  larger  proportion  of  the  inspired  oxjgen 
18  returned  to  the  atmosphere  as  CO,  than  when  on  animal  diet.  It 
iroald  api)ear,  however,  from  the  fattening  which  occurs  on  excessive 
carbohydrate  diet,  that  this  oxidation  is  not  complete,  but  that  part  of 
the  carbohydrates  remain  in  the  bod}'.  It  has  been  already  mentioned  that 
ilbaminoids  may  split  up  into  fat,  and  it  will  be  shown  under  the 
Hitistical  consideration  of  nutrition  that  the  addition  of  carbohydrates 
to  a  rich  albuminous  diet  spares  a  certain  amount  of  albumen  from 
destructive  oxidation,  and  in  this  way  carbohydrates  may  lead  to  the 
deposit  of  fat.  On  the  other  hand,  the  connection  between  the  carbo- 
iijdratesand  fat  must  be  closer  than  this,  for  bees  on  a  pure  diet  of  sugar 
we  able  to  manufacture  wax, — a  substance  closely  allied  to  the  fats. 
Besides,  it  has  been  shown  that  in  the  putrefaction  of  carbohydrates,  in 
Edition  to  lactic,  butyric,  and  caproic  acids,  fixed  fatty  acids  are  also 
developed ;  and,  since  a  similar  fermentation  occurs  in  the  alimentary 
(7anal,  it  is  possible  that  these  fatty  acids  are  in  the  body  converted  into 
iieutral  fats. 

The   seat  of  the  oxidation   of  the  carbohj-drates  is  to  be  found 
Hciainly  in  the  muscles,  as  evidenced  by  the  shortness  of  breath  produced 
V}'  excessive  muscular  exertion,  for  it  is  only  natural  to  suppose  that  the 
^ore  rapid  breathing  is  to  enable  the  body  to  get  rid  of  the  decom- 
I^osition  products  normally  removed  through  the  lungs,  i.e.,  CO,,  and  to 
introduce  larger  amounts  of  ox\^gen.     The  fact  maj-,  however,  be  proved 
fflirectly  by  estimating  the  COj  in  the  venous  blood  coming  from  a  con- 
tracting and  resting  muscle.     That  the  CO,  thus  formed  in  muscular 
motion   is   from   oxidation   of    the   carbohydrate,   and   not  albuminoid 
muscle    constituents,   is   proved    by   the    following   facts :    An   animal 
in  a  given  time  accomplishes  a  certain  amount  of  muscular  work,  and  by 
the  estimation  of  the  urinary  constituents  it  may  l)e  determined  how 
much  albumen  has  undergone  oxidation.     The  comparison  of  the  amount 
of  work  represented  by  the  combustion  of  this  amount  of  albumen  and 
the  amount  actually  accomplished  shows  that  the  latter  must  have  been 
at  the  expense  of  the  combustion  of  some  other  substance  than  albumen. 
This  substance,  in  all  probability,  consists  of  carbohydrate  material. 

In  addition  to  the  changes  already  sketched,  the  carbohydrates  are 
closely  concerned  in  the  function  of  glycogenesis,  or  the  forniation  of 
glycogen  in  the  liver, — one  of  the  processes  of  metabolic  change  which 
has  been  most  clearly  localized.  When  comparative  estimates  arc  made 
as  to  the  amount  of  sugar  contained  in  the  hepatic  and  portal  veins, 
contrary'  to  what  would  be  expected,  it  will  be  found  that  in  the  hepatic 
vein  sugar  is  constantly  found,  even  though  none  may  be  present  in  the 
blood  of  the  portal  vein.  So  far,  therefore,  from  destroying  sugar,  as  was 
formerly  supposed,  the  liver  is  evidently  concerned  in  the  manufacture 
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of  siij2:ar.  Even  alter  deiith,  if  the  blooil  be  removetl  from  iUe  liver  hj 
iiijectiiig  water  tliroii^li  tlie  portal  vein,  it  will  be  round  that  after  every 
mice  of  sugar  lias  disapjx^ared^  if  the  liver  be  alloweii  to  stand  for  a 
time  in  a  warm  place)  the  repftitiun  of  these  injections  wiU  again  removt 
sugar  from  the  liver. 

If  the  liver  be  removed  from  an  anlnml  immediately  after  death  ftD< 
divided  into  two  portions,  if  one  of  these  is  thrown  immtnUalely,  aftcf 
rapid  mincing:,  into  a  larg-e  qtiantit}'  of  previonsly  pre j wired  Imiliwg  nattf, 
an  oi>ale^eeiit  decoctiun  will  be  obtaintid  which  will  couUiin  lmn?J)  i 
trace  of  sugar.  If  a  decoction  be  made  of  tlie  other  jKirtion  at  tite 
liver,  after  uliowing  it  to  remain  for  several  hours  in  a  warm  place,  lb 
decoction  will  be  clear,  and  not  opalescent,  and  will  contain  large  quAfl' 
titles  of  reducing;  sngiir. 

On  the  otlier  hand,  if  to  a  small  quantity  of  the  opalescent  decoction 
which  was  free  firom  sugar  be  added  a  few  drops  of  stall va,  or  of  liie 
dinstittic  fermeuts  of  the  pancreatic  juice,  BUgiif  will  be  ahmidantJ/ 
formed. 

It  is  eviilent,  therefore,  that  the  liver  contains  something  whicii  w 
capable  of  IxMiitr  conierted  into  sugar  through  the  influence  of  witue 
fennent  contained  either  in  tlie  liver-cells  or  in  the  blooih 

If  the  opalescent  infusion  be  tested  with  iodine,  a  mahogaoy-ml 
color  will  Ijti  formed  ;  it  is  evident,  therefore,  that  this  snlmlaiiceis^souir- 
wluit  of  tlic  lint u re  of  dextrin  or  starch,  and  Bernard^  it^  discus *;nif, 
gave  to  it  the  name  of  glycogen. 

Oly*'oj|rpn  may  he  obtained  frnm  such  a  deroclioo,  aHer  mnidly  < ' 
surrouadmg  U  by  w  freezing  mixiuri!  of  snow  and  salt,  by  Ihe  jiUerrmt^ 
of  lij'dr<>clih>rlc  ucid  luid  the  potasso-niercurio  iodide  «omiu»n*  until  i 
precipitate  occurs.  Hy  this  mc^;ifi»  the  alhuminong  eon^tituf^nt*  nr»- 
This  precipitate  should  be  fllferud  otf»  and  j^lycot^en  may  he  pi 
flilrnte  lij  tlie  additiou  of  alcoijf)!  yntil  about  «iO  per  cent  ot 
presicnt  in  the  mixture.  The  irlyr(><r«*a  is  ihen  to  be  cr»necu'ii  r.ti  .  mtii  "■ 
wasbed  whb  tjfl  jkt  cent,  ulcobtd  until  the  wasliinjrs  jrive  no  cJoudinr^Hj  irrih  • 
mixture  of  dilutt'  caustic  putuslj,  aitimonia.  and  atnmonium  ebh>ride  h  (» t'l^™ 
to  l>e  watilied  with  alciihol  and  etlicr.  Tlie  glycogen  rcniainiiii:  silmuM  tb*n  *' 
dried  on  a  ijiece  of  pomuf*  earthenware  at  a  inotlenite  lenjp4-nitnr»v  V  tti^t  ^' 
furlber  puriticd,  if  necessary,  by  dissidvin^  in  hot  water  and  psv 
alcoliol  coaiaiulng  a  liitle  ammonia,  rediftsolving  as  bcfure,  and  pr« 
spirit  cnntainin;;  a  little  acetic  acid. 

This  lu.it  precipitate  should  then  be  washed  with  alcohol  and  ether.  •»!  ^^^ 
dried. 

As  obtained  by  this  method,  ^rlyeogen  is  a  white,  amorphau**  o<^ 
nitrogenous  substance,  which,  with  water,  forms  an  oiialeseent  kjIhw*^ 
and  rotates  the  plane  of  polarizeil  light  stronglj'^  to  the  right  to  tl*** 

♦The  potftfl#.ri,tnerrnHe  ItHllde  solotlnii  I0  prepared  by  precfpitntlnjf  •  i«tt^ 
ftolutlou  of  pitiafi&k'  iodide  wltb  a  e&turaled  solution  of  raercurlc  cliloriJ*.  tsA.*^ 
WB^hitig  the  preelpiute,  makluif  a  witurat^?d  »oJutfoii  of  It  In  «  bot  •oloUoiio' J**^" 
iodide. 
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[times  the  degree  possessed  by  grape-sugar ;  it  is  iwoilorless  and 
iLle  in  ulcoliul  ur  ether.  Untler  the  aetiou  of  tlie  sjilnary  or  luiit- 
e  fenneiits,  nameJy,  diastase,  or  the  aetion  of  dilute  iiiinerul  iicids, 
ionverttHl,  like  other  carbohydrates,  into  a  mixture  of  iiialtose  and 
in.  Its  IVn-mula  may  be  given  as  a  multiple  of  C«H,pOa, 
Hyeogeri  is  not  condned  to  the  liver-culls^  although  its  presence  may 
jogiiii5e<l  there  by  treating  a  section  of  hepntie  tissue  with  iodine, 
it  may  be  recognized  by  the  characteristic  red  staining  witli  iodine 
i  iieigld>orliofKl  of  the  eeil-nucleus*  It  Is  present,  also,  in  the  pla- 
I  in  innscuhir  tissue,  white  blood -t^ells,  the  brain,  and  in  various 
foiiic  tissues.  From  the  fact  that  it  is  Ion  ml  in  hugest  amount 
iming  tissue  it  w^duld  appear  to  be  especially  concerued  in  the 
imena  of  development. 

*ht  amount  of  glycogen  which  may  be  present  in  the  liver  varies  in 
Irtde  amount^  from  a  maximum  to  an  absolute  absence,  the  amount 
dc^iendent  upon  the  state  of  the  nutrition  of  the  animal.  If  a 
*  is  allowed  to  starve  t<i  death,  aiul  its  liver  tie  t rented  as  described 
l|  it  will  be  found  that  the  decoction  of  the  liver  will  be  absolutely 
rom  glycogen.  In  other  w^ords,  it  would  appeur  that  the  glycogen 
rivcil  from  the  food-sLuffs  wldeli  are  absorb<^d  by  the  walls  of  the 
(itary  tract  and  are  carried  hy  the  portal  vein  to  tiie  iiver.  If  it 
termined  by  experiment  how  long  starvation  must  be  continued  to 
re  all  traces  of  gl}  cogen  from  the  liver,  and  al\er  the  lapse  of  such 
terval  the  animal  be  abundantly  supplied  with  carbohydrate  food 
ben  killed,  it  will  be  found  now  that  the  liver  has  rcgaiued  its 
tof  glycogen,  ami  that  the  decoction  now  macle  will  show  the  niaxi- 
Xjuantity  of  glycogen  present.  If  after  starving  for  the  same  length 
le  the  animal  be  fed  with  a  meat  diet,  a  certain  amount  of  glycogen 
Uo  be  detected  in  the  liver,  but  in  mucli  less  amount  than  after  the 
Ii3*drate  diet. 

fhe  question  arises  at  this  point  as  to  whether  the  glycogen  so 
oped  originates  from  the  albuminous  constituents  of  the  meat  diet, 
is  known  that  meat,  especially  the  meat  of  the  horse,  w  lilch  is  cnv 
"d  in  such  experiments,  contains  representatives  of  the  carbohydrate 
k  This  question  may  be  settled  by  substituting  a  pure  albuminous 
fcnce  as  diet,  and  it  will  then  be  found  that  although  the  amount  of 
igen  olitainable  from  the  liver  is  larger  tlum  that  obtained  from  a 
tag  animal,  it  still  falls  below  the  amount  obtained  after  feeding 
meat.  It  would,  therefore,  appear  that  the  develoi>mcnt  of  glycogen 
te  m'eat  diet  is  only  partially  due  to  the  conversion  of  the  albuminous 
Ituents  of  the  food  into  glycogen,  but  mainly  to  the  carbohydrate 
ittuents. 
tf  a  starving  animal  be  fed  on  a  fat  diet,  even  though  abundant,  no 
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m^re  {rlyco^en  will  he  foiind  in  the  liver  than  would  be  obtainable  fnm 
this  organ  in  a  starving  aiiiinaL  It  woiiM,  tlierefore,  appt-^iir  that  wljile 
the  amount  of  glycogen  in  the  liver  is  dependent  upon  the  food,  il  u 
especially  the  carbohydrates  which  are  the  sources  of  this  substance. 

As  already  btated,  the  digestible  carbohydrates  in  the  alimentary 
canal  are  converted  into  some  form  of  angar,  are  absorbed  by  tbe 
intestinal  walls,  and  enter  the  blood  of  the  portal  vein,  and  are  thu*  canieil 
to  the  liver*  As  is  well  known,  the  food  of  lierbivora  is  con^tltiiktl 
hirgely  of  carbohydrates,  and  these  snlmtanccs  can  only  be  ab&urlre<l  aflcf 
being  converted  into  sugar.  On  the  other  hand,  it  is  well  known  thai  tbir 
presence  of  sngar  in  the  blocjfl  al»ove  a  very  small  percentage  al  once 
leads  to  its  eliinumtiotj  through  the  kidneys,' constituting  glycn^uria. 
Admittinfr,  tborufnre,  that  large  quantities  of  sugar  in  these  anrmai* 
enter  the  blood  through  the  wtdls  of  the  alimentary  canal,  two  poa*ibt]» 
ities  arise — eitlier  it  is  eliminated  as  n\ptdly  as  absorbed,  or  it  at  oaci?, 
through  eumbnstioMT  serves  in  the  development  of  heat, 

Neither  of  these  possibilities  are,  however,  act mdly  the  case, aince 
even  a(\er  the  richest  carbohydrate  diet  but  traces  of  sugar  aie  Ui 
be  found  iu  the  urine,  and  It  is  not  conceivable  that  the  large  amminl  of 
stjgnr  which  iiiu}'  lie  iibsorbed  in  the  foot!  at  once  is  cun varied  into 
carbon  dioxide  and  water. 

The  only  remaining  conclusion  is  that  the  sugar  at  once,  artcr  iti 
absor[>ti4>ri,  is  curried  by  the  [lortaJ  vein  to  the  liver,  antl  is  tboD?  con- 
Terted  into  soine  less  dittnsible  fcirra  by  which  its  immediate  ex cretionbf 
the  kidneys  is  avoided.  Such  a  s^nl)stance  is  evidently  Amnrl  in  srlyeoi^B^ 
and  the  liver  nuiy,  lb  ere  fore,  be  regarded  as  a  storehouse  for  owe  t>f  tW 
most  inrportant  food-stutfs,  which  is  again  reconverted  into  sugar, « iJi* 
needs  of  the  economy  demand. 

Bernard  Wlieved  thai  there  is  a  continual  conversion  of  gh^*^ 
juto  sngjir  going  on  in  the  liver,  and  thnt  tlie  sugar  so  formed  h  CJirri^ 
by  the  heimlie  vein  to  the  general  circulation  to  be  oxidizc^l  in  tLt- lun? 
and  muscles. 

It  i.H  evident  that  tliis  hypothesis  necessitates  the  pres4^ncc ^'^ * 
larger  auioimt  of  sugar  in  the  he|iutic  than  in  the  portal  vein,  and  suf"^ 
a  state  of  ajfairs  is  claimed  by  Bernard  to  lie  a  fact,  altliough  his «****• 
meuts  have  met  with  a  certain  amonut  of  contradiction.  It  nmv;  ho^*' 
be  conelndecl  that  even  if  the  estimates  made  by  Bernard  ns  U> 
comparative  amount  of  sugar  in  the  hepatic  and  porUil  vda«  ai* '"'* 
alisulutely  conclusive^  the  statements  of  his  op^xineuts  are  oo  i^o** 
trustworthy. 

As  to  the  ultimate  end  of  the  sugar  derived  fi"ora  the  conver^iow'^ 
the  glycogen,  but  little  enn  be  accnrntcly  stated.  It  h  knoirn  iW 
normal    blood   contains  always  a  definite  amount  of  sugar.    1^  ^** 
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aunt  be  increased,  sugar  appears  in  the  urine,  and  it  appears  that  the 

^r  in  the  blood  is  largely  made  use  of  in  the  chemical   processes 

curring  in  contnieting  muscles.     It  would  seem,  therefore,  that  the 

iject  of  the  glycogenic  function  of  the  liver  is  to  store  up  in  a  non- 

iffusible  form  the  excess  of  carlK)hydrate  matter  taken  into  the  blood 

iaring  a  meal  rich  in  carbohydmtes,  and  then  to  distribute  it,  little  by 

iittle,  to  the  economy  as  occasion  may  demand. 

The  liver  converts  glycogen  into  sugar  through  the  action  of  its 
own  peculiar  diastatic  ferment. 

If  a  fragment  of  liver  be  washed  with  water  and  then  with  spirit  to 
remove  the  blood,  and  then  cut  up  into  small  pieces  and  immersed  in 
abeolute  alcohol  for  twenty-four  hours,  if  the  alcohol  be  removetl  and  a 
glycerin  extract  made  of  the  residue,  a  solution  will  Int  obtained  which 
frill  he  capable  of  rapidl}*  converting  glycogen  infusion  into  sugar. 

In  the  process  of  making  the  decoction  of  glycogen  this  liepatic  fer- 
iDent  is  destroyed  by  heat,  while  in  the  experiment  al>ove  alluded  to,  in 
'•'iiich  the  liver  was  exposed  to  a  warm  temperature  after  removal  from 
^lie  boily  before  making  an  infusion,  the  absence  of  glycogen  from  such 
'iftision  and  the  presence  of  sugar   indicate   the   conversion  by  this 
hepatic  ferment  of  the  glycogen  into  sugar.     Such  a  conversion  also 
^undoubtedly  takes  place  during  life.     As  to  why,  during  life,  all  the  gl}- 
^Ogen  of  the  liver  is  not  rapidly  converted  into  sugar,  it  being  admitted 
^Ji«vt  such  a  ferment  is  present,  it  can  only  l)e  stated  that  this  problem 
^^K^longs  to  the  same  group  of  phenomena  as  to  why  the  blood  does  not 
^^o^^iilate  in  the  living  blood-vessels,  why  the  active  and  living  pancreas 
*^*^^1  stomach  do  not  digest  themselves,  and  why  the  living  muscle  does 
^^c>t  l)ecome  rigid.     That  this  process  of  conversion  is,  however,  capable 
^^^  occurring  in  the  living  liver,  and  that  this  ferment  is  not,  as  has  been 
^^^xnimed,  simply  a  post-mortem  development,  is  proven  by  tiie  various 
^C^nditions  which  lead  to  the  abnormal  conversion  of  glycogen  into  sugar 
^'^^  greater  amounts  than  the  system  can  use,  and  the  conseciuent  elimina- 
tion of  the  excess  of  sugar  from  the  blood  b}^  the  kidneys,  constituting 
^^e  disease  glycosuria,  or  diabetes  mellitus. 

Bernard  discovered  that  if  the  medulla  oblongata  be  punctured  in 

"^lie  neighborhood  of  the  vaso-motor  centre  in  a  rahbit,  after  abundant 

teeding  with  carbohydrates,  in  an  hour  or  less  a  considerable  (juantity 

t^f  sugar  may  be  detected  in  the  urine,  which,  after  a  dny  or  two,  will 

disap|)ear. 

If  a  similar  operation  be  performed  on  a  rabbit  wliidi  has  been 
deprived  of  food  for  several  days,  no  such  glycosuria  will  result,  and  it 
therefore  seems  clear  that  this  diabetic  puncture  produced  the  i:lycosuria 
through  the  rapid  conversion  of  the  glycogen  of  the  liver  into  sugar. 
It  therefore  api>ears  that  the  glycogenic  function  of  the  liver  is  under 


PHYSIOLOGY  OF  THE  DO^klESTIC  AXOIALS* 


the  control  of  the  nervous  system,  and  tlie  path  of  thl»  Influence,  whicli] 
originates  in  the  neigliborhuod  of  the  vaso-motor  centre,  may  be  trae«d| 
:\Ioii_i?  the  spinal  cord,  and  then,  by  means  of  the  vagi,  iu  the  third  audi 
f^nrth  dorsul  ganglia,  from  this  to  the  thoracic  ganglia^  and  from  thtsre 
to  the  liver  by  some  path  not  yet  absolutely  determined. 

The  |jro<hi€ti«>n  of  diabetes  by  such  an  operation  i&  probably  to  liel 
regarded  a^^  of  a  vaso-motor  nature.  It  seems  clear  that  through  tbiij 
operation  thu  small  branches  of  the  hepatic  artery  are  largely  dilatetl.&nd  | 
the  liver,  consequently,  receives  a  larger  amount  of  arterial  blood,  ami  j 
that  simple  division  of  any  part  of  this  nervous  path,  such,  for  exawi|>l^  i 
as  removal  of  the  first  thoracic  ganglion,  will  likewise  prod  ace  diahcles^  i 

If  the  splanchnic  nerves  be  divided  previous  to  this  operation  riy- 
eosnria  will  not  result,  evidently   by  withdrawing  a  large  quantity  <if| 
blood  into  the  abdominal  organs  and  so  preventing  relutivf  ly  iinv  ulUts- 
tion  of  the  hepatic  artery. 

IV.     THE  STATISTICS  OF  NUTBITION, 

The  preceding  sketcli  as  to  the  fate  of  the  diUerent  organic  tood- 
constitnents  gives  but  an  imperfect  idea  as  to  the  metabolic  proeeasei 
occurring  within  the  animal  body.  By  a  close  conijiarisun  of  the  iucowe 
and  outgo  of  the  economy  statistics  of  nutrition  may  be  formed  nrliich 
are  of  great  value  for  obtaining  an  idea  of  the  nutritive  processes  of  the 
economy  nntler  different  forms  of  diet,  and  thu^s  assist  in  the  formation 
of  scien title  methods  of  fi*ed;ng. 

When  we  compare  the  income  witli  the  outgo,  the  ingesta  with  li*& 
excreta,  we  learn  not  only  what  jmrt  of  the  ingesta  is  retained  intiie 
body»  btit  by  the  detection  of  substances  in  the  excrct^a  not  prf§i<?TJt  in 
the  food  we  may  extend  our  idea  of  the  changes  which  the  hotlj  bs 
undergone  under  the  inttuence  of  the  food. 

In  determining  the  trne'income  of  the  hody  the  constituents  of  I 
ffeces  niu>it  be  subtracted,  f«jr,  as  already  noted,  the  fjeces  eoufeist  nil! 
solely-  of  food -stuffs  which  have  escaped  digestion  and  absorjitian,  tli^ 
amount  of  excretory  miitter  in  the  fieces  being  so  small  as  to  U  iliS" 
regarded-  From  the  8tu<1y  of  the  composition  of  the  food  wc  know 
that  in  certain  amounts  of  proteida,  fats,  carbohydrates,  salts,  water, jiw 
inspired  air,  the  animal  body  takes  in  definite  rjuantities  of  nitroiT't 
oxygen,  carbon,  hydrogen,  sulpliur,  phosphorus,  salts,  and  water, 

The   determination  of  statistics   of  nutrition    is    Ijased  upon  tk 
following  ffluts; — 

1.  With  the  exception  of  wool-  and  milk-producing  animal«»*l^  ^ 
nitrogen   in  excreted   iu   tlte  nrine;    that  found  in  the  fieee*  t 
regarded  as  deriveil  almost  sok^ly  from  undigested  food, 

2.  From  the  dilfereuce  between  the  amounts  of  nitrogen  in  fht* 
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unrt  In  tlie  urine  ami  feeees  it  mny  be  detenuiiicd  wljetlior  there  is  nn 
IDC rea.se  or  a  waste  of  tlie  nitrogenous  matter  {albuminoids J  of  the 
economy. 

3.  The  nitrogen  in  the  urine  is  a  raeasnre  of  the  decomposition  of 
albuioinoids  in  the  burl}',  while  from  tlie  sum  of  the  amounts  of  nitrogen 
in  urine  and  Heees  may  l>e  deduced  the  amount  of  albuminoids  which 
beeotae  fixed  iu  the  body, 

4.  The  diU'erenee  in  amount  of  carbon  in  income  and  outgo  (including 
that  which  is  given  off  by  lungs  and  t^kin),  taliing  into  account  the 
carbon  derived  from  decomposition  of  alliuuiinouLs,  gives  ua  a  means  of 
climating  tlie  changes  in  the  fat  of  the  animal  body,  since  with  the 
excei>tion  of  fat  tliere  is  not,  in  au}^  important  amount ^  any  other  carlxju 
compound  in  tlie  V>ody. 

5.  Ditiereuees  iu  the  amonnt  of  water  in  the  economy  are  readily 
calcuhTteib  It  is  only  necessary  to  compare  the  iuerease  or  decrease  of 
bofly  weight  with  tlie  data  determined  as  to  the  decomposition  of  albumen 
and  fat. 

For  making  the  above  estimates   the   composition    of  albumen  is 
!^  as  follows : — 


^^^qJ||0, 


N. 


53.6  per  cent,    7.D  per  cent.     1G,0  per  cent.     2H.0  per  cent.     1  0  per  cent. 

Albumen  thus  consisting  of  16  per  cent  of  nitrogen,  if  the  amount 
of  nitrogen  in  the  urine  is  multiplied  by  r>.25  (^  \^^-)  we  nre  able  to 
determine  the  amount  of  aibtimen  represented  b}^  the  nitrogen  in  the 
urine. 

As  regards  the  fntH,  all  the  animal  fiits  are  remarkably  constant  in 
'^eir  eouii»ositiou ;  tliey  possess  in  mean  7(k5(J  per  cent,  carbon. 

From  the  difference  iu  carbon  iu  income  and  outgo  the  amount  of 
carbon  of  the  decomposed  albumen  is  first  deducted  (53.6  per  cent.), 
^^il  from  the  remainder  by  multiplication  by  the  factor  1-30T  (=  tV^^I^o)  ^^^ 
•Jxionnt  of  fnt  may  be  ealculateib 

The  liehavior  of  the  mineral  constituents  is  calculated  from  the 
***ineral  constituents  of  the  food  and  that  of  the  urine  and  fa?ces.  So, 
•J^so,  for  water  iu  a  like  manner. 

The  foUowi ng  example  (<tuoted  by  Schmidt-Miilheim,  who  lias  been 
^Rely  followed  in  this  chapter)  makes  clear  the  methml  by  which  such 
isties  cd'  nutrition  are  reached:— 

UennelxTg  fed  a  full-grown  ox,  weight  tl2,5  kilos,  for  t wen tj^ -eight 
'3'^  with  5  kilos  clover-hay,  G  kilos  oat-straw,  3.7  kilos  crushed  beans, 
^•Oc  Itijo  salt,  and   50.1  kilos  water.     During  the  experiment  the  animal 
'*^*'ensed  daily  1.035  kilos  in  weight. 

From  tljc  aualysis  of  the  food,  feeees,  and  urine,  and  from  the  esti- 
43 
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mate  of  the  excretion  of  CO,  by  means  of  Pett^nkofer  a  appamlus  m 

ctirbu retted  liytlrogen  of  ike  iutestiiuiL  caniLl,  tUe  foUowiog  dalA  W«|| 
obtained : — 


Water. 

Mlncnil 

Matter. 

C. 

m 

N» 

a 

7D.1I75  kilos  food. 

.   satoo 

0,81K> 

5.825 

7.500 

O.S10 

4M 

B 

*  Uail^  OutgQ, 

Water. 

Mlneml 
Matter. 

u. 

H. 

H. 

0. 

iOM  kilos  fs&ees, 

U.70.>kilu9(?Oa, 
0.03  kilo  CH„ 

.     13.075 

0  575 

0.305 

2585 

0.23 
2.G7 
0.02 

0.3t0 

0.025 

aot ' 

0.170 

2.110 

TotaU 


mi50        0.880        5.4»5        0.345        0.375     .0,38^ 


In  addition  to  th^  above,  D.5025  kilos  wnter  in  the  form  of  a^fl«w 
vapor  were  removeil  througli  tlie  hmgn  and  skin. 

The  totftl  of  amounts  daily  appropriated  and  kept  in  ike  bodytCfl* 
setiuentlv'^  were  : — 


Wiit«r. 
0.535 


Matter. 
0.010 


0.330 


O.OTO 


0,0S5 


0. 


Tliese  figures  corre^ponrled  to  a  daily  increase  of— 


Albumen, O  220  kilo. 

Fat,         ...**,.,,  0,280    *' 

Salt!*,       ....,...,  0.010    *■ 

Wau-r.    ,         , 0.525    ** 

Tlic  caleuiation  of  the  statistics  of  nitrogen  in  milk- nud  «o4(i>Pi> 
tUicing  fiuiTiials  it  somewhat  more  eomplicated  than  tbe  ab<Ke,ii  *^ 
amount  of  the  above  f)  rod  net  ions  have  also  to  be  tiiken  into  necauBt 

L  TiasuE  CiiAMtiES  IN  Starvation, — Before  attt'mptiiiE^  tosttK^J"" 
detail  I  the  influcrice  of  food  on  tissue  ehiUJge,  the  eliaiigeii  which  occui^* 
the  animal  body  when  all  food  is  witbheUl  must  first  be  studid.  ^^ 
iicre  it  should,  in  the  first  plaee,  l>e  recollected  tbat  the  skeleU!  B^^ 
tbrni  nearly  onediaif  the  body,  and  aliorit  one-^[^arte^  of  aU  the  h]m^ 
the  hotly  is  contained  within  them,  while  another  fourtli  of  tin*  Uo^^ 
contained  in  the  liver.  These  two  facts  are  suHicient  to  indicate' ^* 
large  part  of  the  metabolism  of  the  body  is  carried  on  in  the  mo^** 
and  liver. 

In  fasting  animals  there  is  a  steady  waste  of  the  various  tissoeii*', 
an  exerction  of  those  waste  prodnct^;  and  since  this  wa&te  h  ii(Jitt^ 
plied  by  new  matter^  there  is  a  progressive  loss  of  botiy  weigliU 
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Thns,  in  a  clog  weighing  one  thonsand  and  twelve  grammes  and  fast- 
^  for  fourteen  days  there  was  a  daily  loss  of  body  weight  as  follows  >=— 

Ist  day  of  fasting, 82  grammes. 

2d    -     "        " 44  " 

3d     *'     "        " 88  •* 

4th  "     "        '* 40 

5th  ****** 32  " 

6th  ****** 27  " 

7th  ******  ......  31  " 

8th  ****** 25  " 

9th  "     "        '* 26 

10th  ****** 26  *' 

11th  ****** 22  " 

12th  ****** 2:] 

13th  ****** 21  " 

14th  ****** 19  ** 

From  this  table  it  is  seen  that  the  loss  is  far  greater  on  the  first  day 
starvation  than  on  anj-  other,  and  that  after  the  first  day  the  loss 
adoally  becomes  less  and  less  marked. 

It  has  also  been  found  that  age  is  of  marked  influence  on  the  degree 
loss  of  body  weight  in  starvation.  The  younger  the  animal,  the 
suiter  the  loss. 

It  is  also  noticed  that  birds  can  stand  a  greater  relative  loss  of  body 
eight  from  starvation  before  death  occurs  than  mammals  and  other 
arm-blooded  animals ;  in  the  latter  death  only  occurs  when  40  per  cent, 
r  the  body  weight  has  been  lost. 

It  has  been  found  that  if  water  is  freely  given,  a  horse  may  stand  a 
^mplete  fast  for  from  eight  to  fifteen  days  without  any  serious  conse- 
Oences.  If  this  time  is,  however,  passed,  even  feeding  will  then  be 
liable  to  prevent  death. 

Herbivora  stand  starvation  worse  than  carnivora,  even  although  they 
*«eonly  one-half  as  much  tissue-albumen;  it  is  stated  that  death  from 
^Unration  in  the  horse  does  not  occur  until  the  twentieth  to  the  thirtieth 
fcj,  while  a  dog  may  live  from  fortj-  to  sixty  days  without  food  before 
^th  takes  place. 

If  the  body  of  an  animal  dead  of  starvation  is  examined  there  will 
5  found  the  greatest  difference  in  the  loss  which  the  different  tissues 
ive  undergone.  Adipose  tissue  suffers  most,  muscles  and  viscera  less, 
»d  nen'ous  system  least  of  all,  and  this  latter  fact  is  worthy  of  especial 
»tice,  since  fat  forms  a  large  constituent  of  the  nervous  system.  The 
^y  is  greatly  emaciated ;  all  subcutaneous  and  perivisceral  fat  has 
taippeared ;  the  muscles  and  other  organs  are  atrophied  ;  and  with  the 
Xception  of  the  alimentary  canal,  in  which  fluid  is  generally  found,  all 
k  tissues  are  markedly  dry  and  free  from  water.  In  the  stomacli  the 
fnid  has  an  acid  reaction  ;  in  the  intestine  there  is  a  slimy  fluid  matter 
*luch  is  evidently  decomposed  bile. 
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Since  fat  and  muscle  bare  disappeared  iu  largest  aniouutt  it  is  eri 
dent  tbe  starviiif^  uniimil  feeds  on  ita  own  ilesh,  and,  under  eucU  circuni; 
rtances,  the  urine  of  the  berbivora  and  cariiivora  are  identitml 

Of  tbe  dilfereut  organs  the  percentage  of  lods  of  original  wei|lit  if 
as  follows ; — 


Bonce 

13.4  per  rent. 

or   5,4 1 

Mysclea, 

30.5 

•  43,3 

Liver,, 

53  7 

*•    4.8 

Kidneys^     . 

25.0 

**    0.8 

Spleen, 

Gtt.7 

"  o.a 

Pujicrtffts,    . 

17.0 

♦^    0.1 

Testicle,       . 

40,0 

"    0.1 

Luugs, 

17.7 

••  as 

Heart, 

3.6 

"    0.02 

Intt'ftline,    . 

18.0 

"    2,0 

Brain  and  Cord, , 

3.2 

**  ai 

8kin.    . 

SO.O 

-     8.8 

Fm,     , 

07.0 

*'  2<V2 

Blood, 

'27.0 

-    8,7 

Other  organs. 

3G,8 

'*    5.0 

Since  in  fasting  all  tlic  nitrogen  leaves  tbe  bo<ly  in  the  form  of 
area,  the  amount  of  urea  in  the  urine  gives  a  means  of  mejwurinjr t^'^ 
waste  of  the  nlbiiminoid  constituents  of  the  body.  Even  up  to  ibctiiuf 
of  death  tbe  body  continues  to  eliminnte  urea  without,  of  con r^t*.<^'fy 
new  nlbumlnoid  matter  entering  the  economy, thus  sbowin^^  that  i\ivK^ 
a  gradual  and  constant  waste  of  proteids  in  the  body.  The  amount"^ 
urea  eliminated  progressively  decreases,  as,  of  course,  there  is  noni^^f 
of  the  stock  of  proteids  from  which  it  is  drawn.  Thus,  a  dog,  »liidi 
durinff  Feedintr  eliminates  daily  63.90  ernmraes  of  urea^  d«rin«:  tbe  fif^ 
dixy  of  stnrvatinn  removes  only  14,91  grammes,  and  there  is  tiw^nA 
gradual  diminution  in  the  amount  up  to  the  time  of  death.  Tbns,oi>ti* 
fifty-ninth  day  of  starvation  the  dog  albided  to  above  only  elimlo***'* 
3.50  grammes  of  nrcn. 

Of  course,  the  richer  the  tissues  are  in  proteids,  the  g:reater  viH  ^ 
the  dilJerence  between  the  amount  of  urea  eb'minated  in  the  first  aml*"'^ 
seriuent  days  of  starvation.  If  before  the  comm€*ncement  of  lb«*sl*r^ 
tion  exporiment  t!ie  animnl  has  been  on  a  spore  diet,  less  nrea 
eliminated  in  the  linst  days  of  fasti  tig,  and  then  the  decrease  m 
will  l>e  more  gradual  than  if  it  Imd  l>een  well  fed. 

The  dcHtriiotion  of  albumen  in  starvation  i^;,  however,  by  no 
parallel  to  the  amount  of  proteids  in  the  entire  body;  or,  in  other  »'>i^^'^ 
an  animal  wlilch  on  tbe  first  day  of  stirvation  destroys  live  tiiw*** 
much  albtimen  as  on  the  tenth  does  not  have  on  tlic  first  day  f^ 
as  inuclr  proteifl  in  the  body  as  on  the  tenth. 

Yoit  has  found  that  the  excretion  of  urea  on  the  first  flay 
feeding  is  so  much  greater  thnn  uuiler  other  cirenmstances  tlmt  hr 
eluded  that  tbe  amount  of  proteids  in  the  body  is  of  less  ifliF^ 


,ni»**  ' 


^ttlBC* 


r%M\ 
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than  the  amount  of  albumen  in  the  preceding  diet  in  determining  the 
cleg^ree  of  albumen  destruction  in  the  first  days  of  starvation,  and  that 
the  albumen  destruction  from  starvation  is  dependent  upon  two 
causes: — 

1.  A  very  variable  one,  which  onl}^  acts  in  the  first  days  and  which 
is  dependent  on  the  preceding  diet  and  the  general  condition  of  the 
body. 

2.  A  constant  cause,  which  alone  remains  in  force  after  the  cessa- 
tion of  action  of  the  first. 

The  following  table  shows  how  the  amount  of  urea  excreted 
increases  with  the  amount  of  nitrogenous  matter  in  the  preceding 
meals: — 


Food  glTon  Before 

Urea  in  Last  Day 

Urea  in  First  Day 

BtarvatioiL 

of  Feeding. 

of  Fasting. 

2500  grammes  meat,        .        .        .        . 

180.8 

60  1 

2000        "            "             .        .        .        . 

142.9 

33.6 

1500        '*           "             .        .        .        . 

110.8 

29.7 

800        "            "  and  200  grammes  fat, 

51.8 

19.8 

Decreasing  amount  of  meat  on  last  day 

176  grammes, 

26.2 

16.9 

Abundance  of  fat  after  starvation, 

16.1 

15.4 

Voit  concludes  that  animals  possess,  first,  a  considerable  available 
**  «tore  "  of  albumen,  which  is  capable  of  being  increased  by  a  previous 
oaeal  rich  in  albuminoids  and  which  is  again  rapidly  removed  in  any 
^niin  on  the  economy ;  and,  second,  a  much  larger  amount  of  proteid 
matter,  which  represents  all  the  proteids  of  the  animal  body  and 
^hich  he  terms  **  tissue-albumen."  Of  this  latter  but  a  small  portion 
comes  under  the  conditions  of  decomposition.  The  rapid  fall  in  elimi- 
nation of  urea  in  starvation  depends  upon  the  using  up  of  the  **  stored  " 
*^bumen;  when,  however,  this  is  all  consumed,  then  the  tissue-albumen 
^'i  its  turn  undergoes  destruction.  Of  course,  the  stored-up  albumen  is 
*^So  located  in  the  various  tissues. 

Herbivora  contain  in  their  tissues  a  lesser  amount  of  this  stored- 
^^p  or  reserve  albumen  than  do  the  carnivora ;  even  the  tissue-albumen 
^^  present  in  relatively  smaller  amount.  Thus,  it  has  been  found  that  a 
ftill-grown  ox  during  starvation  will  only  use  up  1.27  kilos  of  proteids, 
'^hile,  measured  by  the  albuminoid  waste  in  carnivora,  at  least  double  the 
Amount  of  nitrogenous  excretion  products  might  be  expected. 

In  addition  to  the  influence  of  these  amounts  of  albumen  on  the 
proteid  waste  of  fasting  animals,  the  amount  of  fat  in  the  animal  body 
is  also  of  moment;  the  greater  the  amount  of  fat,  the  less  the  nitrogenous 
waste,  and  this  holds  whether  the  fat  is  alreadj^  stored  up  in  the  econom}'^ 
or  is  given  to  thin  animals  in  the  food. 

Voit,  by  giving  one  thousand  five  hundred  grammes  of  meat  daily 
to  a  dog,  brought  it  to  a  nutritive  condition  in  which  the  excretion  of 
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iirL**i  remained  constant.  He  was  tlien  allowed  to  fa^t  for  ten  thp  mA 
tUL*  itreii  estimatt**!  (A),  He  nns  then  fi^d  with  thu  same  food,  aMd  l\m\ 
for  tt-n  diijs  received  nothing  hnt  one  hundred  gmmmes  of  Git  (B)* 
The  Ibl lowing  results  were  obtahietl : — 


Lmt  ilnj  of  fc?t*f|iug, 
iBt  drty  of  lasting, 

m 

4th  " 

Slh  ■" 

61 U  - 

7th  *' 
81  h 

4*111  " 


A. 

a 

nre*  f  n 

Tri-^ilB 

Onuiuaea. 

GrftituiicA. 

.  IWH 

lU-S 

.     20.5 

n,% 

.   lae 

14,8 

,    15.7 

141 

.    140 

15J 

,     14.8 

a4 

.     13. § 

nB 

,     1^.9 

10-5 

.     13,1 

lOJ 

.     11.0 

tOJ 

Through  the  adminiatrntion  of  the  fat  14,1  grammes  of  alburatfl 
escaped  destruction,  or,  as  Voit  expresses  it,  was  ^*  aaviHi.'* 

Water  abo  exerts  a  eonsiderable  hitlueni'(»  on  th(>  (U**ilnictm' 
processes  in  starvatlou,  a  large  eonftianj)tion  of  water  alwny*  inftfifmji 
the  excretion  of  urea.  This  evidently  pointe  to  an  incr^iacil  liefoio^ 
position  of  protekls,  and  Ju*t  n  inf*re  inereai^  in  th^  amount  of  am 
washed  out,  since  it  has  !*een  prtivinl  that  when  water  is  withheld  tberf 
in  no  aceumulntion  of  urea  in  the  ecouomy, 

Ou  the  other  hand,  the  most  violent  muscular  movemeota  du« 
starvation  prtjdrice  hut  little  appreciable  increas^e  in  the  amotuit  tjf  "f^ 
eliuiiuated,  tljus  showing  that  the  combustion  of  albununoids  is  not  tbf 
source  of  muscular  force. 

lu  curlier  tiuics,  with  the  exception  of  the  lime  salts  in  the  Iwnf** 
the  iuorijanic  sulmtancea  found  in  the  animal  body  were  regarded  s* 
secondary  in  importfiuce  and,  in  fact,  almo^^t  as  accidental  constiti*»^' 
Liebig  iuul  hi^  tncholars  lirst  rccoguizcA  the  importance  of  these  t»CN'if*l 
e-s^iict^ially  Na,  CI,  Ca,  K,  Mg,  l\\  and  r,fJa  are  absolutely  es^eatisi  i(^' 
the  health  of  the  auinml  body,  if  tiiese  bodies  are  removcnl  from  t^ 
food,  or  evL'U  rinbicud  in  amouut,  tlieauimals  rapidl}"  j>erish,  evea  tMS* 
sut>l»lie<l  witli  nn  abundance  of  organic  food. 

This  ilisturbance  of  nutrition  is  not,  as  was  first  snp[K)S>efi,  1«<?^'^ 
tlie  removal  of  salts  interferes  with  the  activity  of  the  digestive  ^^ 
tiojis,  rtince  digestiou  and  absorption, evcu  under  such  eireutnsLiTiit?.i* 
perfectly  carried  out,  but  because  salts  arc  removed  coustantlv  fr'>"t'J"' 
l>ody,  aud  if  they  are  not  supplied  in  food  tlic  auinml  rapidly  peH^he^-*^ 
these  snlts  are  essential  to  the  various  functions  of  the  economrt 

Forster  fed  a  dog  with  food  which  was  as  much  as  possiliW  f^* 
from  salts;  as  proteids,  he  used  the  residue  from  the  maaafrtcturf  <^' 
beef  extracts,  butter  freed  from  salts,  potato^tarcli  washeJ  witb  Hfl 
and  distilled  water. 


STATISTICS  OF  NUTBITION.  679 

A  dog  weighing  thirty-two  kilos,  which  experience  showed  eoukl 
be  kept  in  constant  weight  by  receiving  six  hundred  to  seven  hundred 
grammes  meat  and  one  hundred  and  fifty  grammes  fat,  was  allowed  to 
eat  as  much  as  he  would  take  of  the  above  foods,  and  yet  he  rapidly 
commenced  to  fail,  and  in  fourteen  days  was  unable  to  stand  from  his 
great  weakness.  After  three  weeks  disturbance  of  digestion  appeared — 
indigestion,  diarrhcea,  and  finally  vomiting. 

The  comparison  of  the  inorganic  income  and  outgo  showed  that,  as 
regards  phosphoric  acid,  21.9  grammes  were  taken  in  while  51.7  grammes 
were  excreted;  consequently,  the  dog  had  lost  29.8  grammes  of  phos- 
phoric acid,  or  ten  times  the  amount  which  is  normally  contained  in  the 
blood ;  T.24  grammes  of  NaCl  were  lost. 

These  results  show  that  the  body  cannot  be  sustained  by  organic 
Bubstances  alone,  but  must  also  receive  a  certain  amount  of  inorganic 
salts.  If  the  amount  of  salts  in  the  food  sinks  below  a  certain  figure 
or  is  entirely  suspended,  salts  are  excreted  by  tlie  economy,  and  the 
l)ody  passes  into  such  a  state  of  malnutrition  that  death  speedily  results. 
As  reganls  tlie  amount  of  inorganic  salts  required  by  different 
animals  in  order  to  preserve  perfect  nutrition,  it  appears  that  the 
amount  of  NaCl  in  meat,  which  amounts  to  O.II  per  cent.,  is  sufficient 
^r  the  needs  of  the  carnivorous  animal.  As  a  consequence,  these  ani- 
^Qals  prefer  unsalted  to  artificially  salted  foods. 

It  is  quite  different  with  the  herbivora,  for,  although  these  animals, 
^  a  rule,  receive  proportionately  quite  as  much  salt  in  their  food  as  the 
^'**"*Tiivora,  they  will,  nevertheless,  always  greedily  devour  salt. 

As  regards  the  relative  proportion  of  these  salts  required  })y  different 
**^  i.mals,  it  appears  that  all  animals  require  relatively  similar  propor- 
'*^i:^n8  of  chlorine  and  sodium,  but  that  herbivora  take  in  their  daily 
"^^^Dd  at  least  double  as  much  potassium  as  carnivora. 

Thus:  One  kilogramme  cat,  fed  with  mice,  takes  daily  0.1434 
K"^^amme  K,  0.0743  Na,  0.0652  CI.  One  kilo  ox,  fed  solely  with  clover- 
^«:^y,  0.3575  gramme  K,  0.0266  Xa,  0.0433  CI ;  when  fed  with  beet-roots 
^-Xid  oat-straw,  0.2923  gramme  K,  0.0674  Na,  and  0.0603  CI. 

The  following  table  gives  the  amounts  of  K,  Na,  and  CI  in  various 
'5'iOoc[s:_ 

K.  Na.  CI. 

Oat-Straw, 10.40  1.86  2.97 

Clover, 21.96  1.39  2.66 

Sweet  grasses,    .        .        .        .20.80  2.57  3.67 

Prairie-grass,      ....     15.28  2.65  4.35 

Acid  grasses,      ....     20.60  5.74  4.52 

Vetches 83  93  6.77  3.65 

Beet  (roots),       ....     34.79  10.24  5.40 

Beet  (toi>s) 46.68  30.80  22.56 

Carrot  (roots) 19.65  12.32  2.90 

Sugar-beet  (tops),      .        .        .    50.07  25.76  20.10 
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^^^^^^k          Bun^e  lias  Btalctl  that  it  is  this  large  amotint  of  K  in  the  food  of 
^^^^^^^  tlie  heHtivora  tliat  uaiisea  tliem  to  require  so  much  XaCl.     For  when 
^^^^K        pota.ssium  snlt^^  the  eketro-iiegative  constituent  of  wlik-ti  is  oilier  ibiia 
^^^^1        chlorine,  such  as  carbonate,  phosphate,  or  sulphate  of  potassiniD,  cotnt 
^^^^V        into  watery  solution  with  NaCl  at  the  hotly  temperature  they  are  pjirtljfj 
^^^^H         deconi[iuset!,  both  salts  give  up  their  aciiU,  mid,  in  acMition  to  (>oUii^iuia 
^^^H         chloride,  t!je  carbonate,  phosphate,  and  sulphate  of  sodium  result  thrott^rk 
^^^H         double  deooDiposition.     If  these  K  salts  enter  the  alimeuUiry  cnual  ihejf 
^^^H         are  rai^idly  absorbed  and  meet  with  NaCl  in  the  blood.     As  the  ibovt 
^^^H         ijitcrchani^e  then  takes  place,  the  blood  in  atterapttng  to  preserve  itJ 
^^^H         normal  compnsitiou  allows  the  new  substances  rapidly  to  dilTuse  *wi/ 
^^^H         through  the  kidneys.    Consequently,  through  the  taking  in  of  potas^tum 
^^^H         snlphate,  carbonate,  or  pliosphate,  the  blood  loses  both  Na  and  CK  and 
^^^^B        this  loss  must  be  replaced  l>y  the  ingestion  of  extra  amounts  of  XsCl 
^^^^H        Consequently,  herbivora,  whose  diet  is  rich  in  K   aalta,  require  more 
^^^^B         NaCl  tlian  tlie  carnivora, 

^^^H                It  is  thus  seen  that  the  character  and  extent  of  the  tissue  clwngw 
^^^H        in  starvation  will  lje  largely  governed  by  the  previous  nutritive  condition 
^^^H         of  the  animab     The  following  table,  after  Lawes  k  Gilbert »  slioin  tlif 
^^^H         percentage  of  albumen,  fat,  salts,  and  water  in  the  tissue  of  aiumaii  in 
^^^H         ditterent  conditions  : — 

Ix  100  Partb, 

turn  Bomps  Cqstaim.              J 

BoMm, 

Wftter. 

MttUer. 

Fsu. 

AOnaam.      M 

^^^^V         1.  Fattened  oxen,     . 
^^^^B          2.  HiiU-tatknitil  oxea, 
^^^^H          3.  Fatteneii  isheep. 
^^^^^H          4.  Tliiti  Hheep, 
^^^^H          5.  Fattened  nogs,     , 
^^^H         6.  Thin  Logs,  . 

51,4 
43,t) 
53.8 
39.0 
57-1 
41.8 

48.6 
56.1 
46,2 
6L0 
42,9 
53.2 

4.1 
61 

2d 

3.4        ' 
1.7 

2,8 

3L«> 

207 

37.9 

11K9 

44,0      1 

£46 

in     ■ 

s  1 

■"-■ 

^^^^^B         2.  TuE  Nutritive  Pbocesses  in  FKEDma (a)  Feeding  mtk  MeoL^  H 

^^^^^^^  When  aninnils  are  fed  excbisively  with  fsits  or  carl»o!iydrate*  ilien'i^M^H 

^^^H         little  dttfercncc  in  the  metamorphosis  of  proteids  other  than  is  seen  inf^^H 

^^^H         vation.    So,  also,  exercise,  water,  and  various  other  conditions  ait^of  litu*  ^M 

^^^^          inflnenee.     When,  however,  proteids  are  given'with  the  f»H  '           ^1^1 

^H                immediate  increase  in  the  amount  of  urea  eliminated,  for  tti               ^^^^| 

^H                the  food  alter  being  absorbed  almost  at  once  undergoes  decomp<»5iti*^    ^M 

Bisehoffand  Yoit  found  that  a  fiisting  dog  which  eliminated  ddfa^H 

twelve  grammes  of  urea,  when  fed  with  twenty-five  hundred)  tjnininKil^^B 

meat  eliminated  one  hnndred  and  eighty-four  grammes  of  iire*  «l*>fr*  ^M 

the  destruction  of  albumen,  tliercfore,  increased  more  than  fiftefa  folil     H 

It  would  at  Orst  appear  that  If  the  same  itmouut  of  albmit^Q  ^   H 
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given  to  jin  animal  jis  is  lost  during  f?tiirv.'\tion,  the  flestmetioii  of  the 
pr* ileitis  of  tiit;  tissues  would  cetise.  But  alimii  the  administration  of 
allmmeti  Increases  the  tissue  waste  this  is  not  the  ease^  and  at  least 
two  and  a  half  times  as  mnuU  allinmeii  inimt  be  ^iven  as  the  body  loses 
in  starvation  in  order  to  preserve  the  balance.  If  enou^ii  of  albumen  is 
given  to  an  animal  to  prevent  its  drawing  on  the  albuminoids  of  its  tis- 
sues, then  the  amount  of  nitrogen  eliminated  will  just  equnl  the  amount 
contained  in  the  food,  ami  a  nitrogeuons  balauce  is  thus  prenerved. 

If,  now,  to  such  an  animal  a  larger  amount  of  meat  is  giveni  the 
eliminated  nitrogen  does  not  at  first  ineretise,  and  a  certidn  amount  of 
the  nitru^rifn  remains  in  the  body  to  increase  the  albuminoids  of  the 
tissues.  Soon,  however,  the  nitrogen  eliminated  increases  until  finallj"  a 
nitrogenous  bahinee  is  again  regained.  Every  increase  in  the  albumen 
of  the  food  has  the  same  result — tirst^  an  increase  in  the  store  of  {iro- 
teids  of  the  body,  and  then  an  increase  of  urea,  until  the  nitrogen  of  the 
latter  equals  the  nitrogen  of  the  food.  A  maximum  is  soon,  however, 
reached  in  which  the  limit  of  albumen  which  can  be  digested  and  ab- 
sorbed is  attained, 

A  similar  state  of  alTairs  holds  in  animals  in  a  condition  of  nitro- 
genous balance  when  the  albumen  of  tlie  food  is  diminished.  At  lirst 
there  is  no  decrea^^e  in  the  amount  of  urea  eliminated,  so  tlie  albuminoids 
of  the  tissues  must  have  been  drawn  npon  to  make  up  the  excess  of 
nitrogen  in  the  urine  over  that  of  the  foml.  Then  In  a  lew  days  the 
^L^«limination  of  nitrogen  becomes  reduced,  until  again  a  nitrogenous  bal- 
^P^mnce  is  regained.  Every  further  decrease  in  the  ration  of  albumen  has 
■  ^he  same  elfect — first,  decrease  of  the  store  of  tissue-all jumen,  and  then 
I  nitrogenous  balance.  Tiie  minimum  limit  is  then  reached.  When  too 
I  sumll  an  amount  of  albumeJi  is  given  in  food  to  balance  tlie  tissue  waste 
ixianition  then  commences. 

These  facts  show  that  the  requisite  amount  of  albumen  in  the  food 
"to prevent  excess  of  tissue  waste  is  depcn<lcnt  on  the  store  of  iilbumen 
*0  the  body,  and  that  tlie  Ijetter  the  body  is  nourished  by  (yrevioua  feed- 
ing the  more  food  must  be  given  to  preserve  a  nutritive  l»a lance.  Con- 
tinently, well-nourished  animals  retinire  more  food,  btvdly -nourished 
^n i mal s  less  food ,  to  pre s e r v e  an  eq nib  br i u  m . 

The  amount  of  albumen  in  the  food  has,  also,  an  influence  on  the 

■^ly  fat.      If  a  small  amount  of  albumen   nndergoes  destruction,  fat 

^Ust  l>e  given  uij  by  the  body  in  order  to  sui)t>ly  the  amount  nfcarl>on 

^^oessary  to  form  CO,.    If  the  body  is  rich  in  fat,  and  in  consequence  of 

^Wndnnt  albuminous  food  a  large  amount   of  albumen  midergoes  de- 

ction,the  fat  decreases  j  but  if  only  a  little  fat  is  stored  uj)  and  still 

large  amount  of  albumen  is  given  in  food,  and  there  is,  consequently, 

lai^e  destruction  of  albumen,  all  the  nitrogen  is  eliminated  in  the  urine, 
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while  a  part  of  the  carbon  remains  !>elnnd  to  l>e  stored  up  a»  fut.    Coii»1 
Bcqviently,  the  1«h1  y  m:iy  l>e  kept  stationary  as  regards  its  store  of  allmmeiil 
ami   Tat  throuj^b   tht^  ad  mi  lustration  of  meat  alone,  but  tlieii  a  l»rg« 
quantity  is  retiuired.     An  increase  in  tlssue-lat  and  albumen  may  al* 
to  a  slit^ht  degree ^  take  phice  from  tlie  administration  of  albumen  alofl 
but  only  in  illy-nuiirisihed  individuals. 

If  ijei>tone  is  given  as  food  it  ia  entirely  destroyed,  and  the  destruo 
tion  of  tlie  tissiie-alhumeu   is  completely  prevented  ;    hut  there  i*  ti<i| 
increase   in   the  body  alhumeii,   thus   ehuwing  that    peptone  is  earliur 
destroyed  than  sdbumen  and  can  only  pariiaUy  replace  the  albumen  of  j 
the  food. 

If  gelatin  and  gelatinous  tissue  (bones,  tendons «  etc.)  are  gi**en 
exclusively  the  dentruetion  of  albumen  does  not  cease,  thus  shiiwln;? 
that  gelatin  cannot  re[>lace  album eu.  But  if  gelatin  and  allmraca  arc 
given  together  the  destruction  of  albtnnen  is  greatly  reduced. 

(h)  Feeditvj  with  Fat, — The  inlbu^uee  ot*  (at  ini  the  demmcti^^n  of 
albumen  h  seen  in  the  fat*t  tliat  in  fasting  animals  the  de&triictioin/f 
albumen  is  less  in  fat  than  in  thin  animals  ;  this  action  is  also  ^em  in  tlie 
administration  of  proteid  foods  ahnie^  where  the  destruction  of  nllmmi'O 
is  Itim  in  fat  than  in  thin  animals.  Indeed,  we  have  seen  timt  in  an 
abundant  albuminous  diet,  whereby  the  excretion  of  urea  is  incrcased»  ia 
fnt  animals  there  may  even  be  an  increase  in  the  Ix^dy  fat. 

If  fat  is  given  alone  as  food  to  a  carnivorous  animal  the  destruclicfli 
of  albumen  is  reduced  but  not  pre\^ented  ;  when  large  amounts  of  f»t  itp 
given  the  fat  of  the  body  may  even  increase  and  yc»t  the  aninmU  |*4»» 
into  a  state  of  starvation,  for  the  tiss^ue-albumen  is  gradually  ^^ 
reduced. 

If  enout^h  albumen  is  given  to  cause  a  nitrogenous  balance  and  i^ 
fat  is  added  to  the  food,  the  nitrogenous  elimination  is  reduced  mds^ 
the  carbon  of  the  fat  does  not  appear  in  the  CO,;  carbon  is,  IhrneSi 
keiit  back  in  the  body  and  stored  up  in  the  form  of  fat,  whileaoefl 
amount  of  nitrogen  also  being  retained  indicates  an  increase  of  ^ 
body  albumen.  So.  the  addition  of  fat  to  the  food  leads  to  Iwth  ^ 
increase  of  tissue-fat  and  albumen,  though  this  only  occurs  vihcn  abr^ 
amount  of  fat  is  added  to  a  moderately  small  amount  of  albuinea. 

If  the  amount  of  albumen  is  increased  the  elimination  of  art** 
increases,  antl,  as  a  consequence  of  tim  great  destruction  of  albttifl^ 
certain  amount  of  the  fat  is  spared  and  is  stored  up  in  the  Iwdy.  W 
if  the  amount  of  albumen  is  reduced  more  fat  is  used  up,  and  fill  fl^f 
even  be  ink  en  away  fiom  the  body* 

The  amount  of  fat  in  the  body  in  feeding  with  albuiavu  tni\  &t  l« 
also  of  inlluence  on  the  metabolism  of  the  body ;  a  lK)dy  jKK»r  in  ^' 
which  needs  and  destroys  more  alburacnj  more  reatlily  slorcs  uf  •**♦ 
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while  a  bod}'  rich  in  fat,  since  it  needs  and  destro3'S  less  albumen,  must 
draw  on  its  store  of  fat.  Young  animals,  since  they  are  thin,  therefore 
need  more  albumen  and  fat  than  older  ones,  while  joung  animals,  to 
fiitten,  require  more  food  than  older  ones.  It  is  also  easier  to  fatten  thin 
animals  than  to  make  tolerably  fat  animals  still  fatter. 

(c)  Feeding  with  Carbohydrates, — The  action  of  the  carbohj'drates 
hi  nutrition  \s  especially  seen  in  the  herbivora,  which  are  incapable  of 
being  supported  with  albumen  alone  or  with  albumen  and  fat.  Experi- 
ment has  shown  that  in  so  far  as  they  are  digestible  all  carbohydrates 
have  the  same  influence  on  the  metabolism  of  the  ho(\y.  This  applies  to 
starch,  cane-,  grape-,  and  milk-sugar,  dextrin,  and,  to  a  certain  extent,  to 
cellulose. 

It  is  generally  assumed  that  all  the  carboh3'drates  which  enter  the 
animal  body  unite  with  the  oxj-gen  obtained  in  inspiration  to  form  CO, 
aiic1H,0,  so  that  an  increase  in  carbohydrate  diet  means  an  increase  in  the 
CO,  of  the  expired  air.  This  is  not,  however,  uni versa lly  true,  since 
under  many  circumstances  the  carbohydrates  may  be  retained  in  the 
Iwdyasfat;  on  the  other  hand,  it  cannot  be  positively  stated  whether 
tte  carbohydrates  which  are  converted  into  sugar  in  digestion  are 
directly  oxidized  as  sugar,  or  are  all  first  converted  into  glycogen. 

Feeding  dogs  exclusively  with  carbohydrates  has  proven  that  the 
^eatniction  of  tissue-albumen  and  fat  is  under  such  circumstances  less 
*^n  when  the  animal  is  deprived  of  all  food,  but  that  the  destruction 
^^    albumen    is   constant,  and   that   such   animals   finally  perish   from 
''^tlnition.      If  albumen   is  given  together  with  the  carbohydnites   in 
^*^<ireasing   quantities,  the  excretion  of  nitrogen  increases  correspond- 
•^^ly,  but  in  a  much  less  degree  than  when  albumen  alone  or  albumen 
^^d  fat  constitute  the  diet ;  therefore  the  carbohydrates  in  food  serve  to 
?^are  the  tissue  change  in  proteids  to  a  greater  extent  even  than  fat. 
'^l^ence,  to  keep  the  body  in  a  state  of  nutritive  balance  a  moderately 
^^imll   amount  of  albumen  is  required  with  a  large  amount  of  carbo- 
-hydrates, and,  as  a  consequence,  the  herbivora  are  kei)t  in  good  nutrition 
"^ith  the  small  amount  of  albumen  found  in  their  food.     If  the  smallest 
Amount  of  albumen  is  given  with  the  corresponding  amount  of  carbo- 
lij'drates  imder  which  the  body  weight  may  be  maintained  without  losing 
albumen    or  fat,  and  then   the   albumen  of  the   food  is  increased,  the 
elimination  of  nitrogen  is  also  increased,  but  to  a  less  degree  than  if 
albumen  was  given  alone ;  there  is,  therefore,  now  an  increase  in  the 
albumen  and  fat  of  the  body.     If,  now,  the  amount  of  carbohydrates 
is  increased  without  diminishing  the  quantity  of  albumen  in  the  food, 
fat  then  accumulates  in  the  body;  and  if  the  albumen  is  also  increased 
both  albumen  and  fat  accumulate. 

It  is  not  yet  quite  clear  whether  this  fat  is  formed  from  the  carbon 
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of  the  albumen,  as  is  generally  acknowledged  to  be  tbe  case  in  th«  omw 
jiivora,  or  whetlier  fat  may  not  aUo  be  formed  from  tbe  carliohydnitefl 
dirt*ctiy.  It  thus  seems  clt'ar  that  tbe  addition  of  carboliydrates  to  thtt 
diet  spares  the  wa^te  of  tisstie-albumeii  and  bo<ly  fat,  and  tbe  attetD(vt 
biis  l>eeri  made  to  determine  tbe  amount  of  carl»oby<1i*ate«  wbieb  in  Ib^ir 
nutritive  value  are  equivalent  to  a  given  amount  of  liit.  This  bas  \nfvn 
fixed  by  Yoit  at  the  ratio  of  one  hundred  and  seven ty-five  to  oat*  liun- 
dred  ;  hi  other  words,  one  hundred  and  seventy -five  grammes  of  starcli 
are  equivalent  to  one  hundred  gnunmes  of  fat. 

y,  THE  FOOD  RKQUmED   BY  THE  HERBIVORA    CNDER  DIFFEEEXT 

COXDITIONS. 

The  nutritive  processes  in  the  herbivora  differ  in  many  respcetsfromJ 
those  of  the  eaniivora.     In  tbe  iirst  place,  less  albiinien  is  destmved  I 
during  fasting  liy  the  herbivora  than  is  the  case  in  tbe  eamivora,    Tlxua,  I 
while  in  the  examijlc  iriren  above  a  dog  weighing  tlvirty-five  kikm  fl«?- 
stroys  daily  one  hundred  and  sixty-eight  grammes  of  annimen«  jin  v% 
weigliingfivc  hundred  and  twenty-two  kilos  only  destroys  twelve  boaflreJ 
and  seventy  granitnes»     So,  also*  tbe  herbivora  on  feeding  with  csirh*- 
hytlrates  and  fat  show  mneh  less  tissue  Maste  than  tbe  caruivora.    In 
other  respects,  with  allowances  for  tbe  dilTereut  digestive  pecullantios  of  ] 
caruivora  and  herbivora,  the  nutritive  i)n>eess  may  be  said  to  l»e  .similar. 

It  bas  been  already'  stated  that  Ibods  musit  not  only  eonliiiu  Jt|*re- 
sentatives  of  tbe  proteid,  carbohydrate,  and  fat  groups,  with  salta  ajkI 
water,  but  the  diiferent  constituents  must  be  present  in  definite  pnviwr- 
tions^  whieh  may,  however,  vary  according  tu  tlie  demands  on  tbe  auiiuai 
The  proportion  of  albuminous  to  non-nitrogenous  matter  in  food,  i,^.|tjsir 
proportion  of  alljumcn  to  starch  and  fat,  is  spoken  of  as  tbe  notfili^e 
prui)urti(jn.  The  average  nutritive  jiroportion  is  attained  wlien  the  f*HKf 
contains  otie  j>art  proteid  to  from  five  to  eight  parts  of  non-nilr(»jJ:<ifi''^* 
matter,  it  being  remembered  that  one  hundred  part^  fat  may  la*  refJuffJ 
by  one  hundred  and  seventy -five  parts  carbohydrates;  1:  2-4  is  ?i>olf«fi 
of  as  a  narrower  nutritive  proportion,  and  1:^12  us  a  wider  atttnu^* 
proportion* 

The  natural  food  of  the  domesticated  berbivoni  bas  a  nutrftiiv pi^ 
portion  of  1:4-1:7;  thus,  ordinnry  bay  bas  a  proportion  of  l:>-b''t 
and,  although  it  may  be  reganled  as  ti»e  normal  food  of  ruminaat^Js  iwi 
suitable  when  there  is  a  demand  for  rapid  fiit,  milk,  or  work  proil*HJl»oft^ 
In  grass  the  [iro[>ortion  is  only  1 :4-6,  and  on  such  foods  •  '^^ 

tbe  most  milk;  young  cattle  thrive  on  it  and  rapifily  put  on  i 
has  a  proportion  of  1:5-^,  but  on  account  of  its  large  jiereeoUfft^ 
cellulose  is  not  completely  digested,  so  it  is  usually  combine*!  irittii 
more  concentrated  food.     Before  blossoming  clover  has  a  pr«j|>t>rli<^i  ^ 
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1  r4,  or  even  1:3,  and  its  use  then  entails  a  waste  of  valuable  proteids 
niiless  combined  with  chopped  straw  so  as  to  bring  the  proportion  down 
to  1:5.  In  the  cereals  the  proportion  on  an  average  is  1:5-7,  being 
'broader  in  Iwirley  and  corn  than  in  oats,  rje,  and  wheat ;  in  the  hulled 
Croits,  malt,  brewers^  grains,  and  distillery  residues  the  proportion  is  1:3, 
«nd  in  rape-seed  cake  1 : 1-2,  These  latter  fodders  are,  therefore,  only 
mpplicablc  under  special  conditions.  After  this  recapitulation  we  may 
consider  the  principles  of  feeding  somewhat  more  in  detail. 

Animals  which  have  no  work  to  do  besides  growing  and  keeping  up 
their  nutrition  are  nourished  perfectly  well  by  grazing  if  the  grass 
18  abundant  and  of  proper  composition  ;  this  is  the  case  for  sheep,  two- 
to  three-year-old  horses,  and  young  cattle.  If  these  animals  are  stall- 
fed,  instead  of  being  put  to  grass,  on  account  of  the  perfect  quiet  and 
even  temperature,  the  nutritive  demands  are  reduced ;  so  now  feeding 
irith  hay  or  straw  with  some  nitrogenous  food  suflices.  A  similar  state 
of  affairs  holds  in  animals  which  are  stall-fed  without  being  worked,  such 
ftsoxen  in  winter  months,  and  the  amount  of  food  may  here,  also,  be  con- 
siderably reduced.  The  data  showing  the  amount  of  food  required  are 
About  as  follows : — 

For  unworked  animals,  for  ever}-  one  hundred  kilos  body  weight, 
8.6  kilos  of  solids  in  the  grasses  (green  fodder)  is  sufficient ;  therefore, 
^or  the  herbivora,  for  ever}'  one  hundred  kilos  bod}-  weight,  ten  kilos  of 
Sntiss,  containing  2.5  kilos  of  solids,  and  of  this  1.3  kilos  of  digestible 
'Matters,  is  sufficient.  In  this  amount  0.25  kilo  is  represented  hy  albu- 
^^€n,  non-nitrogenous  extractive  one  kilo,  and  fat  0.05  kilo  ;  so  the-ratio 
^f  the  amount  of  food  to  the  amount  of  digestible  matter  is  1 :4.2. 

Thus,  a  horse  weighing  five  hundre<l  kilos  may  preserve  a  nutritive 

^C|uilibrium  on  a  daily  ration  of  seven  hundred  grammes  albumen,  two 

*tundred  and  ten  grammes  fat,  three  thousand  seven  hundred  and  fifty 

grammes  starch  and  cellulose,  and  about  twenty  kilos  of  water ;  the  ratio 

^f  nitrogenous  to  non-nitrogenous  food  being  thus  1:5.5.     Starch  and 

fat  ma}'  replace  each  other,  seventeen  parts  of  starch  being  equivalent  to 

ten  parts  of  fat.     In  the  horse,  the  carbohydrates  arc  more  important 

keat-producing  foods  than  is  the  case  in  man.     Woltf  lias  found  that  of 

the  heat  produced,  76  per  cent,  is  due  to  carbohydrates,  13.5  per  cent. 

to  proteids,  and  10.1  per  cent,  to  fats. 

In  a  general  way  it  may  be  said  that  for  each  kilo  of  body  weight 
the  herbivora  requires  daily  one  hundred  and  fifty  grammes  albumen, 
fifty  grammes  fat,  and  seven  hundred  and  fifty  grammes  carboli3'd rates. 
Smaller  animals  require  proportionately  larger  amounts,  since  the  de- 
structive processes  are  more  active  in  them.  In  fattening  animals  the 
carbohydrates  must  be  increased  ;  in  milking  animals  the  albuminous 
food-constituents. 
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Experimeut  has  proved  that  cuttle  preserve  a  nutrltU'e  equililmum 
w)ien  they  receive  ji  thiil}'  ration  calculated  fur  ten  hundred  kilos  of 
body  weight,  as  follows  : — 

19.5  kiloa  dovcr-hay. 
8.7    "        •*         '*    13.0  kllas  f>at-straw»  and  0,6  kiloa  rape-seed  ctke. 

2.6    •'        "  "    14.2     •*       *'        **        "    0.5 

8.3    '*        *'         *'    18.3    **  barley  '*        •*   0.6 

25.6  **  ft>dder-beet9,  ri.tt    •*  oat        "       "    1.0      ** 

In  the  above  feeding  the  animals  digested  and  absorbed  for  ten  l»un- 
drcd  kilos  body  weight  on  an  average  0.57  kilo  albumen  and  7.4  kilo?  hod* 
nitrogenous  matter;  hence,  the  nutritive  proportion  wad  1:13.  Tk 
above  fodder  contains  on  an  averajje  0,05  kilo  phosphoric  acid,  0.1  kilo 
lime,  and  0.2  kilo  nlkalies;  in  addition,  lor  ten  hnndre<l  kilos  Mj 
weight,  fifty-five  kilos  water  were  given. 

For  pre«ruant  animals  which  are  not  worked,  as  brood  mares^pu' 
tnre  is  sulMeient;  or  if  stall-fed,  hay  and  straw,  the  latter  with  ioiiie 
nitrogenous  food,  will  answer  if  the  total  coropusitiau  is  made  to  ccr- 
respond  with  tliat  of  grass.  If  the  grass  and  hay  are  not  of  the  [>roper 
com  position  some  accessor}^  food  must  be  added.  Especial  refenaiw 
must  be  paid  to  the  amount  of  albumen  and  salts  in  the  fowl,  sneli  x^ 
lime  and  phosphates,  as  of  special  importance  for  the  development  of  tl«<f 
oHscous  system  of  the  young.  In  such  cases  some  albuminous  food  ridi 
in  salts  is  necessary,  such  as  grains. 

Mule  brectling  animals  which  do  not  work  must  have  their  To*)*! « 
adjusted  that  they  do  not  put  on  fat;  not  that  the  amount  of  organic? 
matter  ma>*  lie  rcflucetl,  bnt  the  food  must  be  conceutraled,  hiiveasfflxH 
]tereentage  of  iudigestiblu  matter^  aurl  little  water  and  much  albuiocn.  E?- 
psicially  in  the  coupling  scfison  must  the  food  l>e  rich  in  allnmieti  tonwlw 
np  for  the  losses  through  copulation.  Fat  stallions  and  hulls  arc  »<»* 
iruitfuh 

Animals  for  labor  rerpiire  more  than  pasture;  the}*  re<|nirp  a  to 
amount  of  albumen,  for  by  it  the  muscles  are  enabled  to  aiipropriatri 
hi  rger  ntmn\  1 1 1  of  oxygen  ;  so ,  al so ,  fn t  and  en  rbohy d rates  m usti  l>e  1 1 
since  they  give  to  the  muscles  the  sulistance  which  is  eonsununl  in  u. 
activity.  If  the  work  is  constant  the  carbon  of  mnseles  must  ftlimr*** 
in  excess.  Vohnninons  and  wnter}^  food  must  be  avoideil.  The  forutt 
distends  the  alimentary  canal,  and  so  interferes  with  respiration, and tk 
hitter  leads  to  an  accumulation  of  w^ater  in  the  tissaes,  and  reduces  tk 
tension  and  ehistieity  of  the  muscles.  So  the  food  must  l>e  coiit .  ~'  * 
jis  oats  nnd  bnrley,  which  are  especially  valuable  on  account  of 

Cattle  on  moderate  work  require  per  thousand  kUo«  bofiy  weisirt, 
from  0,7  kilo  to  1.6  kilos  albumen,  non-nitrogenous  matters  from  iA^ 
12  kilos;  the  nutritive  proportion  sLould  thus  be  1  r7-5. 
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Tbi8  proportiou  may  be  reached  in  the  administration  of  suitable 
Douuts  of  hay  with  some  concentrated  food,  or  clover-hay  with  chopped 
s^nw.  When  severe  work  is  required  it  is  advisable  to  increase  the 
q^iiantity  of  fat  given  (as  by  adding  some  oil-cake),  the  nutritive  propor- 
tion being  brought  to  1:6. 

Working  oxen  can  stand  a  larger  amount  of  raw  food  (hay,  etc.) 
tlian  horses.  If  rapid  work  is  required  of  horses,  a  rich  albuminous  food 
such  as  oats  must  be  given  ;  if  prolonged  work  is  demanded,  one  richer 
in  ikt,  as  com,  is  better. 

If  animals  are  fed  for  food  purposes  an  increase  in  the  solids  and 
digestible  matter  of  the  food  is  requisite;  so  the  api>etite  must  be 
stimulated,  and  yet  overloading  of  the  alimentary  canal  avoided.  It  is, 
therefore,  advisable  gradually  to  increase  the  amount  of  the  usual  food, 
to  stimulate  the  secretion  by  small  quantities  of  salt,  if  possible,  to  aid 
digestion  by  a  previous  preparation  of  the  food,  such  as  b}-  giving  ground 
laeal,  and  so  to  choose  the  foods  that  the  waste  of  the  organism  will  be 
at  a  minimum. 

At  the  commencement  of  such  fattening,  the  organism  must  be  made 

fieh  with   albumen:  so  thin  animals  must  receive  a  large  amount  of 

digestible  food,  with  an  extra  proportion  of  fat  and  cacbohj-drates,  since 

We  have  found  that  under  such  circumstances  there  will  l)e  least  waste  of 

albuminoids.     This  is  accomplished  by  feeding  for  about  two  weeks  with 

^•5  kilos  albumen  and  12.5  kilos  non-nitrogenous  matters  per  thousand 

kilos  body  weight,  thus  giving  a  nutritive  proportion  of  1:6.     Then  the 

^On-nitrogenous  matters  must  be  increased  to  from  12.5  to  16.25  kilos  per 

^^ousand  kilos  body  weight,  so  making  the  proportion  1 : 6.5.     When  the 

^Oonomy  becomes  rich  in  albumen  and  then  commences  to  put  on  fat,  the 

^Xbumen  of  the  food  may  be  increased  to  3.0  kilos,  making  a  proportion 

^f  1:5.5;  when  it  becomes  very  fat,  the  solids,  especially  the  indigestible 

^t>lid8,  must  he  reduced,  and  some  oil-cake  added  to  the  food. 

In  fattening  oxen  the  water  given  should  be  in  the  proportion  of 
^4-5:1  of  the  solids  given,  in  sheep  2-3 : 1. 

In  fattening  sheep  it  has  been  proved  that  highl}'  albuminous  foods 
%re  especially  valuable.  Ground  beans  may  be  used  for  this  purpose 
(0.5  kilo  daily)  combined  with  hay.  In  fattening  sheep  the  preparatory 
treatment  necessary  with  cattle  may  be  usually  disi>ensed  with,  and  the 
diet  more  rapidly'  changed  from  one  poor  in  nitrogenous  matters  (1 :5.5) 
to  one  rich  in  proteids  (1 : 4.5).  The  diet  for  sheep  must  not  be  too  rich 
in  water,  so  beets  are  not  as  valuable  as  with  cattle ;  the  best  results  are 
obtained  from  feeding  with  good  hay  and  a  corresponding  amount  of 
crushed  beans  or  cereals.  Sheep  fatten  more  rai)idly  after  shearing  than 
before,  for  then  the  appetite  is  better  and  the  thirst  less. 

Young  animals  which  are  designed  for  food  purposes  will  slowlj-  take 
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on  flesh  in  a  ^ood  pasture ;  if  an  accumulation  of  fat  19  desired,  addidouiil 
carlxilijd rates  ar»d  fatty  food  must  b«  given, 

Ab  a  rule,  the  hog  is  more  re^idilj  fattened  than  the  sheep,  ftti<l  the 
ktter  than  the  ox.  Race  is  also  of  influence.  Tliin,  full-grown  iit>g«At 
tlie  commencement  of  fattenincr  require  large  amounts  of  food,  forty  kiloii 
of  BoUds  per  tliousund  kilos  Ijody  weight.  Good  results  arc  obtaiue*!  l>y 
feeding  with  crushetl  barley,  corn,  or  peas,  the  latter  especially,  if  mixe<l 
with  steamed  potatoes.  The  use  of  buttermilk  or  sour  milk  enables  tlw 
amount  of  fooil  to  be  ro^lueed  and  still  give  satisfactory  results. 

For  milk  animals  tlic  conditions  of  food  have  been  alrea^ly  cofisid* 
ered,  and  a  good  pasture  is  all  that  is  required. 

When  stail-fed,  nutritive  change  !»  reduced ;  when  fiKwl  oarfe- 
sponding  to  pasture  is  given  the  quantity  of  milk  and  butter  is  increased. 

In  wool-producing  animals  a  larger  percentage  of  proteids  is  reiiuirvd 
in  the  food  than  in  cattle,  goats  requiring  less  than  sheep*  ExiHjriimuit 
has  proven  tlint  sheep  (ninety-six  kilos  in  weight)  on  fee<ling  witli  ttflV 
for  one  tliousjiud  kilos  body  weight  require  daily  twent\^-six  kilos, and 
of  tliis  digest  1.32  kilos  albumen  and  10.53  kilos  non«nitrogenous  nmttcfs 
(with  0.322  kilo  fat).  On  sucli  feeding  tbe  weight  iucrensed  somewbal, 
0.131  kilo  albume^n  and  0.299  fat  (reckoned  for  one  thousand  kilui  bod}- 
weight)  being  deposited.  The  nutritive  proportion^  therefore,  for  s^hwp 
should  be  1:9.3.  It  has  further  lx*en  determined  by  Wendeeand  Huben- 
heiiu  tbat  slight  loss  of  weigUt,  within  limits,  does  not  interfere  litK 
wool  production,  espi^ciaOy  if  the  food  bo  rich  in  proteids. 

By  chopping  food  nuistication  is,  to  a  certain  extent,  facilitatinl,  Imt 
it  cannot  be  regarded  as  a  substitute  for  mastication,  since  the  mixifl^ 
with  saliva  can  oidy  be  perfectly  performed  when  the  fiyctd  h  thoron^lily 
masticated.  The  principal  object  in  chopping  food  is  to  enable  it  to  I* 
mixed  with  other  materials  so  as  to  increase  its  taste  fulness  and  digt^ti- 
liility,  or  to  assist  in  the  atiuiiuistration  of  other  snbsUinces.  CboppiajJ 
should  never  lie  carried  so  far  as  to  permit  of  .the  food  being  swftUowtd 
without  undergoing  a  certain  nmonnt  of  mastication.  The  cerenlsa^ 
especially  suited  for  administration  nncler  the  forms  of  meals  anil  m»y 
be  readily  mixed  with  other  foods.  The  readily  dige**tible  grains.  <'f 
course,  do  not  need  to  Ive  ground,  but  in  the  form  of  menl  they  imjrl* 
mixed  with  less  digestible,  bulky  substances,  such  as  chopped  fitT**- 
Thorough  mastication  of  the  Intter  is  so  attained  and  the  gmin  gt^a 
taste  to  the  mixture,  without  wJjich,  probably,  tlie  foo<l  would  lie  rejittrf' 
To  horses  and  sheep  all  grains  the  hulls  of  which  arc  not  too  liJinl  iix' 
thick  nmy  be  given  uncnished  by  mixing  with  choppetl  straw  aiui  tbcljk* 
as  long  as  tlieir  organs  of  mastication  are  in  good  condition.  Barh 
best  gi\en  to  sheep  when  roughly  ground,  while  the  see<lfl  of  the 
minous  plants  and  corn  may  likewise  be  ground  for  sheep  wd 
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Grimting  of  oats  is  only  necessary  for  old  horses  or  those  in  which  the 
te^th  are  chaDgin^,  Oxen  and  bogs,  as  a  rule,  digest  the  gronnd  cereals 
better  than  tlie  whole  grains.  According  to  Lehmann,  of  the  entire 
g^ratna  in  a  four  teen -mo  nths-okl  ox  48.2  barley  and  19.0  per  cenL  oats 
remained  undigested.  In  a  five-months-old  ox  33. G  barley  and  G.5  per 
ocDt.  oats  remained  undigested. 

Even  after  mixing  with  chopped  straw  a  large  part  of  tlie  entire 

grains  escape   digestion  and  jjiistj  through  the   fieces  almost   entirely 

nnchanged,  and  still  possess  the  ixjwer  of  germination.   Of  one  hundreti 

kilogrammes  of  the  ungronnd  grains  fed  to  hogs  Lehmatm  found  in  the 

fjfices  50.6  kilos  of  uats,  4tJ.8  kilos  of  rye,  54.8  kilos  of  barley,  and  4.8 

kilos  of  peas.     The  experiment,  therefore,  points  in  the  most  emplmtic 

fnanner  to  the  administration  to  the  ox  and  hog  of  all  the  cereal  grains 

mealed  and  mixed  with  other  foods.     About  the  only  exception  to  this 

statement  is  found  in  the  case  of  oats,     Tlie  chopping  of  dry  fodder 

emibles  it  to  lie  mixed  readily  with  large  amounts  of  more  tasty  sub- 

Btlflcea.     So,  also,  the  young,  tender,  highly  albuminous  green  foods 

Btoy  be  chopped  and  mixed  with  less  nutritious  sul>stances,  such  as  straw. 

Tile  transition  of  dry  to  green  feeding  and  the  reverse  ia  facilitated  by 

the 'mixture  of  the  green  fodder  with  dry*c!iopped  straw.    Ilorses  should 

«/wa3^s  receive  good  htiy  uiK.ho])fjed,  luit  tiie  straws  of  the  cereals  should 

always  be  given  in  a  cliopptd  state,  since  horses  will  only  take  the  liard 

^traw  in  small  amounts.     Chopped  food  for  horses  should  not  be  shorter 

^faan  from  one  and  one-third  to  two  centimeters  in  length  of  each  piece, 

®'iiee  smftller  pieces  readily  lead  to  ol>strueti%*e  colic,  especially  if  given 

^^ith  meat  in  a  moist  condition.     For  the  ox,  straw  may  lie  chop[>ed  into 

l^i^ces  two  antl  one-hidf  to  three  centimeters  long,  and  mixed  well  with 

^<^m-meal  or  chopiRnl  beets  or  potatoes  in  order  to  make  it  more  tasty. 

The  rluration  uf  the  interval  l^etween  diirerent  times  of  feeding  of 

^lie  domestic  animals  is  a  matter  of  considerable  importance.     Too  fre- 

^litent  feeding  should  be  avoirled  on  account  of  the  shortening  of  the 

^^cessary  pauses  between  the  digestive  processes.     The  ruminants,  espe- 

^^iaily,  should  not  receive  more  than  at  Hiost  three  meals  in  the  da^^so  as 

^^  allow  time  for  rumination.    Horses  likewise  should  receive  three  meals 

^nd  hogs  from  three  to  four  meals  a  day.     On  the  other  hand,  the  inter- 

x-als  between  feeding  should  not  be  too  long,  on  account  of  the  great 

increase  of  hunger  so  produceil  kiading  to  faulty  mastication  and  imper- 

tect  insalivation  of  the  food.     This  state  of  aflairs  may  produce  much 

more  serious  disturbance  in  the  non-ruminants  than  in  the  ruminants. 

In  young  cattle  from  four  to  six  meals  may  be  given  a  day  on  aecount 

of  tlie  relatively  smaller  size  of  their  stonmchs,  since  three  meals  scjircely 

furnish  enough  to  sustain  them.     So,  also,  when  the  fodder  is  especially 

fluid  the  meals  may  succeed  each  other  every  two  or  three  hours,  for  in 
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^^^^H             Normal  Amounts 

* 
OP  Food  for  Cattle,  Hobses,  Sheep,  and  Swi 

^^^^1                 For  every  kilognimme  of  body  weight  the  following  amounts  of  dif 

^^^^H          food-stufTs  miiBt  be  contained  in  the  daily  ration:-- 
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^^^H                     Youjifj  Cattle. 

^^^H           2-Z  mODthfi  old,  75  kg. 

^^^^^H              weight, ..... 

21.0  26.0;23.5  13,0 

5.0 

4.0 

9.5 

13.5 

11,0,1.5 
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2.0 
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^^^^B          3-^    monttis  old,    150 

1      ! 
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3.0 
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1 
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on  the  fltoraach  rapidly  empties  itself  and  the  feeling  of                ^^ 

n  appears.     So,  also,  wlien  feeding  with  dry  fodder  is  com- 

i  better  at  the  beginnin|j  to  give  at  least  four  different  meals, 

Old  overdistention  and  filling  of  the  stomach  with  this  more 

k  At  the  end  of  fattening  the  meals  may  Ije  increased  in 

reduced  in  amount,  digestion  of  small  amounts  of  readily 

lods  being  now  more  readily  accomplished. 
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VI.  HUNGER  AND  THIBST* 

The  sensations  which  lead  to  the   prehension  of  solid  and  liquid 
foods  are  known  as  hunger  and  thirst.     It  was  previously  suppo«4^  ibl 
hunger  was  a  local  sensation  which  was  produced  hy  the  absence  of  food 
in  the  stomach.     Evidently  this  la  a  mistaken  idea,  dse  would  the  ruiai- 
naiits  never  experience  this  sensation,  for  in  them  the  stomach  is  ocm 
free  from  food^  even  wiien  deatb  occurs  from  starvation.     The  appear- 
ance of  hunger  coincides  with  absorption  of  the  matters  digested  at  Ibe 
previous  meal.     Although  the  sensation  is  apparently  referred  to  Uit 
abdomen,  it  cannot  be  regarded  as  a  localized  sensation,  but  rather  mi 
peculiar  modification  of  the  general  system  similar  to  that  prodocecl  ia 
dyspnoea;  nor,  indeed,  is  the  stomach  even  the  starting  j>oint  of  hungef, 
for  the  pneumogastries,  the  sensory  nerves  of  this  or^an,  may  be  divided, 
and  if  the  animals  be  deprived  of  food  the  clearest  evidences  of  bunfer 
are,  nevertheless,  capable  of  detection.    In  spite  of  this  fact,  the  sejwitioo 
of  hunger  is,  nevertheless,  to  a  certain  extent  dependent  uiHiu  the  oofr 
dition  of  the  stomach,  as  is  indicated  by  the  temporary  relief  of  h«n|«t 
which  follows  introduction  into  tlie  stomach  of  matter  which  isnotiti 
the  slightest  respect  nutntioua.     So,  again,  even  when  the  stomach  J^ 
filled  with  food,  if  through  any  disease  digestion  or  absorption  or  i\^^ 
passage  of  food  into  the  small  intestine  are  interfered  with  the  linngc?'  ^ 
may,  nevertheless,  be  intensely  felt ;  and,  again,  even  after  a  hearty  nie-^ 
digestion  may  be  com[ilete,  and  the  stomach  empty  for  some  time  t»efor^ 
the  sensation  of  liungcr  jippears. 

In  the  case  of  tliirst  the  state  of  affairs  is  somewhat  similar,  except* 
that  there  the  sensation  is  more  distinctly  localized  in  the  fauces  ani^ 
may  he  relieved  by  the  ap|)lieation  of  moisture  to  that  part.     Wben  aii< 
animal  is  deprived  of  liquid,  the  blood,  from  the  continued  formation  of 
secretions  and  excretions,  rapidly  loses  its  normal  percentage  of  water. 
The  sensation  of  thirst  is  evidently  due  to  the  irritation  of  the  wmimXT 
nerves  of  the  mucous  membrane  of  the  pharynx  produced  by  the  drying 
of  the   mucous  membrane,  and  while  it  may  l>e  relieTed,  %s  Blready 
mentioned,  by  moistening  this  part,  the  firrest  of  thirst  is  only  temjiormryy 
But,  on  the  other  hand,  the  thirst  may  Ik*  permanently  relieved  hy 
injection  of  water  into  the  veins  and  even  by  enemata  of  water, 
while  thirst,  therefore,  has  a  local  expression,  like  hunger,  it  reprrsenti' 
the  needs  of  the  economy  for  water ;  thirst  raaj^  thus  be  abolished,  eren 
altliongh   no  water  enter  the  mouth.     Every  cause,  therefore,  which 
diminishes  the  proportion  of  fluid  in  the  lilood,  whether  intenae  bait  or 
exercise  which  favor  cutaneous  and    pulmonary  evaporatioQ^  dropeites, 
abundant  hemorrhages,   or  dialietcs,  all   lead  to  thirst;  «o,  mlso,  salts 
occasion  thirst  by  withdrawing  water  from  the  blood. 


SECTION    XIIL 
Animal  Heat. 

It  has  been  seen  that  the  income  of  the  animal  l:xK3ly  is  represented 
by  complex  combinations  of  carbon »  hydrogen,  nitrogen,  and  oxygen,  and 
the  introduction  of  free  oxygen  in  respiration  ;  the  outgo  of  the  body, 
on  the  other  hand,  is  represented  by  similar  combinations  of  the  same 
elements  in  the  form  of  carbon  dioxide,  water,  and  nrea. 

The  conclusion  is  thus  evident  that  tlie  absorbetl  oxygen  has  within 
the  body  undergone  combination  with  carbon  and  hydrogen  with  the 
production  of  carbon  dioxide  and  water,  and  that  the  substances  intro- 
duced as  food  have  all  in  different  degrees  unites!  with  oxygen.     In  other 
•words,  the  nutritive  processes  in  the  animal  iMuly  are  re[>resented  by  a 
series  of  oxidations  by  which  the  organic  food-products  are  restored  to 
the  inorganic  form.     Oxidation  of  any  kind  will  invariably  be  accom- 
panied by  a  production  of  heat,  and  wc  thus  see  that  one  of  the  principal 
sources  of  the  heat  of  the  animal  body  is  to  be  looked  for  in  such  pro- 
cesses of  oxidation.     It  is  a  well-esttdjlislied  fact  that  the  combustion  of 
any  body,  whether  rapidly  or  slowly  produced,  is  accompanied  by  the 
evolution  of  a  fixed  quantity  of  heat,  provided  the  energy  be  not  other- 
wise employed*     Thus,  the  complete  comluistion  of  one  gramme  of  sugar 
invariably  corresponds  to  the  development  of  four  heat-units.* 

If  this  combustion  takcH  place  in  the  animal  body,  it  is  evident  that 
the  same  amount  of  heat  must  be  deve!o[HKl,  no  matter  what  may  be  the 
character  of  the  substances  developed  l>etween  the  starting  point  and  the 
final  termination  of  the  process  of  oxidation. 

In  the  animal  body,  however,  such  processes  of  combustion  are 
rarely  as  complete  as  would  occur  in  the  incineration  of  food-stufls 
outside  of  the  body.  Thus,  for  example,  in  albumen  the  process  of 
oxidation  results  in  the  formation  of  urea,  which  itself  is  cajmble  of 
still  further  oxidation.  Nevertheless,  it  may  l>e  stated  with  a  tolerable 
degree  of  accuracy  how  much  heat  ie  set  free  in  such  processes  of 
oxidation  of  the  food-stufTs  in  the  animal  body.  Knowing  tlie  amount 
of  heat  developed  in  the  oxidation  of  oue  gramme  of  albumen  and 
the  amount  developed  in  the  oxidation  of  a  proportionate  quantity  of 
ttrea,  deducting  the  latter  from  the  former  will  evidently  represent  the 

^  Bf  tbis  ticnn,  he&t-unlt,  is  meant  that  amount  of  beat  wblcli  iB  required  t<i  rti«e  one 

kni>^ranime  of  water  from  tP  C.  to  lo  C. 
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degree  of  oxidation  ocearrlng  in  the  animal  body.     This  factor  haa  been 
estimated   as   corresponding   to   five  heat-uuits.     With  these  daU  tiw 
amount  of  heat  developed  in  twenty -four  hours  may  bereatlily  caleukted, 
Thus  J  taking  the  example  given  by  Fick,  the  income  of  the  body  w; 
represented  in  roinid  numbers  by  one  hundred  and  twenty  grajnmes 
fat,  two  hundred  and  sixty-tbree  grammes  of  carbohydrates,  and 
hundred   and   seventeen  grammes  of  albumen,  with    the  excretion  of 
thirt3^-nine  grammes  of  urea.     The  combostton  of  one  gramme  of  ISit  i» 
represented  by  the  development  of  nine  and  six-tenths  bea t-u aits,  and, 3» 
already  seen^  one  gramme  of  carbohydrates  by  four  heat-unitd,  and  om 
gramme  of  albumen  by  five  heat-units.     The  total  amount  of  lieat, Ihen^ 
fore,  developed  is  represented  by  120  X  9.6  4.  263  X  4  +  1 U  X  6,  or,  !■ 
round  numbers,  two  thousand  eight  hundred  heat-units.     The  eoufinuip 
tion  of  these  figures  and  their  influence  in  maintaining  the  heat  of  tbe 
animal  body  is  determined  by  calori metric  experiments.     To  aceomptiBti 
such  an  experiment,  first,  the  tissue  change  in  twenty-four  hours  must  I* 
calculated ;  second,  tlie  amount  of  heat  liberated  by  the  body  in  timl 
time;  third,  the  average  temperature  of  the  animal  body  at  the  con** 
mencement  and  end  of  the  experiment;  and,  fourth,  the  avemge  lie»t 
capacity  of  the  body.     As  a  rule,  the  dirterenee  between  the  Inxly  tPiD- 
perature  at  the  commeneement  and  end  of  such  experiments  is  so  sIlgLt 
as  not  to  deserve  attention,  and  the  amount  of  heat   set  free  in  ti»entT* 
four  hours  may  be  regarded  as  indicating  the  amount  of  heat  developed 
in  the  body. 

Such  experiments  do  not,  however,  serve  with  absolute  accnmcv  l^ 
confirm    the   theoretical  figures  deduced  from    the  co-effleient  of  btfit 
production  represented  above  as  belonging  to  the  different  foocUtuife. 
In  nearly  all  eases  tliere  is  an  apparent  loss  of  heat  over  what  should  be 
expected  from  these  data.     It  is  to  be  recollected,  in  the  expUnation  o( 
this  discrepancy^  that  the  energy  set  free  in  such  oxidations  niM'  tike 
on  the  form  either  of  heat  or  of  mechanical  work*     In  the  aniin^U  1^^? 
all  these  sources  of  loss  of  energy  occur.     All  forms  of  muscular  ^lor^ 
lucnt  are  accompanied  by  lit)oration  of  energy,  and  a  continue' 
heat  is  taking  place  through  radiation  from  the  surface  of  the 
conduction,  by  the  evaporation  from  the  skin  and  mucous  surCi    -  - 
by  the  w^arming  of  the  ingesta.     The  amount  of  heat  dissifMiti'd  l»>  i^ 
arumal   bfnly  in  a  condition  of  health  is  in  close  dependence  upoo  tb< 
amount  produced,  upon  the  drtference  in  temperature  between  tbeatiiaiw 
body  and  the  surrounding  medium^  and  especially  upon  the  relation^^'P 
between  the  external  surface  of  the  body  and  the  body  weight    Tte 
small  animals  for  each  kilogramme  of  the  body  weight  set  fVeemofrl««* 
than  large  animals.     It  has  been  estimated  that  for  each  kilogramine  «^ 
body  weight  the  horse  in  each  hour  sets  free  two  and  oue4eoth 
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unite;  sheep,  two  and  six-tenths  heat-units;  the  dog,  four  heat-units; 
sujcl  the  sparrow,  thirty4wo  heat-units.  Tlie  cause  of  this  difference  may 
be  found  in  the  fact  that  the  smaliera  sphere  the  greater  is  its  superficial 
area  in  comparison  to  its  cubic  contents.  The  same  rule  applies,  also,  to 
the  irregular  form  of  the  animal  body,  in  which  the  smaller  it  is  in  pro^ 
portion  to  the  weight  of  the  animal  the  greater  will  be  its  superficial  area. 
It  is,  however,  from  the  external  sLirthees  that  the  greatest  amount  of 
body  heat  is  dissipated,  and  it  is,  therefore,  seen  why  small  animals  lose 
proportionately  more  beat  than  larger  animals. 

Two  ditrcrent  conditions  arc  noted  in  reference  to  the  heat  which  is 
retained  in  the  animal  body,  and  which,  therefore,  causes  the  body  tem- 
perature. In  the  cold-bloiKled  animal  the  temperature  of  the  body  is 
not  constant,  but  varies  with  that  of  the  surrounding  medium,  rarely 
being  more  than  a  few  tenths  of  a  clegreo  above  it»  In  the  warm-blooded 
animals,  as  in  mammals  and  birds,  on  tiie  other  baud,  the  body  tempera- 
tare  is,  as  a  rule,  higher  than  that  of  the  surrouudiug  medium,  and  is 
independent  of  variations  in  the  latter.  The  cause  of  this  diircrcuce  of 
bod 3'  heat  lies  in  the  difference  in  energ^^  of  the  tissue  changes.  In  the 
cold-blooded  animals  the  developraent  of  heat  is  so  slight  that  this 
am^Hint  of  heat  is  at  once  given  up  to  the  cold  atmosphere.  If  the  ex- 
ternal temperature  be  increased,  this  dissipation  of  heat  is  accordingly 
diminislied,  and  as  a  consequence  part  of  the  heat  produced  is  retained 
in  the  InAy  and  increases  its  temperature.  On  the  other  hand,  if  the 
external  temijcrature  fails,  tlic  amount  of  heat  dissipated  is  increased 
and  the  body  temperature  falls.  In  animals  with  a  constant  body  tem- 
perature the  amount  of  !ieat,  on  account  of  the  greater  energy  of  tissue 
change,  is  so  much  greater  that  but  a  part  alone  is  given  up  to  the  sur- 
rounding medium.  From  the  fact  that  the  source  of  temperature  is 
found  in  the  cbemicid  changes  occurring  in  the  tissues,  it  is  evident  that  the 
development  of  heat  will  be  greater  in  tissues  in  which  such  processes  are 
active  than  where  they  arc  sluggish.  The  temperature  of  the  animal  body 
will,  therefore,  vary  in  different  localities ;  it  will  be  greater  in  secreting 
glands  and  contracting  muscles;  it  will  be  less  where  loss  of  beat  is 
favored,  and,  as  a  consequence,  the  exterior  surfaces  of  the  body  will 
possess  a  lower  temiierature  than  the  inner  cavities. 

In  the  lungs  the  blood  gives  up  so  much  heat  to  the  air  that  the 
temperature  of  the  Wood  in  the  left  side  of  the  heart  is  cooler  than  that 
of  the  right,  in  spite  of  the  development  of  heat  which  accompanies  the 
oxidation  of  hicmoglobin.  With  this  exception  the  arterial  blood,  as 
being  less  exposed  to  loss  of  heat,  may,  as  a  rule,  be  stated  to  be  warmer 
than  venous  blood. 

The  tenifjerature  of  an  organ  will,  therefore,  depend  upon  the  amount 
of  blood  circulating  through  it.   trnder  certain  circumstances  the  venous 
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Mood  may  increase  in  temperature  over  that  of  the  arterial  blood ;  1 

a  state  of  atTairs  is  seen  in  the  blood  coming  from  the  eontractiiig  mo 

or  from  a  secreting  ghiod.      The  blood  by  its  continuous  circulatio 

througb  the  body  tends  to  equalize  the  body  temperature,  giving  op" 

heat  to  tissues  which  are  cooler  than  itself  and  withdrawing  beat  froa. 

those  which  are  warmen     The  mean  between  the  highest  and  lowe 

temperature  of  the  animal  body  is  spoken  of  as  the  body  tempemttir 

and  is  generally  represented  by  the  temperature  taken  in  the  mouth  or  i 

the  rectum. 

The  fallowing  fSgures  represent  the  mean  average  temperatures  < 

the  different  domestic  animals  : — 

Horse 37  50to3ftOC. 

Ox 88  J  to  :J8.5^  C. 

I)o!? S8.5^  C, 

Sheep,     , 30Oto40OC, 

Chicken 429  C, 

Hog aootoicjoc. 

Am 89.50  to  d80C. 

Hiibbit, 3OOto30,5C>a 

Mouse 4Lloa 

Cat 88.5<^  to  890  C, 

Gooee, 4L5^  C. 

Pigeon 430  a 

While  these  figures  represent  the  average  \yoi\y  temperature.  T«fii^] 
tions  within   narrow  limits   may  often   be   observed   even  in  perftdlf  ] 
healthy  individuals.     A  variation  of  one  degree  or  more  indicated  mm 
failure  in  the  organism  or  some  departure  from  the  natural  proce^^^of 
metiibolisuK    It  is,  therefore^  evident  that  the  mechanisms  which  regulJiW 
the  balance  between  the  production  and  loss  of  heat  mu^t  lie  ejctrfcmelj 
sensitive.     Such  a  regulating  mechanism  will  pi-event  an  increwse  of  ti»  J 
body  terupernture  either  by  dimiuishiug  the  production  or   iiicretfili|| 
dissipation  of  heat^  or,  in  the  other  case,  by  increasing  the  pro<iuctiai  j 
and  diminishing  the  loss. 

Heat,  aw  alrca<ly  indicate*!,  is  lost  to  the  Inxly  by*  eonductton  totbl  j 
ingesta  and  egesta,  to  the  expired  air,  and  by  conduction  and  mtilttioo 
from  the  skin  and  through  the  evaporation  of  fluid  from  the  surfaoftif 
the  body.  The  relative  amounts  of  heat  lost  by  tliese  d liferent  cluuwdi 
have  beeu  calculated  by  llelmUollz  as  Ibllows:  through  tlje  expiretl •*'» 
5;2  per  ceut»  j  through  the  water  of  respiration,  14.7  per  cent.;  tljroii^ 
the  skin,  TT.5  percent  The  chief  means,  therefore,  of  heat  dissipitii*  ^ 
are  through  the  lungs  and  ^kin.  The  more  rapid  the  respjnitiooj 
greater  will  be  the  loss  of  heat,  and  in  animals  which  do  not  i>ersipftl 
lungs  will  represent  the  main  source  of  heat  dissipation.  In  <f^ 
animals  the  skin  1s,  no  doubt,  the  great  regulator  of  the  IhxI ^ 
ture.  The  more  blood  passes  through  the  cutaneous  vessels,  tti- 
will  be  the  loss  uf  heat  through  radiation,  the  greater  will  he  the  01^ 
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urn  secretion,  and,  as  a  consetjiience,  tlie  greater  will  Ije  the  loss  of 
hent  througU  evaporation.  E very tliingj  therefore,  which  dilates  the 
cutaneous  blood-vessels  will  inereiise  tite  heat  dissipation.  The  working 
of  the  mechanism  of  heat  regulutiou  through  increasing  heat  dissipation 
is  well  seen  in  the  case  of  exercise.  Every  muscular  contraction,  as 
already  pointetl  out,  leads  to  an  increase  of  heat  production,  and,  ns  a 
consequence,  the  hlood  comini]^  from  a  contracting  muscle  mny  lie  several 
de^rt^es  warmer  than  the  arturinl  blood  supplied  to  it,  Nevertiielcss^  tiie 
body  temiterature,  even  iu  severe  exercise,  is  but  little  elevated  above  the 
average,  for  the  inercasetl  exercise  leads  to  an  increased  demand  of 
oxygen  in  the  inspired  air,  and,  as  a  consequence,  respiration  is  increased 
and  the  amount  of  heat  eliminated  through  the  expired  air  thereby  aug- 
mented. The  action  of  the  heart  is  likewise  accelerated,  the  circulation 
through  the  skin  is  augmented,  perspiration  is  increased,  and  a  greater 
amount  of  heat  is  given  np  froin  tlu^  skin  by  radiation  and  by  the  evapo- 
ration of  the  perspiration.  By  this  menna  enough  heat  is  lost  to  the 
animal  bod}'  to  balance  the  increased  production. 

Increase  of  external  tenijieraiure  likewise  prevents  an  increase  in 
the  body  temperature   by  increasing  the  circuhition  through   the  skin 
and  the  entaneoiis  perspiration,  and  so  also  increases  the  loss  of  heat. 
On  the  other  hand,  if  the  external  temperature  is  reduced  the  cutaneous 
vessels  contract,  the  evaporation  of  perspiration  is  prevented,  and  again 
a  balance  is  struck  between  the  production  and  the  heat  dissipation. 
The  influence  of  the   nervous  system  on  the  temperature  of  the 
animal  body  is  both  directly  and  indirectly  exerted.     It  has  been  men- 
tioned in  a  previous  section  that  diviaion  of  tlie  cervical  S3'mpathetic 
nervje  is  followed  not  only  by  contraction  of  the  pupil,  but  also  hy  an 
increased  tem[>erature  of  the  correspotuling  side  of  the  head  and  neck. 
If  this  experiment  be  performed  upon  a  rabbit  the  increase  of  tempera- 
ture is  so  great  as  to  l>e  readily  perceiJtible  to  the  touch ;  and  if  the  ears 
of  the  rabbit  be  examined  in  transmitted  light  the  blood-vessels  of  the 
auricle  on   the  side  of  section  of  the  syrnijatlietic  will  be  f<nind  to  be 
greatly  dilated.     Section  of  the  sympatlietie,  therefore,  hy  jiaralysis  of 
the  vaso-motor  nerves,  has  occasioned  dilatation  of  the  blood-vessels,  and 
■the  consequent  increased  vascularity  facilitates  radiation  of  heat  and  so 
<a.a«es  a  i>erceptible  increase  iu  the  temperature  of  the  part.     But  the 
[Increased  radiation  of  heat  is  also  attended  with  increased  heat  produc- 
ntion  ;    for  the  hyperfemia  produced  by  vaso-motor  paralysis  is  aceom- 
^mnied  by  increased  nutritive  activity,  and  heat  production  is  thereby^ 
iMMtgrmented.     Thus,  it  has  been  shown  by  BiiUlcr  that  excision  of  a  part 
lof  the  cervical  sympatbetie  in  the  rabbit  is  followed  within  two  weeks  by 
marked  increase  in  the  size  of  the  ear  on  the  side  of  operation  ;  and 
ision  of  the  cffiliae  plexus  has  been  said  to  produce  intense  hyperiemia 
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of  the  8tomacb.  Numeroua  instances  of  pathological  iDcrease  of  nmri* 
tive  activity  from  increased  blood  supply  and  consequent  increased  tem- 
perature will  doubtless  suggest  themselves. 

In  addition  to  this  indirect  iulhience  of  the  nervoos  system  througb 
the  vaso-motor  nerves  on  calorification,  tbe  central  nerrous  system  is 
stated  to  lioth  directly  and  reflex ly  govern  the  development  of  beat^ 
though  mucli  of  the  evidence  brought  forward  as  to  a  sjiecial  nervous 
meehunism  for  regulating  animal  heat  is  imperfect.     Experiments  have 
chiefly  been  directed   toward    locating  special  heat-centres  in  variooi 
parts  of  the  brain.     Ott  claims  that  there  are  four  localities  in  tbe  bnwa 
iri'itation  of  which  increases  bodily  temperature  by  from  2-2°  to  3,3^  C. 
These  heat-centres  are  said  to  be  located  as  follows:  L  Id  front  of  sod 
bencatli  the  corpus  striatum,     2.  Tlie   median  portion  of  the  corpon 
striata.    3.  Between  the  corpus  striatum  and  the  optic  thalamus.    4,  Tbe 
anterior  inner  end  of  the  optic  thalamus.     A  heat-centre  is  also  claimtd 
to  be  present  in  the  dog»  in  the  cortex  of  the  anterior  portion  of  iht 
tipper  surface  of  the  brain,  near  the   median  line,  the  locality  agretiog 
\fllh  that  of  the  motor  centres  of  the  hind  limbs,  and  for  the  moveineiitt  | 
of  flexion  and  rotation  of  the  fore  limbs.     According  to  Wood,  sectioa  j 
of  the  brain  between  the  pons  and  medulla  oblongata  causes  increased 
radiation  of  heat  and  diminislicd  heat  production,  due  to  the  cutting  of 
the  paths  of  communication  with  the  cerebml   he^t- regulating  centre 
There  seems  to  be  little  doubt  but  that  irritation  of  various  part*  of  tlit 
brain   does   load  to  modifications   in    the   heat-prod ueing  mecbsuiitBii 
of  the  bod3%  and  that  fibres  in  connection  with  these  centres  decassjitf 
in  the  medulla ;  but  as  to  whether  the  effects  produced  are  stinmUtinf 
or  inhil#itory,  wlieLher  they  act  tlirough  the  production  of  cbsuge  ifl 
circulation,  or  whetiier  they  directly  influence  the  chemical  operation* 
eoncemed  in  the  production  of  heat,  is  quite  unknown. 
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1.   The  Contractile  TissuEs,-=^It  was  stated  that  the  funi-tion  of 

Contractility  renrenetits  outjof  tbe  fundamental  propertit'S  of  protoplnHm, 

and  in  tlie  sinipkst  forms  of  life,  consisting  of  untlitTert-n tinted   i>roto- 

plasm,  as  in  the  structureless  amccba,  the  contractility  of  prottiplasra 

renders  locomotion  possible.     Tbe  first  attempt  at  localizrition  of  tliia 

function  of  contractility,  In  the  general  fipecialization  of  function  in  the 

development  of  the  animal  kingdom,  wan  noted  in  the  development  of 

protoplasmic  prolongations  of  cells,  so-called  cilia,  which  in  numerous 

infusoria  constitute  or^rans  of  iocomotion  ;  in  various  shell-fi^ih,  organii 

for  aiding  the  prehension  of  food  and  the  functions  of  respiration^  and  In 

the  higher  animals  for  producing  motion  of  particles  hrought  in  contact 

with  tiiem.     The  first  attempt,  therefore,  at  the  development  of  organs 

in  whitdi  the  function  of  contractility  is  specialized  i«  seen  in  the  develo[»- 

nient  of  vibratile  cilia.     In  a  step  higher  in  the  progress  of  specialization, 

contractility  reaches  its  highest  degree  in  the  muscnlar  tissue,  which  may 

r*e    regarded  as  a  mass  of  pTtjtoplasm  inclosed  within  a  cy lirnlrical  or 

P<>l^'gonal  cell.      In   the   higher  animals  each  of  these  three  different 

*^l>resentations  of  contractile  substances  are  met  with:  undiirerentinted 

Protoplasm,  as  fotind   in   the  lymph-corpuscles,  white  IjUhkI -corpuscles, 

^^tinectivc-tissue  corpuscles,  mucus-  and   pus^-ells ;  ciliated  cells,  lining 

'^"'trious  mucous  cavities  in  the  body  ;  and  muscular  tissues  of  the  striped 

^^d  nnstriped  varieties. 

The  characteristics  of  motion  as  occuning  in  undifferentiated  proto- 
plasm and  ciliated  cells  have  already  been  studied.  The  conditions  of 
Muscular  contractility  now  desen^e  attention.  In  muscular  tissae  the 
Contractile  suhstance  is  inclosed  in  a  tuliular  sheath,  constituting  a  mus- 
cular fibre.  Muscular  fll>rcs  mnj  he  either  striped  or  voluntary  fibres,  or 
Unstriped  or  involuntary  fibres.  The  striiM?d  or  voluntary  muscles,  which 
have  a  red  appearance,  constitute  the  great  mass  of  contractile  tissues 
of  the  body.  They  are  ordinaril3'  connected  with  the  hones,  and  are 
therefore  spoken  of  as  skeletal  muscles ;  their  contractions,  as  a  rule,  are 
under  the  control  of  the  will.  Each  muscle-flbre  is  more  or  less  cylin- 
elrical,  varies  in  length  from  one  one-hundredth  to  one  six-hundredth  of 
an  inch,  and  consists  of  the  sarcolemma,  an  elastic  sheath,  probably  of  the 
nature  of  connective   tisstte,  with  transverse   partitions  which   atretcli 
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across  the  fibre  at  regular  intervals  {membrane  of  Krause).  Within  this 
is  inclosed  the  sarcous  substance,  or  the  contractile  tissue  of  the  masco- 
lar  fibre^  which  is  a  broad »  highly  refractive,  doubly  refractive  diiik,  ind 
the  nuclei  or  muscle-corpuscles.  The  muscle-corpuscles  are  thus  within 
the  sareolemnm,  and  it  is  at  the  expense  of  their  protoplnsm  thftt 


A. 
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^^vertebrates,  with  the  exception  of  the  tissue  of  the  heart,  are  situated  on 
the  surface  of  the  muscular  substance,  but  in  invertebrates  tliey  are 
Tisuslly  found  in  the  central  part  of  tiie  fibres.  The  muscular  fibres  are 
United  in  bundles  by  connective  tissue  and  terminate  in  tendonsj  which 
^re  composed  of  connective-tissue  fibrillfQ. 

The  unstriped  nuiaenkr  fibres  are  composed  of  elongated  spindle- 
pli&ped  nucleated  cells,  which  are  contractile  in  one  direction.    These 
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cells  are  arrangetl  in  bundles  eonnecte<l  by  a  cement  subdtADoe ;  Uiej  U 
not  terminate  in  tendoiiB,  but  are  arranged  in  groups,  usuallj  in  llie  forin 
of  a  membrane  ;  such  muscular  fibres  are  found  in  tbe  wall»  of  the  ali- 
mentary canal,  in  the  walls  of  the  genito-tirinary  passages,  in  the  brundii^ 
and  in  various  other  localities. 

(a)  The  Chemical  Composition  of  Muscle, — Tbe  chemical  constr 
iieDts  found  in  muscles  differ  greatly  according  vls  the  exannnati4>n  ii 
made  on  fresh,  living  tissue,  or  after  Y\%<yv  mortis  has  set  in.  All  mtn 
cles  aller  death  lose  their  irritability,  and  pass  from  their  flexible,  irau! 
parent  condition  into  a  state  of  rigidity  and  opacity^  which  is  descril 
under  the  general  term  of  rigor  mortis,  Annloi 
may  be  traced  in  this  respect  l»etween  the  Ik 
and  dead  muscle  and  blood. 

Blood  in  tlie  process  of  eoafrulntion  pi 
the  proteid   fibrin  :  muscle,  in  the  act  of  il^'m^ 
produces  the  proteid  myosin. 

Before  taking  up  the  cbaracteristics  of  tbert 
bodies,  further  comparison  of  the  characteriftict 
of  living  and  dead  muscle  deserves  attention. 

In  tbe  first  place,  in  a  state  of  rest^  liTift^ 
muscle  has  an  alkaline  reaction ;  in  dead  moKlf. 
and  in  muscle  in  contniction,  the  reaction  isici«l, 
due  to  the  development  of  paralactic  acitl,  m  tpll 
as  acid  potassium  phosphate,  and  carbonic  !it?id. 
Living  muscle  is  to  a  certain  extent  tnr*- 
lucent,  extensible,  and  elastic ;  dead  miisci**  '< 
opaque  J  rigid,  inextensible,  and  baa  lost  \U  ^ 
ticity.  Tlic  main  ditference,  however, 
living  and  dead  muscle  is  found  in  thecoi 
of  myosin  in  the  latter.  If  a  living  im 
freed  from  blood  by  repeated  washing  »n»t 
tion  of  saline  solution  through  its  blood-vessels,  lie  then  frozen,  ctiopjJf^i 
up,  and  rubbed  up  in  a  mortar  with  four  times  its  weight  of  powJfrtJ 
ice,  containing  1  per  cent,  of  sodium  chloride,  a  mixture  is  ol^tAinw 
w^hich,  below  the  freezing  point,  is  sufbcieutly  fluid  to  Ix*  filtere<i.  Thii 
opalescent  filtrate  is  known  as  muscle-plasma,  and  remains  flniri  oolj 
while  kept  at  0°  C.  If  allowed  to  ho,  heated  above  this  j»oiDt  W^ 
graduiilly  transformed  into  a  solid  jelly,  which  subseqticntly  3jei»ra*<* 
into  a  clot  and  serum.  The  clot  is  myosin,  and  originates  in  the  *i« 
refractive  substance;  the  serum  contains  serum-albumen  and  yi 
extractives. 

If  a  muscle  which  has  already  passe<l  into  the  condition  of 
mortis  be  washed  with  water  so  as  to  remove  the  albumen  and  Us^ 
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ctlve  mattt^rs,  and  tlioti  be  extracted  with  10  per  ceiit>  boIu- 
ion  of  sodium  cldoride,  a  large  portion  of  the  muscular  tissue  wiJJ  l>e 
Lssolved  and  will  Ibrni  a  viscid  fluid.  If  this  fluid  l)e  allowed  to  fall 
r<>p  by  dn*p  into  distilled  water  a  florculent  [irecipitate  will  Ije  pro- 
ueed ;  this  preeipitatu  is  likewise  inyusin.  As  is  seeu  from  its  method 
r  preparation,  mj'osin  is  a  globuitn  which  is  soluble  in  strong  solution 
r  sodium  eldoride,  and  which  may  he  precijiitiited  therefrom  b}'  dilution 
ith  water.  Myosin,  like  other  j^lobulins,  may  be  coagulated  hy  heat, 
though  it  coafjulates  at  a  lower  temperature  than  does  senim-albumeu, 
s  point  of  coagulation  being  from  55'^  to  €0'^  C.  It  is  coagulated  by 
cohoi  and  may  be  precipitated  by  an  excess  of  sodium  chloride.  It  is 
irough  the  action  of  dilute  acids  coti verted  into  sj'ntonin,  or  acid  albu- 
en.  Myosin  is,  therefore,  the  result  of  coagulation  of  the  proteid  of 
uscle-phisraa. 

Ill  addition  to  myosin,  dead  muscle  contains  serumalbumen  and 
ions  extractive  matters,  and  hoiliea  lielonging  to  the  gelatin  group. 

In  living  muscle,  on  the  other  hand,  m^^osm  is  not  prf.sent,  but  some 
ibstances  or  substance  which  in  the  death  of  the  muscle  become  eon- 
erted  into  myosin,  just  as  the  fil»rin  tactors  present  in  living  blood  in 
le  act  of  coagulation  become  converted  into  fibrin. 

The  differences  already  alluded  to  between  living  and  dead  muscle 
re,  without  dottbt,  caused  by  the  appearance  of  myosin.  The  process 
►f  coagulation  of  muscle,  however,  is  not  directly  comparable  to  that  of 
he  coagulation  of  the  blood,  for,  while  in  the  latter  case  the  idkalinity  is 
preserved,  in  the  former  case  the  alkaline  reaction  of  living  muscle 
jlvcs  place  to  a  strongly  acid  reaction. 

Dr.  W.  D.  Halliburton  has  found  that  the  muscle-plasma  of  warm- 
blocKled  animals  is  a  yellowish,  viscid  fluid  of  alknline  reaction,  which 
remains  uncoaguhited  at  0-^  C,  and  at  the  temperature  of  the  air  sets 

El  jellydike  clot. on  the  subsc(pient  contraction  of  which  muscle-serum 
acid  reaction  is  squeezed  out- 
^t  was  found,  bowever,  that  cohl  is  not  the  only  agent  which  will 
mi  the  formation  of  myosin,  but  that,  as  in  the  case  of  the  blood, 
ions  of  certain  neutral  salts  will  act  similarly.  The  solutions  found 
*108t  convenient  to  use  were  a  10  per  cent,  solution  of  sodium  chloride, 
^  d  j)er  ceiit,  solution  of  magnesium  sulphate,  or  a  half-saturated  solution 
inm  sulphate.  The  salted  muscle-plasma  was  prepared  either  by 
ing  the  expressed  muscle-juice  into  excess  of  one  of  these  sohitions, 
!se  by  extracting  the  finely  diviiled  pieces  of  frozen  muscle  with  the 
,ion  in  question. 

L    further   resemblance   between   salted  muscle-plasma  and  salted 

-plasma  must  be  noticed,  namely,  that  on  dilution  of  the  mixture 

,u»cle-plasma  and  salt^solution  with  water  the  influence  of  the  latter 
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However,  so  striKiiig  as  to  suggest  tbat  tiie  caodo  imm^ 
ferment  in  both  enses.  The  theory  most  generally  ao4 
the  formAtion  of  filirin  is  that  it  is  the  result  of  a  feri 
previously  solulvle  proteid  of  the  globulin  elasa  ocoj 
plasma,  called  fibrinogen;  and  the  theory  Dr.  Hallij 
forward  Is  that  myot^in  is  also  the  result  of  a  feril 
previously  aoliible  globulin  occurring  in  a  muscte-pUisI 
proposes  the  name  inyosinogen.  This  ferment  can  1j 
muscle  in  the  same  way  as  Schmidt's  fibrin  ferment  j 
blood;  muscle  is  kept  for  some  months  under  aid 
extracted  with  water.  This  aqueous  extnict  contains 
on  adding  it  to  the  salted  muscle-plasma  coaguhition  tx 
quickly  than  if  water  alone  be  added.  Myosin  fermenj 
with  fibrin  lcrnieut,nM  itdufs  nut  bnsten  the  coagulatiqj 
plasma^  nor  docs  the  fibrin  termcut  hasten  the  congiij 
phisma.  The  aqueous  solution  of  the  ra^'osin  ferment  i 
of  a  proteid  of  the  albuniose  class,  and  especially  o] 
albtunose  to  which  Kuhiie  and  Chittemlen  have  given 
alburaose.  This  is  the  same  albumose  as  will  be  a] 
exist  norm  ally  in  the  muscle- pi  as  ma. 

The  pruteids  of  muscle-plasma  can  be  separal 
coagulation,  by  fractional  saturation  with  neutral 
occurrence  of  spontaneous  coagulation  and  the  separati 
into  clot  and  scrujn.  The  proteids  were  found  to  be  Urn 
names  Dr,  Halliburton  proposes  for  them  and  their  chi 
as  follow : — 

1*  Faramyosinagen. — This  forms  a  CEocculent  heat  e^ 
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2.  Mt/O9inogeih — Tliis   is   coagulated   by    heat  at  5G*^  0.,  and  tbe 
liiw  6o  formed  is  a  sticky  one.     It  is  precipitated  by  dialyzing  out 

salt  from  itn  solutions;  anil  it  is  alfiu  insoluble  in  magnesium  sulphate 
solutions  of  the  strength  of  00  to  9-1  jjer  eeut.  ami  in  saliiriited  solutions 
^f  sodium  ehloride»  Weak  acetic  acid  added  to  its  saline  solutions  gives 
f  characteristic  stringy  preciintate, 

3.  Mi/f>[ilobiiliti, — Tiiis  resembles  Berum-g:lobidiii  in  most  of  it*- 
properties.  It  is  coa«2^uhil^Ml  by  heat  at  63*^  C,  and  thus  dillers  from 
serum-globulin,  which  is  eoatrukted  at75°C  It  is  completely  preeipi- 
taled  by  saturating  its  sulutians  with  magnesium  sulphate,  sodium 
chloride,  or  by  diaiyzing  the  salts  out. 

4.  Albttmen.^'Ylim  apiK^vrs  to  be  identical  with  seruni-albomen, 
5-  Mtjo-albitmose.^-ThlH  is  not  precipitated  by  lieat,  by  copper  sul- 
phate, by  magnesium  sulphate^  ur  Hodiuin  chloride.     It  is  precipitated 
hv saturation  with  nmmoniiiUi  sulphate;  by  nitric  acid  in  the  cold*     The 
pa^eipltate  produced  by  nitric  acid  disjipjK'ars  on  heating  and  reappears 
on  cooling.     It  also  gives  the  biuret  reaction — thai  if?,  a  pink  color — 
with   copi»er   sulphate   and   caustic    pot^isb.      This    proteid   is*  closely 
associated  with  the  myosin  ferment- 
Peptones  and  alkali  albumen  do  not  occur  in  muscle-plasma. 
In  eoaguhitlon  of  the  must'ie-i>las!na  the  first  two  protei<ls  go  to  form 

tlie  clot,  and  the  three  hitter  remain  in  tbe  musclc-scrnm.  The  name 
f^orHmyosinogen  is  given  to  the  first  on  the  list,  bcc:^us4^  although  it 
t^jrnis  |»ftrt  of  the  clot,  it  seems  rather  to  lie  accidentally  carried  down 
^Imn  to  form  an  essential  imrt  of  the  myosin.  If  pure  solutions  of  para- 
^»tiyo8int>gen  an<l  myosiuogen  respectively  be  prepfired  and  feiTnent  added 
'^o  each,  in  the  former  no  coagulation  occurs,  but  in  the  latter  myosin  is 
Tormed-  Moreover^  |>aramyosinogen  is  somet  imes  absent,  or  only  present 
in  exceedingly  minute  f|nantities  in  the  muscle-] miasma. 

Saline  extrftcts  of  rigid  muscle,  or  of  muscle  from  winch  rigor  has 
passed  fitf,  differ  from  the  salted  muscle-plasma  in  lieing  of  an  acid  reac- 
tion, but  otherwise  very  closely  resemble  it.  Such  an  extract  contains 
the  SAme  five  proteid«,  and,  on  flilution,  myosin  separfttes  as  it  does  from 
muscle-plasma;  pure  myosin. also,  if  rcdissolved  in  a  10  per  cent  magne- 
iiiuui  sulphate  or  sodium  chloride  solution  can  similarly  Ix?  nmdc  to 
andergo  a  recoagulation  on  dilution  and  ad<lition  of  tiic  ferment.  More^ 
over,  this  recoagulation  resembles  in  all  particulars  the  coagulation  which 
takes  place  in  muscle-plasma  ;  it  is  first  a  jelly  ;  the  jelly  contracts, squcez* 
ing  out  a  colorless  fluid  ;  it  is  inhibited  hy  cold,  occurs  most  readily  at 
the  temperature  of  the  IxMly,  is  accompanied  by  the  formation  of  sarco- 
hctic  acid,  and  is  hastened  by  the  addition  of  myosin  ferment  In  this 
particular  we  have,  also,  an  important  difference  between  the  coagulation 
of  blot»d  and  of  muscle.     Fibrin  cannot  be  reconverted  into  fibrinogen  in 
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the  same  way  ns  myosin  cim  li€  converted  into  ni3*08ino^en,  wlncli  will 
again  coa^ilnte  with  the  formation  of  myomn.  The  ease  with  iiliicU 
myosin  van  tliiis  lie  made  to  clot  and  niielot  outside  the  hndy  m\*^\\l 
tteem  to  be  a  eonlirmation  of  Uerniann's  view  that  a  simitar  clotting  wM 
re-8olution  of  myosin  aceoin|janie9  the  contraction  and  ivlnxatioii  of 
iiiiHcle  during  life;  in  otlier  word«,  that  each  uontrnction  in  the  jwrtijil 
death  of  a  niiiscle-  We  must  rfnieniher  that  the  roost  important  si nji- 
laiity  between  rigor  mortis  and  contraction  is  the  formation  of  sarcoliwlie 
acid,  and  not  the  deveh^pnieut  of  a  clot  of  myosin  ;  in  fact,  as  a  luusck 
becomes  more  extensible  dtiririi^  contraction,  it  becomes  in  a  seiisM?  monir 
liquid,  not  more  solitl,  as  it  does  when  myosin  is  formed  jio&t-roorteiii. 

Dr.  Halliburton  further  suggests  that  the  passing  olfof  rigor  niorti# 
is  due  to  the  reconversion  of  myosin  into  myosinogen,  brought  idiout  Ijv 
the  pepsin  present  in  mnscle.  Fur  when  muscle  becomes  acid  in  rijror 
mortis  the  pepsin  which  it  contains  ts  enabled  to  act,  ami  at  the  saitabk 
temperfitiire  (35^-40*^  C.)  albumoses  and  peptones  ai-e  for«ie<l  hv  * 
process  of  self-digestion.  This  is  a  more  satisfactory  explanation  «f  IW 
ilisappearance  of  rigor  mortis  than  putrefaction,  for  rigor  mortis  octn- 
eionally  persists  after  jintrefaction  has  set  inland  at  other  times  di-'-nf^ 
pears  within  nn  hour  after  death. 

The  chemical  processes  continnally  occurring  in  living  muscle  n\^ 
undergo  change  on  the  (leath  of  the  muscle.  It  has  been  found  tbut  lit* 
ing  muscle  is  contiuindly  appropriating  oxygen  from  the  arli-rinl  Wwnl 
and  setting  free  carl>on  dioxidt?.  In  tlie  death  of  the  muscle  tbt  iil»^orT»* 
tion  of  oxygen  ceases,  while  tljc  exljalatiun  of  carbonic  acid  may  cuutinttc 
for  a  certain  time,  even  if  tlie  dead  muscle  be  placed  in  an  .itai(j«pi>e« 
free  from  oxygen  ;  it  is,  tberclbre,  evident  that  in  the  act  of  drsilli  iff^^ 
the  pro<iuction  of  rigor  mortis  some  cuniplex  ct>iup<iuii<l  i-.  -nlit  iji'a«£ 
carbon  dioxide  set  free. 

Lining  muscle  is,  then,  alkaline  and  contains  m  soliiUun  m  Uiesfl' 
stance  of  its  fibres  a  congulable  proteid  in  the  nuiscle^dasuia. 

Dead  muscle,  on  the  other  hand,  is  iicid  in  reaction  from  theilewl- 
opment  of  sarcolactie  acid,  and  the  coagnlable  plasma  has  beeoifii" c<«* 
verted  into  a  solid  myosin  in  muscle-serum.  When  muscles  nn*  »«^ 
jeeted  to  the  vacuum  of  a  mercurial  air-pump,  a  certain  amoaiil  of  g»** 
wliich  is  aliuost  solely  CO,,  is  extracted,  which  has  been  in  part  di^<»b<^ 
in  the  musrle-plasma  and  in  |>art  combined  with  its  salts.  ]n  inaw'J<'»'" 
which  rigor  mortis  has  not  tiiken  i>lace,  l2,74  volumes  per  cent  of  rfl| 
represent  the  free  gas,  1.^)5  per  cent,  the  fixed  gus.  If,  however, nf"*" 
mortis  he  produced,  then  15  vohimes  |jer  cent,  of  CO,  may  he  oUtai"***- 
Therefore,  in  rigor  mortis  a  large  n mount  of  CO»  becomes  free,  l>nt 
is  not  due  to  the  decomposition  of  carbonates  by  the  acid  foraml  i" 
same  process.     So  also  in  muscular  eontractions  tliens  Id  an  iacmf^^ 
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the  amount  of  COa  in  muscles  capable  of  withdrawal  by  the  air-pump 
amounting  to  12.08  per  cent,  by  volume  of  the  muscle.  The  other  con- 
iUtaents  of  the  muscle  are  represented  in  the  following  table  (Charles) : — 

Analyses  of  Muscle. 


COMFOMKNTS  IN  100  PARTS. 


Water 

Solids  coagulated, 

Albumen  (myosin,  etc.)  and  other 
derivatives,  sarcolemma,  vessels, 
nerves,  etc ,  insoluble  in  water. 
Sohible  albumens  or  albuminates : 

Hemoglobin, 

Fat, 

Gelatin, 

Kreaiin, 

Aak 


Mean  of 
Human 
Muscle. 


73.50 
26.50 


1.84 
3.27 
1.1)9 
0  22 
3.12 


Mean  of 
M  iitH;le 

Of  Mam- 
mate. 


72.87 
27.13 


2.17 
3.71 
3.16 

ai8 

1.14 


Muficle 

of 
Birds. 


73.00 
27.00 


8.13 
1.94 
1.40 
033 
1.30 


MuKle 
of  Fish. 


74.08 


3.61 
4.59 
4.34 

i.49 


Muscle 

of 
Frogs. 


80.43 
19.57 


1.86 
0.10 
2.48 
0.28 


The  constituents  of  muscle  are,  therefore,  nitrogenous,  non-nitroge- 
Hous,  and  inorganic.  Under  the  former  group  occur  myosin,  alkali 
albuminate,  and  serum-albumen,  with  extractives  such  as  kreatin,  sarkosin, 
«arkin,  xanthin,  and  camin. 

Of  the  non-nitrogenous  bodies,  inosite,  fat,  and  glycogen  are  the  most 
Important,  while  phosphoric  acid,  potassium,  sodium,  magnesium,  and 
lime  are  the  principal  inorganic  constituents. 

(6)  Muscular  Irritability. — The  principal  physiological  difference 
\)etween  living  and  dead  muscle  is  that  the  former,  under  the  action  of 
various  stimuli,  is  thrown  into  contraction.  This  property  of  contraction 
results  from  what  is  termed  irritability  of  the  muscle. 

If  the  spinal  cord  and  brain  of  a  frog  be  destroyed  the  animal  remains 
perfectly  passive,  without  any  contraction  occurring  in  any  of  its  muscles. 
If,  however,  an}^  stimulus,  mechanical,  electrical,  or  thermal,  l)e  applied  to 
its  muscles  they  at  once  sliorten,  and  it  is  onl}'  on  the  onset  of  rigor 
mortis  that  this  power  disappears.  If  the  stimulus  be  applied  to  a  motor 
nerve-trunk  a  similar  state  of  contraction  is  produced. 

In  the  destruction  of  the  central  nervous  system  the  peripheral 
nerve-branches  have,  of  course,  not  been  desti'oyed,  and  3'et  the  contrac- 
tility of  muscle  is  not  dei)endent  upon  the  stimulation  of  nerve-fibres 
distributed  to  it,  for  muscle,  like  other  forms  of  protoplasm,  possesses 
an  independent  excitability.  This  may  Ikj  demonstrated  by  a  number  of 
different  methods.  In  the  first  place,  various  chemical  stimuli,  such  as 
ammonia,  lime-water,  etc.,  do  not  produce  muscular  contraction  when 
applied  to  motor  nerves,  but  do  evoke  contraction  when  directly  applied 
to  muscle.     Again,  in  various  muscles  it  is  impossible  to  recognize  the 


710 


PHYSIOLOGY  OF  THE  DOMESTIC  ANIMALS. 


presence  of  nerve-filamt»nts,  as  in  the  extremes  of  the  sartonoi  mascleof 
the  frog»  and  jet  in  them  stimulation  applied  direutly  to  »  muscle  pfo»| 
duces  (.-on traction.     Tlie  most  eonelus^ive  evidence,  however,  of  theinde 
}>cndent  irritability  of  mnsicles  La  found  through  the  use  of  the  [k»^ 
curare. 

This  substance,  a  South  American  arrow-poison,  possesses  tbe  flof!! 
erty  of  entirely  paralyzing  the  terminal  tilaments  of  the  motor  ncnca.1 
If  an  animal,  such  as  tlie  frog,  he  poisoned  with  this  drug,  stimtiU  ap 
l>lied  to  the  motor  nerves  will  be  entirely  incapable  of  i>roducing  muscuk 
coutnxction.     The  same  titimuUis,  however,  applied  directly  to  the  mufch 
still  produces  a  diaracteristic  normal  contraction,     Tliis  poison  aet^.nu^l 
on  the  nerve-truiikH,  but  on  the  inLra-museular  terminations  of  the  ner^e^, 
This  fact  may  be  demonstrated  by  lijj:ating  the  sciatic  arter)*  in  one  bind 
leg  of  the  frog  and   iujectiug  curare  into  the  dorsal  lymph-sac.    Tbe 
poisoned  blood  will  then,  of  course,  circulate  in  every  part  of  the  Uxiy 
with  the  exception  of  the  limb  in  which  the  circulation  has  been  arfe*!*^!.] 
If  a  stimulus  be  then  applied  to  the  sciatic  nerve  of  the  nonpoijooed  I 
limb  it  w^ill  still  succeetl  in  calling  forth  a  contraction,  even  althuri^llitj 
sciatic  trunk  has  been  exposed  to  the  action  of  eurare.    Stiiaiilatiouaf  j 
the  sciatic,  on  the  other  Iniml,  in  the  limb  in  which  the  circnUlicrti  hi^l 
been  maintained,  and  in  which,  of  course,  the  poison  has  bad  aree8#l»^ 
the  nervc-fi laments  produces  no  contraction,  while  local  stimaUtic/s  oT 
the  muscle  does. 

Mnseuhir  contraction  may  be  produceil  by  various  stimuli  9^t^H 
either  indirectl3"  upon  the  muscle  through  its  motor  nerre^  or  tjim'tlv 
by  beinn;^  inimediately  ajiplied  to  the  muscle  suljstanee. 

Muscular  stimuli  may  be  citiier  cliemical,  thermal,  nieeliAnica).  ^f 
electrical  All  chemical  substances,  sncli  as  acids  and  various  meVilhc 
salts*  which  alter  the  composition  of  muscle  are  muscolar  stimM^'- 
Variations  of  temperature  also  jiroduce  muscular  oontmction,  TliW"**'' 
an  excised  fix)g'8  muscle  be  heated  rapidly  to  about  28^  C,  eoutnctu'* 
commences  and  reaches  its  maxinHjni  at45*^C.  If  the  temperntare  ^' 
raised  above  tliis  point  the  muscle  pjvSBCs  into  a  condition  of  b<?M-ri^r» 
due  to  the  coaguhition  of  the  (iroteids  of  muscle.  Sudden 
stimuli,  whether  applied  directly  to  the  muscle  or  indirectly  to  tlw« 
if  repeated  with  sufllcient  rapidity,  also  produce  contraction  of  miu^' 
Strottg  local  irritation,  as  by  a  blow,  produces  a  long-<K>ntinuH)t  «<** 
like  contractiiui  of  the  part  stimulated. 

(c)  The  Pheimmenaof  Musetdar  GoniracHon. — Musenlnrcontwrtii* 
consists  in  the  shortening  of  niiiscle-fibres  in  the  direction  of  tiwit  l«*t 
axes,  with  a  proportionate  and  simultaneous  increase  in  their  trin»v<f« 
diameter.  Such  a  contraction  is  accompanied  hy  a  number  of  i)l»Mionw?U» 
of  which  the  most  evident  is  the  change  in  form. 
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When  ft  sinti[l€  induction  shock  is  allowed  to  pass  throygli  tbe  motor 
nen-e  of  a  muscle,  tlie  muscle  at  once  gives  a  single  short  eontmction. 
The  piienomena  of  such  a  muscular  contrnetion  may  be  best  etudied  on 


T,  loM^AT  ihitd  of  fkmur;  S,  luiAUc  nsrr*;  I,  tcudun  of  gastit)«Gii«nla«  mutvlv. 

the  gastrocneraius  muscle  of  the  frog.  Tarious  contrivances  hare  be^n 
fieviscd  for  crmphically  representing  the  residts  of  the  mtiscular 
coiitraction.  The  simplest  method  is  to  support  the  knee-joint  of 
a  Irog's  leg  in  a  clamps  conneeting  the  tendon  of  the  gastrocnemius  by 


Fro.  27«.— ARRAjrOltHJCNT*  OW  AVVAJLATVH  TK  CONUUCTDiO  EXPKBrMKNTS  OH 

.Nkrvk  a  Sly  Mrsci^B.     (SHriing.} 

B,  ir»W«»if  hutteir:  K,  ctectrie  Jwrf  Ha  fyrim&TT  otroiiU  :  P,  prinuwr  wil  nf  iniiwstiwii  machln«; 
S,  Meiivtl&rr  ts^]  <if  iannrtfnq  mftc)iiii«  frnin  whtcrH  th*  vorrortt  iii  i?(>ndiii't4*ri,  vrh^a  the  k«,r,  K^  ti  a(ioa.  to 
tiM  «t»rtroie.  F..  on  Tfihifh  rvMn  thu  ntirrft,  m  :  tb«  hihacIa.  M.  i«  iu|>|rirte<i  hy  u.  i-j«iiip,  tiiulBraglMaisaluid*, 
lU  IfiBjiii,  hetnic  cnnnwted  hr  r  thinwl  with  a  l«v«r;,  L.  writing^  on  the  vcntiknl  ftnrr»c«  of  b  rtvolring 
dnm.  Thii  tkine-iuArk«r,  T?ul,  in  incln<1«<)  in  the  priim&ry  ctrrait,  ao  tlut  when  th*  eamotfiMMalliraqgk 
*  P^  br  «fi«knjr  tlus  kan, .  K.  It  abet  trsv«ncH  the  elprtrT^-iniiirnet  nf  th«  ticae-diArker  and  eajoam  a  raotund  «f 
ib«  la«tant  of  ctjninlntinu  to  be  made  oa  tb«  snrfnoa  nf  the  drum.  S,  vUnd  jra{it»rtlag  melat  ehambttr; 
W,  w«if  ht  b]r  vhieb  uojbI*  in  eJibondtrd,  ■.nd  which  Ui  Mfled  in  ib«  ccmtnu.-ti0a. 

means  of  a  thread  to  a  lever,  which  records  its  movements  on  a  rapidly 
moving  surfiiee.  If  a  single  induction  shock  is  then  passed  through  the 
sciatic  nerve  or  directly  applied  to  the  muscle  the  so-called  muscle 
curve  will  be  obtained  (Figs,  275  and  276). 


curve  (as  produeed  bj  the  pendulum  mjograph,  Fig.  27t) 
spreseiited  in  Fig,  278.  To  study  the  cUamcteristics  of  sueU  n  curve 
ore  fully  certain  additioniil  appjirutus  is  necessary.  In  the  first  place, 
is  necessary  to  know  the  rate  of  motion  of  the  recording  surface, 
tiis  may  \m  accomplished  by  means  of  a  recording  tuuing-fork  writing 
I  the  traveling  surface.  It  is  further  necessary  to  indicate  the  instant 
;  which  the  nerve  or  muscle  receives  tlic  stimolus.  This  may  l>c  done 
Y  inchiding  an  electro-magnet  writing  on  the  traveling  surface  iii  the 
Qtrent  through  which  the  stimulus  to  the  muscle  passes.  If  the  curve 
e  examined,  it  will  be  noticed  that  the  muscle  does  nut  commence  to 
horteu  instauUineously  with  the  entrance  of  the  stimulus  into  the  nerve, 
'lit  :ui  ap}»reciablc  interval  elapses  after  the  application  of  the  stimulus 
•eforc  contraction  commences.  This  interval  is  termed  the  latent  period, 
*id  m  usually  about  one-seventieth  part  of  a  second.  The  duration  of 
liektent  period  will  depend  upon  the  distance  through  which  the  stimulua 


Fig.  279.— Musclk  Cubvb  Obtainkb  by  mkans  of  the  Pknih  lcm   Myo- 

GRAFH.      {FtMVlt-r.l 

fTo  U  nwid  from  left  Ut  rlffht) 

o  in^Umim  tht  momaiit  ut  wfaicb  the  imliict^r^n  »luick  J!*  vont  itiUt  tb«  nerr« :  h,  tha  <NimtnM]oemMil ;  i% 

tht  Biaxitnain ;  mud  4,  Ubt  «kkM  nf  th«  oiii4>tra«tii>n.     Th«  (wr»  tmAllier  C!iinr««  nn  iU%v  Ui  im?iilliiluin«  of  ltt# 

Iftcr,     Betuw  the  miuek  earr*  ii  th«furv«  drawn  hj  h  tuuing-frirh,  mnkLniE  (^m-  huudrwl  jibd  eightjr 

AifulAm  vi\tnitifitk»  a.  SMMod,  ueh  oompkCe  cnrve.  thvr«ft»re«  rtrr''««<^Q^iie  ]A>^i  of  n  MK«>ud. 

ft«  to  pass  through  the  nerve  before  entering  the  muscle.  If  the  elec- 
f^les  be  moved  along  the  sciatic  nerve  farther  from  the  muscle,  the 
^tent  period  will  be  increased.  If  movctl  down  closL»r  to  the  muscle, 
1^  applied  directlj^  upon  tlie  muscle,  although  not  absent,  the  duration 
f  the  latent  period  will  be  greatly  reduced  (Fig.  279),  It  is,  therefore, 
I'ident  that  while  part  of  the  latent  jieriod  is  consumed  in  the  eonduc- 
On  of  the  stimulus  througli  the  nerve,  3'et  a  considerable  fraction  of 
is  taken  up  in  changes  in  the  muscle  itself  which  precede  active  con- 
action,  and  this  process  occupies  the  greater  portion  of  the  latent 
&Hod. 

When  the  stimulus  or  induction  shock  is  applied  to  the  nerve 
ie  lateiit  period  is  partly  dne,  in  t!ie  first  plaee^  to  tije  inxNluctitni 
fa  nerve  impulse  in  the  nerve;  and,  second »  the  progression  of  that 
Impulse  through  the  nerve  to  the  muscle;  and, third,  the  changes  already 
lltuled  to  which  occur  in  the  muscle  itself* 
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In  the  second  case  the  rate  of  trans  mission  of  the  nerve  impulse  It&i 
been  placed  about  twenty-eight  meters  per  second.  After  the  Utent 
period  hus  l^een  completed  the  rauselo  then  commences  to  shorten,  at  fir*t 
slowly  and  then  more  rapidly,  and  then  again  more  slowly  until  I  lie 
iDaximnm  simrtening  is  reached,  the  duration  of  active  contraction  oc<;u- 
pying  about  the  one-twentieth  part  of  a  second.     As  soon  as  the  uiaii- 


^   «« 


"  "  ^*^^^^<^^<>^>^>*S^>^*^^>rfMl*MVWMO^y*<i><^tfl#^M*' 
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FC0. 279,— Diagrammatic  Curves  iLi^trsniATixo  tub  MRABir&EMJCsrroFTHB 

Velocity  ok  a  Nervous  Ixkui^k.    {Fo9ier,) 

(To  1>«  rati  ftvok  1«A  to  right.  \ 

Th«  aiimc  n«rr«'iniiM9l*  pntpamtiijtk  ii  •timulu«4  (H  m  fkr  u  poaftl*  from  th*  Bvael*^  iS)  mmarm 
f«nuU>]«  u%  ttiv  tnoMl*,  hoih  ouBtmetkini  Wioir  rttftvured  In  lb*  mibw  BSBBaroB  tli*  |M«i«l«»  nrapilik 

In  1 1 »  Oie  tiimilQf  intan  tliw  ii«rv«  oA  the  t4in«  \wA<aUA  br  tti«  Hoa,  n  ;  Uui  coatriffthMi.  ili«««l|f  Iki 
4ott«<l  lln«,  h«;]ai  ftt  h* ;  thfl  wbol*  IttMiHt  |>arlnc}  U,  iburafnr*,  in^ieatod  bj  tte«  dwUn<^  fr^a.  .1  b>  t-f. 

In  iVIf  tin  ttJTOuliu  nUo  »Qt«ni  tbt  norv*  ttt  n,  th«  ^xintriMtioii  begin*  H  A,  •«!  1  ■  '^»  ••• 

broken  liiia;  the  Uurnl  i^feriod^  therefom.  U  indicMtrd  \*\  th«  (tl«Uiic«  flrwa  u  b»  It.  n  «p(a 

thfl  (^uiftc*  '*f  i'm»  norre  imrKiiM  tn  tb*  Iwufrth  ^*t  nnrvV  Ii9tw«en  I  nmt  3  li  fndieit^  *b»W 

tt»««n  A  and  &^  and  mnj  b«  m«Murftd  bi  tbo  tuniUjg-fork  carre  b»ldW,  Tb«  ^uia.ii<«  <^n^«*a  !!■• 
ct>rv«*  \m  B&ikgg»mi«d  for  tb«  Ak«  at  ciJoptioUj,  Dw  vnlue  Imag  glvea  fbr  tbn  tsfit  ■!  ribfniMi  ii  itm 
tuainji-fork. 

mnm  contraction  is  reached  relaxation  commences,  following  the  « 
j^enend  course  as  in  simrtening,  relax infj  first  slowly  then  more  rapidlr, 
and  then  more  slowly  again,  tlie  general  duration  of  the  active  n^lnxatioa 
being  somewhat  longer  than  that  of  contraction.  Such  are  the  g<?neal 
clianictcristics  of  the  curve  of  a  single  muscular  contraction  producoi 
by  a  single  j^timulns. 

If  a  single  stimulus  be  allowed  to  follow  the  first  it  will  he  foUoM 


Fio.  290,— ^Traclno  of  a  DorBLE  MrscLK  Ccrvk.    {Fmt^.} 

(To  be  rvAd  fniai  left  to  rlfi^bl.! 
WhH«  th«  muKle  wan  *nraR:*d  is  the  Aral  ointr&ctioB  <'whoM  eoiii|>l«ti  «aun«^ bid  nAtblif  li 
tl  ladicntod  hj  Ibe  lower  Hoe  in  the  taii*ii1  e-cnrrn )  a  lerand  iltdaeUott  nbdok  mmk  tfanma  In  ■4fk^*»* 
lli*t tiw Mcund  coatravlion  b»«ait  juat  ■■  the  tint  wm  b«iglniUas  ^  dwltai.    Tlw wmmmA  «m« linMi)* 
■tut  froB  tbe  liret,  itik  lions  thn  flnt  fruia  tNa  iMun  tlnn. 

like  the  first,  by  a  single  muscular  contraction.  If  the  interval  M^^ 
the  second  and  first  muscular  contraction  be  gradually  redwectl/ai>«^'^'* 
will  ultimately  be  reached  in  whicli  the  second  stimulus  enters  tiieiitnv 
before  the  contraction  produced  by  the  first  has  passetl  off.  Th«f  i 
will  be  that  the  muscle  will  undergo  a  second  shortening,  and  sue 
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pmuTe  Trill  be  produced  as  is  represented  l»v  Fig.  279.  The  two  con- 
tnii'tiouK  are  thus  added  together  uiid  the  total  shorteiiiiig  miiy  be  iieiirly 
double  that  produced  by  a  single  eoutnictioti  (Fig;.  2^0), 

ir  a  third  stimulus  is  then  allowed  to  pass  into  the  nerve  before  the 
second  contraction  has  passed  o\\\  a  third  con  tract  ion  will  Ite  addeti  to 
tlie  secontl,  and  so  on  in  the  case  of  the  fuinth,  fifth,  or  more.  It  will 
k,  however,  Hutieed  that  while  the  second  eontrattion  mny  be  nearly  or 
quite  its  extensive  as  the  first,  the  third  and  fonrth  progressively  decrease 
ill  extent,  until  fmaily  simply  a  Itrokeii  line  without  miy  extensive  increase 
ja  coutnietion  will  iudieate  the  entrance  of  the  sepanite  stimuli,  tho 
stinmli  merely  serving  to  keep  ui)  the  cfHitraction  already  iirodueed. 

When  the  stimulation  ceases  the  muscle  then  rapidly  passes  into  a 
condition  of  rest,  relaxation  occurring  very  rapidly. 


^-^    ^   ^>   t    >   I     ^   .>*■**.■»*     i    *    JL^    ^    ^   ■»>.-.-.  ^^  I 


-m^ 


Fiti.  28L— Ml^hclk  Thkowx  intoTktasiUB  when  the  Fbjmary  CrnHENT  of 

A>'  lyiJUCTION   Ma  THINE   IS  R&FKATEI>I.V   BK0K£N  AT  ISTERVAI^  OF  8lX- 
TEltN  IS  A  BfiCONU.     iFbaler,} 

{To  Im  vmA  frnof  lift  vn  rlglit.) 

Tbe  nnpor  Un«  (■  th*t  diwrr{b«d  hy  tha  nniet*,    Tha  1o«rtr  nwrka  time,  th»  1nt«nrftlt  bctVHift  the  *t«> 

L^TRtiou  iftdlcstinit  necrindA,    Th«  f  iit«nn«df nte  Hit*  tbowi  wh««  tb«  vhu^du  wtre  mdI  la,  meh  mark  «cirreK 

l.tf  indknf  I'i  a  ihwk.    Tlie  lever,  which  deti^ribwi  •  •tnif  bl^  lin«  befnns  the  thoeki  mm  ftllavw)  to  (a\\  inUt 

I^IIm  »«nr»,  riM*  ftliwMt  t«KicAlly  (thu  rerc^nlin^  Aurf»c«  budvI^k  alowljr) ««  iuHt  a#  tli*  0rft  ibcirli  tfntert  th* 

rtm  si  If.     Havtiif  riMn  (d  a  oortain  hi<iirht  it  l)*i|(liLi  to  CftJI  Agftin,  bcit  In  Ita  PaU  la  nit««d  imvo  irn>r*  by 

■  Mevnd  ihoelt.  aM  ibmt  to  m  irrMtor  l]«<vht  ihiin  btfont.     Tli«  third  Mid  iumwrtinK  ihiicka  h^ve  aiinilfrr 

U,  Ilia  BKiela  oontinBlKf  to  lieioimR  i^liMrtKr.  thmifh  tlM  ■tK^rficntaft  at  «Ach  thoek   it  I  cm.     Afl«r  & 

•  iJm  IncrMM  la  ibm  tataTflhoftaniux  «(  tha  latucla,  thoav h  tha  Indlvidaal  Fontr»<!ti<inn  An  atill  rliritlA, 

tfiBoat  etasm.    At  h  th«shooki  naaan  to  pa  aaat  iato  the  laiiaela,  tha  eimtraetkmi  Almuat  Imin^iiAtelr  iJIkap- 

i'iaar.  and  tha  la?ar  fortkvltfa  BonuaaaBaa  to  daaoaaiL    Tha  Baada  baiac  oalj  alfchtly  luAdad,^  the  relaxa- 

lioa  la  Tary  ilow. 

When  the  separate  stimuli  do  not  follow  each  other  more  rapidly 
than  sixteen  in  a  second,  the  contraction  protlnced  by  one  stimuhis  has 
bad  time  to  undergo  partial  relaxation  l>efore  the  following  stimulus 
enters ;  as  a  consequence,  tbe  jioint  of  the  lever  tmcea  a  broken  Line  on 
tbe  traveling  surface  (Fig.  281). 

If,  however,  the  stimuli  follow  each  other  more  rapidly  than  this, an 
lipparently  constant  shortening  is  produced,  in  which  wo  variation  whnt- 
'ever  in  length  can  be  made  out.  The  gradual  prodnction  of  this  state 
of  affairs  indicates  that  this  appareutiy  constant  and  uniform  contraction 
is,  nevertheless,  made  up  of  a  large  number  of  individual  contractions 
added  to  each  other.     Such  a  condition  ia  spoken  of  as  tetanus,  and  the 
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curve  produced  m  sucU  a  tetanic  muscular  contraction  is  rcpresenkd  in 

Tetanic  coutnitition  requlrea  for  ita  production  at  least  a  gwUr 
number  than  sUteeu  stimuli  per  second,  It  mtiy  thus  be  most  rttiilily 
produced  by  the  employ  in  t^ut  of  a  rapidly  intinTupted  iuduetion  eum-iiL 

Tetatina  may,  however,  also  lie  produced  hy  met*hauical  tjUJindatioD, 
provliltMl  tlit^  impulses  »uoceed  each  other  with  suUlcicut  rnpidity*  Intb* 
caae  of  cheuiioal  atimulation  UjUuus  is  tht*  ordinary  cxprc^sJiou  of  mtjs*. 
cular  can  traction. 

It  ift  thus  evideut  tliat  the  tetanic  contracLion  h  oompofted  of  sBeriei 
at  vilmitions  of  the  mustiuhir  flbri%  and,  as  wuuld  l*e  fixjiected  frum  tlito 
sUiteuRHit,  is  iiecompauii.Hi  by  the  productiou  of  a  musiLuU  mit^stlit*  pilcl 
of  the  n<ite  (h^pendiug  upon  the  nuuiiw^'r  uf  vibrations  uf  I  Ik*  irnmnltr 
iihre.  Wljcrevt^r  the  muscle  is  artiflciany  tlirown  into  ti^Unus,  as  hyik 
action  uf  au  intt*rnipted  iuduciHl  current,  the  numb**r  of  vibratimii, 
of  conrsCf  corresponds  to  the  number  of  cuntractionsj  tlieac  depeafiiwf^ 


yi0.3S2.— TtrrANt  H  rHonrrun  wtTft  thr  ORnrwAiiTMAawimclSTffiHtrrTKi 

OF  AM  LNl>l?CTmN  MACJUNK,  TIIK  Hi^t  i>KIJlJJ<J   ^irHF At  K  MOVIJtO  SU*WLT, 

(To  bv  Hmd  trrtm  \ma  to  rtgliL) 
Tli«  hnt<i»rru|ib!M];  cTirr^qt  l«iTi|f  lhii<Kn  Id  frt  <i„  Lha  \tsttT  rtiSt  ™jii4lTr  b»Jl  »t  fr  the  mnmltfrmt^  *** 


npon  tlie  aumla'r  of  interruptions  of  tho  current,  and,  as  a  conse<pieti!t. 
the  uuniher  of  vibrations  of  the  muscle  anrl  the  corresponding  nok  J^tw- 
dueed  have  a  piteli  whieli  corrusponds  in  vibration  to  these  data. 

When  the  ear  i^  placed  over  a  muscle  wliich  is  thrown  iaio  et)iitrsr- 
tiou  by  menus  of  tlie  will  a  musical  tone  is  likewisie  a[iprcciau-fl-  TU^ 
serves  to  iudicati*  fiiat  even  in  a  single  sharp  contraction  of  &  mow^ 
thrtiu^h  tlie  actiuu  of  the  will,  that  apparent  single  contraction  i»  o***** 
up  of  a  uuinherof  contractions,  and  every  aingle  muscular  aiovvmcaS 
of  tlic  animal  body  is,  tlicrefore,  of  the  nature  of  a  tetaJins. 

The  musical  note  heard  indicates  that  the  rate  of  vibrational** 
per  second. 

We  nmy  now  studv  the  changes  which  occur  in  contraeting  mu*^'^ 
in  somewhat  more  detail.  The  most  obvious  is,  of  course,  the  change «' 
form,  Such  a  change  of  form  is  represented  by  a  decrease  in  tbe  W 
axis?  of  a  muscle,  the  sliorteniug,  perhaps  amounting^  to  thr^-fiftK*^^*^ 
leagth  of  thti  muscle,  with  a  corresponding  m^reaso  in  the  cross  diaa^- 


h  fart  mny  ha  cleiinmsTralrd  liy  connecting  tliesHiilif  nerve  of  a  truth's  leg 

ie  polep  of  an  InduciUm  niaclirnc  utid  (ben  ]iliu:in^  rlie  le^i  In  a  iHiftle  filled 

dilute  saline  solution,  in  the  flto]>p(ir  of  which  is  Inserted  a  cnpillfiry  tube. 

llioiild  be  Tiikcn  Tliuf  nr»  air-huhhlcs  arc  jiri'&pnl  In  the  bottle,  thai  ihe  bottle 

and  that  the  fluid  use-ends  np  a  c<Ttnin  diHtance  in  live  nipllbiry  tube.     If 

m  Uien  thrown  into  contniclion  by  passing  a  current  tlirougU  tbe  wires. 
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the  level  of  the  fluid  in  the  cjipillary  tuhc  will  remain  ftlinost  con-nijuil.  ihui  ^Mi- 
eating  an  aliscnce  of  chanjje  in  the  huik  of  muscle*,  for  n  decreast?  wouhi  of  coun»f, 
be  indicated  hy  ti  tail  of  fluid,  and  increase  of  hulk  wouJd  raise  the  tluid  m  tUt 
capillary  ruhe.  By  extremely  accurate  measure  mi:  n  is  a  glii^ht  actual  thcrrAM'  m 
volume  may  he  made  out.  1hus»  Valeotiue  has  determined  that  a  mu^lc  wiili* 
vohmie  of  two  thousand  seven  hundred  and  ?ix  cubic  ceniimcicr&  in  cuntiiidioii 
in  tetanus  is  reduced  to  two  thousand  seven  hundred  and  four  cuhir  r*  utiiacy 
while  its  specific  gravity  increases  from  1001  lo  1003. 

When  a  muscle  is  thrown  into  contmction^  it  does  not  occur 
ultaneously  in  nil  the  musicle-fibreft.  If  ii  muscle-fil>re  be  plaeeti  imder 
inicro8coj)e  ami  tht^a  thrown  into  coutmction  a  wave  of  undulation  n»X 
be  seen  to  be  rapidly  propagated  from  one  end  of  the  fll»n?  to  tlic  other. 
This  wave  is  especially  sensible  if  the  muscular  fibre  is  fixed  at  each 
extremity.  If  a  lon«j  mtiscle,  such  as  the  sartorius  of  the  frog,  liave 
its  motor  uerve-filaments  paralyzed  by  curare,  and  the  mu?*cle  ttifti 
thrown  into  contraction  liy  stimulating  one  extremity  with  an  iiiductitm 
current,  the  wave  of  contraction  travels  bo  slowly  as  almost  to  be 
capable   of  being   seen   by  the   eye.      If  such  a  muscle  he  supitorteti 


i 


no,    284.— CtJRVB     rLI*rBTRATn*0     TUB     PnOPAOATIOTff     OP     THK    WaVI    OT 

The  lower  of  the  twA  vtr^^lit  1Iq»»  rvprvfintt  tli«  pciint  nf  Ui»  !«▼«?  rwliitf  nn  xh*  invert*  mba*  tb 
paint  riF  •tfmBl«lii>it.  IT  the  time  bet«i^.n  th«  m»invat  of  oominericin^  eontMhrtioit  &i  chid  «f«e  Abl  ihm  4 
eoinni«D(rlk|ir  mmtrtotjiin  at  lli«  cpiit  ne  w  hich  %hm  avwrnd  1«<»er  m*ta  Ih>  |p«««uf«l  bv  gwKaliaf  lWi4««»^ 
Udiia  of  tbe  tiiniaf-ft>rk,  the  rmte  of  |wrof  niMioa  gf  tlM  MvAraebba  mmy  N  iltitiii  uiirtii, 

horizontally  and  two  I i girt  levers  be  pUi^  at  a  distance  fVom  eac-b  othef 
bearing  on  the  muscle  anil  writing  over  each  other  on  a  n*cording  »«r* 
face  (Fig.  38^),  if  the  muscle  be  then  thrown  into  contraction  by  dif«t 
Btimulation  the  levers  will  not  be  elevated  simultaneously,  but  a  cnn' 
similar  to  that  represented  in  Fig.  284  will  be  pr<xliiee<l.  By  jnc*>or- 
ing  the  distance  lictwecn  the  commencement  of  the^e  two  oonlmett"** 
and  knowing  the  rate  of  movement  of  the  recording  snrfncejhe  ril«  i 
of  progression  of  the  wave  may  lie  ealcnlated.  If,  instead  of  stimulaliRg 
the  muscle,  the  nerve  (in  such  an  experiment)  be  stimulated,  if  nncoiil* 
have  lieen  given  both  levers  will  be  simnltaneously  elevatrd. 

According  to  Bernstein »  the  rate  of  progression  in  the  ma^rleiof 
cold-blooded  animals  of  the  wave  of  contraction  is  about  two  to  tJiiw 
meters  per  second,  Its  rate  of  progression  is  much  more  rapi<l  tctk 
case  of  warm-blooded  animals. 
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The  Irritability  of  muscle  is  subject  to  great  variation,  and  a  siugle 

^ritant  is,  umltr  ditferent  eirciimfdanccs,  Cfipable  of  prmlnrhig  d liferent 

suits.     lu  ftu  cxciBed  mu»cle  the  irritability  rapidly  disappears,  although 

It  persists  much  longer  in  the  muscles  oT  cold*blooded  animals  than  in 

■wftrm-blooded.      In   the    latter   case    tlie   irritability   of    warni-blooded 

[muscles  may  be  somewliat  prolonged  if  the  animal  be  artificially  cooled 

before  death. 

Tefnijcmttire  is  of  great  influence  on  the  irritability  of  muscle,  both 
«n  increase  or  decrease  above  the  noruial  temperature  of  tbe  mnsele  being 
followed  by  a  decrease  in  irritability.     Ag^ain^  through  repeated  contrac- 
tion the  muscle  loses  its  power  of  being  thrown 
into  contraction ;  it  is  tlien  said  to  l>e  in  a  con- 
dition of  fatigue,  due  either  to  the  insnfflcieut 
supply  of  nutritive  snbstanees  or  to  the  accumu- 
lation of  tbe  products  of  decomixisition,  wliieii, 
fts  has  been  exijcrimentall}'  demonstratiHl,  pto- 
ihice   a  hurtful   action  upon  the   musclc-liljres. 
In   all   probability   both   of  these   factors   are 
concerned  in  fatigue. 

When  a  contracting   muscle   is  examined 

miller    the    microscope     marked     clmnges    in 

structure  may  be  made  out.     If  a  living  mns- 

citlar  fibre  of  an  insect,  for  example,  which  is 

especially  fitted    for  such  stndy,  be    examined 

Wilder  tlie  microscope  while  contracting,  a  wave 
of  contraction,  as  already  mentioned,  may  be 
Seen  traveling  along  the  an r face  of  the  fibre, 
while  at  the  same  time  the  transverse  striations 
approach  eacli  other.  lu  the  contracttnl  portion 
^ch  disk  has  1>ecorae  shorter  and  broader,  while 
the  band  which  in  a  rehixed  muscle  is  light, 
in  a  contnictcd  muscle  becomes  dark,  and  the 
bend  which  in  a  relaxed  muscle  was  dark  in  the 
contracted  muscle  becomes  light  (Fig.  285). 

In  the  process  of  contraction  cliemicid  changes  occur  j  these  have 
been  already  to  a  certain  extent  indiruted.  Tt»e  muscle  in  which  reaction 
was  alkaline,  in  contraction  becomes  acid  through  the  development  of 
Barcolactic  acid,  which  may  even  be  excreted  by  the  kidneys.  During  its 
contraction  the  muscle  absorbs  more  oxygen  from  the  blood  limn  during 
its  stage  of  rest,  and,  as  a  conse(|uence,  venous  blood  from  a  resting 
muscle  contains  8.5  per  cent.,  that  from  a  contracting  muscle  12.8  per 
cent,  less  ox3*gen  than  the  arterial  blood ;  while  the  venous  blood 
from  a  resting  muscle  contains,  as  an  average,  6.7  per  cent.,  that  from  a  j 


U  N 1  >  K 1 1  rn  u  N  n  Vo  stha  r* 
MANX.     (^ls*irr,) 

Th*  BattMi!i!  Iji  ihut  of  IWra^Aeruj 
mflnnvnut  tnealpd  tAUb  omnlo  ftdd. 
1  he  fibre  at  r  ka  at  rvst.  ttt  a  tht  (»■• 
traictirjiii  ItAicinn.  at  't  it  haa  t«a«h«d  lU 
nuLximtim.  'I' ha  rifht-hMnd  lida  of 
tli«  Bjrnn  *hnw»  th«  cun*  flbn  u 
Mas  in  polArii«d  llfbL 
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con  tract  ing  luiiscle  10.8  per  cent,  more  carbon  dioxide  than  arterial  Tiloort. 
The  amount  of  oxygen  coiisLiiiied,  as  may  be  noticed  from  these  figures, 
bears  no  relationship  to  the  amount  of  carbon  dioxide  liberated  ;  whence] 
it  folk)ws,  as  already  stated,  that  the  formation  of  carbon  dioxide  in  fk] 
contracting  muscle  is  not  a  simple  process  ofoxidatinn   but  mtlirrtlu^ 
splitting  up  of  flome  complex  compound. 

During  contraction  the  glycogen  of  the  muscles  becomcji  rt'*Jii€t;ii,J 
while,  on  the  other  hiin^l^  tjjere  is  an  increase  in  the  amount  of  .krcatin 
obtainal>le  from  the  contracted  over  that  Ibnnd  in  tbe  resting  muscle^ 

The  qnesiiiou,  What  is  the  source  of  the  earlx>n  dioxide  and  Iiurtii 
acid  tievehiped  by  a  contracting  muscle?  may,  perhaps,  be  answered  hf 
the  statement  that  they  are  derived  neither  from  tbe  albuminous  Dor  Mif 
constituents  of  the  muscle,  but  from  the  carbohydrates,  especially  froa 
the  glycogeu^  which  may  even  entirely  disappear  during  the  stage  ufl 
contraction  of  a  muscle,  even  although  the  amount  of  nitrogenous  decon 
position  products  in  t!ie  muscle  Is  not  increaseil  and  tlie  amount  of  fni 
not  diminislicfl.     From  the  greater  demand  of  oxygen  by  a  coutnictin^j 
muscle  we  find,  as  a  consequence,  a  greater  increase  in  the  supply  of  ikj 
arterial  blood  furnished  to  a  muscle  in  contraction. 

When  a  muscle  contracts,  its  arterioles  dilate,  more  blood  p0is»«| 
through  the  ninsrle,  and,  as  a  consequence,  the  removal  of  tbe  increa^l 
carbon  dioxide  formed  is  facilitated*  It  would  appear  from  thh  tluil 
the  source  of  muscular  force  is  found,  not,  as  was  formerly  supfKJsalt  in 
the  breaking  up  of  alijuniinoids,  but  in  the  chemical  clmnses  oecitrriog 
in  muscle  whicli  are  evidenced  by  the  breaking  up  uf  the  carbohy'lrt(t>«. 

This  statement  may  appear  contradictory  to  eommon  oxiien>i»o«'* 
which  tcacbes  that  auinuils  fed  with  allaiminoids  do  more  work  tUn 
those  fe<l  on  a  diet  lews  rich  in  allninnnoids.  Our  studies  on  nutrition 
have,  however,  indicated  that  a  large  supply  of  albuminous  mutter 
renders  possible  the  use  of  tlie  larger  amount  of  carbohydrates,  Tlws 
will,  i>erhaj>?*^  explain  the  fact  that  well-nourished  herbivonv  are  JiW< 
to  develop  more  force  than  the  apparently  much  more  powerful  camlTortt 
and  that  tlie  activitj^  of  muscle  docs  not  increase  the  breakii»|r  op "' 
albuminates  but  increases  the  elimination  of  carbon  dioxide.  The  f<f'^ 
examples  in  which  muscular  work  is  accompanied  by  an  inmW 
excretion  of  urea,  surh,  for  exam|ile,  as  may  be  oceaslonaUy  seen  in  tin* 
liorse,  are  only  to  be  accounted  for  by  the  insullicieney  of  the  (pwiitity 
of  carbohydrates  admiuistered  in  the  food,  tliis  insufliciency  ni*cc^ 
tating  a  dcstrnction  of  the  proieids  for  the  development  of  force. 

As  might  be  supposed  from  the  above,  every  muscular  eontmrtioni* 
accompanied  by  an  elevatirni  of  temperature.     8nch  a  heal  prtjtlu*'*! 
may  be  determined  ex jierimen tally   by  a  thermometer,  and,  in  n  i,*«^» 
way  J  it  may  be  stated  that  within  certain  limits  the  greater  lb<f  ^oA 
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demanded  of  a  muscle,  in  other  words,  tlie  g^reater  the  resistance  to  l>e 
overcome,  the  greater  will  be  the  anioiint  of  ht-at  production  ;  and,  as  a 
conseqiieiicei  in  a  c  out  rue  ting  imiscle,  not  only  is  energy  libeiiited  bnt 
heat  lis  developed,  which  ib  eiip:ible  of  iKiing  converted  into  act uid  energy. 
The  heat  develufmieut  of  a  contnicting  inuselc  is  not.  only  dependent 
apon  the  amount  of  work  done,  btit  also  on  thfi  tension  of  the  muscle, 
and  the  heat  production  rcLtches  its  nifixinium  when  the  tension  exerted 
,  on  the  mugcie  is  so  great  that  il  is  not  al>le  to  contract. 

Since  a  muscle  in  contracting  is  t^apablc  of  lifting  a  weight,  it  is, 

therefoi-e,   likewise    capable   of  accomplishing   work.      The  amount  of 

J  work  will  depend  upon  the  size  of  the  weight,  upon  the  distance  to  which 

Ihe  weight  is  lifted,  and  upon  the  time  during  which  this  lifting  con- 

Ltinitcs.     It  was  funnd  that  the  degree  of  contraction  was  proportionate 

Ao  the  degree  of  stimnhition»     Therefure,  the  maxinuim  anionnt  of  work 

I  capable   of    being   produced   by   a   muscle   is   accompli  shed    when   the 

'.maximum  weight  is  lifted,     Tlie  amount  of  work  which  a  rnui^cle  may 

!» perform   is,  therefore,  equal  to  the  [)rodact  of  tlie  weight  lifted  and  tlie 

theight  to  which  it  is  lifted  ;  thus,  if  a  muscle  contracts  where  no  load  is 

present,  it  accumplishes  no  work;  or,  if  it  be  loaded  beyond  the  point  at 

l^bich    the   load   may   l>e   lilted,  again  no  work  is  accomplished^      If 

t.be  weight  bi^  gradually  increased,  even  although  it  may  lie  lifted,  the 

beight   to   which    that   lift   ia   accomplished   liecomes  reduced,  and,  as 

consequence,  the  work  diminishes. 

The  amount  of  work  which  a  muscle  ma}^  accomplish  is  greater  iu 
proportion  to  the  transverse  section  of  the  muscle,  for  the  longer 
the  muscle  the  greater  is  the  shortening,  and,  accords  ugly  ^  the  higher  the 
Hilt,  In  muscles  within  the  animal  body  the  amount  of  shortening 
^"wliich  they  may  attain  is  never  capable  of  reaching  tlie  maximum 
obtained  in  a  similar  excised  muscle.  T,he  foi-ce  with  which  a  muscle 
contrarts  is  greater  at  the  commencement  of  contruction,  and,  when 
2^  muscle  liegins  to  contract,  it  can,  the  re  fore » lift  the  largest  load.  If  a 
iscle  loaded  with  a  weight  l>e  stimulated  with  a  rapiilly  interrupted 
action  current,  after  the  muscle  has  once  contracted  no  further 
is  produced  and  no  external  work  is  eviileut ;  but  if  the  muscle 
in  a  weight  at  the  heigfit  to  which  it  raised  it,  the  amount  of  work, 
is  case  the  amount  of  energy  deveIoix^<i  by  the  prolonged  eontrac- 
of  the  muscle,  is  converted  into  heat. 

When  a  muscle  is  stimulated  with  a  feeble  induced  current  and  the 

t  then    graduall)'   increased    in   strength,  it   will  be   found    that 

height  to  which  the  load  may  be  lifted  increases  with  the  strength 

the  stimulus. 

{d)  The  Electrical  Phenomena  in   31u8cle. — If  the   gastrocnemius 

le  of  the  frog  l>e  excised  and  its  tendinous  insertions  cot  olT,  and  two 
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points  of  this  surface,  or  the  longitudinal  surface  of  the  muscle  ftod the 
transverse  section,  be  connected  hy  non-polarizable  electrodes  with  a  sen- 
sitive galvanometer,  at  the  raoment  of  making  the  contact  a  deflection 
of  the  galvanometer  needle  will  take  place,  indicating  the  presence  of  * 
galvanic  current.     The  strongest  effect  is  produced  when  one  point  of 
the  transverse  section  and  one  point  of  tlie  longitudinal  surface  are  con- 
nected with  a  galvanometer ;  even  single  fibres,  nevertheless,  if.  broagltt 
into  connection  with  a  galvanouieter  also  develop  galvanic  ctirrenia.  Tk 
direction  of  the  current  is  from  the  longitudinal  section  through  l)i€  con- 
ducting wires  to  the  transverse  section ;  within  the  muscle  itself  tli 
current  passes  from  the  transverse  to  the  longitudinal  section.     Tl 
nearer  the  one  electrode  ia  to  the  equator  and  the  other  to  the  centre 
the  transverse  section  the  stronger  will  be  the  current,  while  the  currei 
becomes  more  feeble  when  one  electrode  is  approached  to  the  outer  sll^ 
face  and  tlie  otiier  to  the  edge  of  the  transverse  section. 

The  existence  of  a  miiKcle  cnrrent  may  further  be  proved  hy  tii 
experiment  which  is  termed  tlie  rhooscopic  frog.     If  the  gzistroenemiws 
muscle  of  a  frog  be  prepared  with  a  long  piece  of  sciatic  nerve  :*till  in 
connection  with   it^  and  the  end  of  the  nerve  be  placed  over  another 
excised,  fresh  gastrocnemius  muscle,  so  as  to  be  in  contact  with  its  tianfr 
verse  and  longitudinal  surfaces,  contraction  of  the  muscle  connected  with 
the  nerve  occurs  at  the  moment  of  contact.     A   single  contmction 
however,  only  produced,  but  if  the  nerve  he  removetl  frura  the  mmck 
second  contraction  occurs;  thus  pointing  out  timt  the  current  cirvQ)sttii| 
through  the  muscle  is  a  constant  current  and  may  serve  to  stimiifnt4*otb<t 
muscles  or  nerves  at  the  moment  of  breaking  and  making  the  cc»dUcC 
If  a  muscle  l>e  prepared  as  l>efore,  connected  with  a  galvanometer,  aial  W 
found  to  yield  a  strons:   galvanic  current,  if  tlie  muscle  be  then  Uirown 
into  tetanus  by  electrical  stimulation  of -the  muscle  itself,  or  of  its  motor 
nerve,  the  needle  of  the  galvanometer  will  l^e  found  to  swing  1«w?Ie  to 
zero,  indicating  the  disappearance  of  the  muscle  current;  sncli  a  staH 
of  affairs  is  spoken  of  as  the  negative  variation  of  the  muscle  ciimmt 

2,  TuE  ApPLiCATfONB  or  Muscular  CoNTR ACTILITY.— The  contnictilitj 
of  muscles  serves  especially  to  produce  changes  in  form  of  the  aaiinii 
body  by  which  single  members  arc  thrown  out  of  their  condition  ot 
equilibrium  and  changes  of  location  in  the  animal  parts  thus  f  ^ 
or  in  the  case  of  the  unstriped  muscles  to  diminish  the  capnci 
various  cavities  of  the  animal  body.     Hence,  muscles  may  be  cl 
into  two  different  groups  :  those  without  a  definite  origin  and  i 
and  those  in  which  definite  origin  and  insertion  are  present  Totbel 
group  belong  the  hollow  muscles  surrounding  the  urinary  bladder, £*«• 
bladder,  uterus,  heart,  intestinal  canal,  blood-vessels,  nreters, etr    & 
such  instances  the  muscular  fibres  are  unstriped  and  involuntur}'  ^  ^ 


PHYSIOLOGY  OF  MOYEMENT. 


723 


MTanged  in  several  layers,  an  oblique,  circular,  and  longitudinal  layer 
l»cing  in  nearly  all  cases  distinguishable ;  all  tliese  sets  of  fibres  acting 
simultaneously,  the  result  is  to  dimintsb  tbeeapacTty  of  the  cavity  which 
they  inclose,  l^hey  thus  aid  in  various  motions  of  animal  life,  such  as 
Ihf  propulsion  of  the  blood  from  the  heart  and  in  assisting  its  onward 
]iassage  through  the  arteries,  tiie  evacuation  of  the  bladder  and  rectum > 
the  emptying  of  the  pregnant  uterus,  and  various  other  oi>erations  whichu 
Lave  Ijecn  already  alluded  to.  In  addition  to  this  grou])  of  muscles,  the 
^phlucte^9  likewise  have  no  definite  origin  or  insertion,  luit  are  found  at 
tbc  various  openings  of  the  brxly^  whether  the  anus^  urethra,  or  mouth, 
and  several  other  localities.  The  muscular  fibres  of  the  sphincters  are 
circular,  and  by  their  contraction  serve  to  close  the  orifices  of  these 
several  openings. 

Of  the  muscles  with  definite  origin  and  insertion,  either  the  origin  is 
fixed  or  both  origin  and  insertion  may  be  movable.  In  many  cases  be- 
longing to  the  former  of  these  groups  the  origin  is  only  fixed  during 
muscular  action  ;  thus,  in  the  t*sise  of  the  pjdatopharvngcal  muscles  their 
characteristic  action  is  only  renrlered  poawihle  by  the  fixation  of  their 
origtfi  througli  the  contract  ion  of  the  levator  |»:dati  muscle. 

Again,  both  origin  and  insertion  may  be  movable,  tlic  part  moved 
lieing  usually  under  the  control  of  the  will.  Thus,  in  the  case  of  the 
^terno-mastoid  muscle,  through  its  contraction  the  head  may  he  depressed 
or  the  chest  elevated. 

Movement  of  the  animal  parts  or  of  the  entire  animal  hody  is  ren- 
dered poi^sible  through  tlie  manner  iu  which  the  skeletal  muscles  are 
inserted  in  tlie  long  bones  by  which  lever  lutftion  is  possible,  the  bones 
being  regarded  as  levers,  the  joint  as  the  fulcrum,  the  insertion  of  the 
muscle  the  [K>int  of  application  of  the  powder,  and  the  centre  of  gravity 
I  of  the  lM>nc  with  the  resistances  overcome  by  its  motion  as  the  load. 
^H    Thus,  muscles  arising  in  one  bone  and  inserted  in  another  will,  in 
PRfr  coritmcti on,  either  move  both  bones  towant  each  other,  or,  if  one  be 
fixed,  will  apprnnch  the  movable  to  the  fixed  bone.     From  the  definition 
of  the  power-arm  of  a  lever,  it  is  evident  that  in  general  the  direction  of 
tnoscles  relative  to  the  levers  on  which  they  act  is  very  disadvantageous, 
since  their  course  is  almost  always  more  or  less  j  mi  rail  el  to  the  bony  levers. 
This  parallelism  is  diminished  by  tlie  swelling  of  the  articular  extrenii- 

Kand  by  the  development  of  more  or  less  marked  eminences,  such  as 
olecranon  or  the  trocanters,  or  by  tlie  presence  of  sesamoid  bones. 
movements  of  flexion,  however,  this  parallelism  becomes  diminished 
According  to  the  degree  of  flexion,  so  that,  therefore,  at  the  termination 
&f  the  act  of  flexion  the  muscles  are  more  favorably  situated  for  the  de- 
velopment of  power.     Certain  muscles,  however,  such  as  the  muscles  of 
icatioD,  the  flexora  of  the  head,  the  psoas  muscleB,and  the  abductors 
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and  adductors  of  the  arm  have  their  insertion  almost  peri>endicQlaT  t 
the  liones  on  which  they  act. 

Although  all  tliree  classes  of  levers  are 
met  with,  in  general  the  lever  of  the  first  class 
comes  into  play  in  movements  of  extension, and 
that  of  the  third  elnsj?  in  movements  of  flexion. 

A  lever  may  he  defined  a»  an  inflexilile  har 
capable  f>r  btrins;  freely  moved  about  a  fixed  point  or 
lioL%  which  iH  nUJfcl  ilie  fulcrum.  In  the  lir»l  class 
of  le%'er  Ibe  fulcrum  ?iea  between  the  woipbl  and  Ibc 
power,  and  inuy  be  illusitnitcd  by  n  comnirm  crowbar 
or  n  pair  of  sciasor^.  JUi  b'VcrS  of  tbe  second  class 
the  weight  lies  l>etween  the  fulcrnm  aad  the  power, 
and  may  be  ilhif+trsited  by  the  wbeellinrrow  or  nut- 
crarker.  In  the  tbird  rlusa  of  lever  tbe  fMjwer  falla 
between  tlie  fulcrum  and  tbe  weight,  and  may  he 
ilUi8tnited  by  a  pair  of  Sre-toags  or  fihecp-sheare  c- 
(Fig,  28G.)  ^ 
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Fro.  2BS.— TaniES  Clasbrs  or  Lr^-cns.   (Lando(t.\ 

Vf,  micbt:  P.  ftalimfiD:  F,nmr:  t,  la  trran  of  flntrltv  th«  fulonta 
!•■  u*  |ic*w«r  tod  tbtwflli^:  4  ^  '***■*  "f  ■*?*?'  cla*_t)i«  welxht 
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it  bvcivMa 

lyii  twtwfm  ih'tf  pcnrer  aod  ftilcrain 

•fi|»||adl  bfltwiMa  ihm  foli 

vUeh  lh«  powwr  sot*. 


i,  Ifl  lawn  of  thM  claaf  th«  power  lii 
•Ad  wwifbt.    TtM  tflda  dbamt  titm  iiemsUifn  la 


( 1  ev.) 


In  coiisiderijij^  the  de vela pment  of  power  by  the  nsie  of  levers,  tlie  relitJar 
ihip  bifLweun  the  power-  aod  the  weigbuanu  hai  to  be  coasidered.     Tli6  pe*t^ 
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Fio,  288,— Parti  At  Contraction  aw  Bickp^    {PrrrirrA 

arm  of  tbe  lever  may  be  defined  as  the  perpeadicular  distanos  from  ihf  Hi**  It  I 
wUicb  the  power  acts  to  the  fukitim  ;  tbe  w^igbt'aniii  the  pcrpeadicaUf  ^«>»** 
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ic  line  in  which  llie  wcischt  actg  to  Ih^  fulcrum.  The  Isvw  of  the  lever  may 
be  exprcNied  as  follows  :  A  power  will  supjwrt  a  weight  as  many  times  as  great  as 
itself  as  I  he  tw^wcr-arm  is  times  longer 
Ulan  the  weight-arm.  Thus,  for  fix- 
ample,  in  a  lever  of  the  first  clii^e.  if  wo 
fuppoae  that  the  power- arm  be  ten 
Ijines  OS  long  as  the  weight-arm«  a 
wei^rht  of  one  poiinil  iit  the  extremity 
iif  the  jHjwer-arm  will  siipjKirt  n  weifrht 
of  ten  ftounds  at  the  exlremity  of  ihe 
weight-arm.  It  must  Iw  reeollected, 
however,  in  the  case  of  the  lever,  hb  in 
tYery  other  luachiae,  what  is  gained  in 


Fio.  20a— MoTioir  of  Head  as  rLi^usTEA- 

Tiyo  ACTION  OF  L.EVEH  OF  FlIt^T  ULAS^. 


Ill«  huxl  Udda  Vt  fkJl  furwmrd  b/  it*  own  »«l 

^O.     289.  — COXPT.ETE      COTfTRACnOIT     OP     mJ^r*' 
BiclSPa.     {Perrict\i  Im  tti* 


J  Udda  !'>  fkJl  furwmrd  b/  it*  own  »«l|jtbt  uetiag  lift 
I.  r.  This  i*  i)r«tr«iit«4  Ifjr  Utt  oo&t»ctioii  ui  Oia 
of  tib*  hM«k  of  to*  iMok  aotla^  «■  tba  powtr-ftna,  c  4, 


P^^er  is  lost  in  velocity,  and  m^e  rerMa.  Thus,  in  the  caste  of  the  third  class  of 
'^Vi.»r,  power  h  exchanged  for  velocity.  Tlii;?  may  be  well  rejireaented  in  ibe 
?*OTement  of  flexion  of  the  bumsin  forearm  (Flgw.  288  and  2b^i).  Tlie  tulcrum. 
^*    there  fonnd  in  the  elhow-joint,  the  power  is  the  insertion  ^^ 

***'  the  hicepH  mnscU»n  in  the  bone  of  the  forearm  in  fnmt  of  Hi        ^ 

^■^e  joint,  tiie  weight  is  carried  by  tlie  Imnd.  In  ibis  arninge- 
J^'^c-nl  it  is  evideni  that  sliglit  motion  at  the  insertion  of  ibe 
Ijjceps  will  be  jrreatly  multiplied  in    the    case  of  tlie  hand. 

A'lius.  s}\y  that  the  distance  from  the  elbowjuinL  to  Ike  tip  of 
^^e  hand  ib  eii^bieen  incbpn,  the  dis- 
tance   from    the  ellMiw-joint  to    the 

jHiinl  of  insertion  of  the  bicep^i  one 

5nrli,  motion  of  one  inch  at  the  inser- 
tion of  the  biceps  will  iiroduce  motion 

at  tbe  band  of  an  mc  of  a  circlr  whose 

conl  is  eighteen  jnebt*s     The  forearm 

it,  therefore.  In  this  action  an  example 

of  the  third  class  of  lever. 

In  j^enerab  in  tlie  animal  body, 

Hie  |ioint  of  appli(*ation  of  the  power 

lie ve loped    by   muscnhir    coal nvtt ion 

Nes    near    the    fnlcnim  :    hence   the 

ctmditlone  favor  Ibe  pn*durlion  of  velocity  of  mnvement  at  the  expense  of  power, 

for  the  power-arm  ia  always  shorter  than  the  weight-arm. 

The  conditions  arc.  however,  reversed  in  the  case  of  the  extensor  muscles  of 

the  limbs  when  in  contact  with  the  ground.     Here  the  joint  nearest  to  which  the 

muscle  is  inserted  ia  the  point  of  application  of  the  weight,  and  the  fulcrum  is  the 


Fia.  201,— MoTirtK  TT.r»rsTRATT?ya  Action   of 
J.KVF.riJt  OF  THE  Tuiitn  Clas^.     {Biclttrd.) 
Tli«  ftilenirn  li  utn,  th*  pnw«r  froTn  «mtrEH:iiiiQ  of  irutme. 
nnmint  TmiiM;l«,  Artidir  in  thr  lihfl.  it  f,  \§  Jippli*d  »t «-.  whUe  th« 


weiiiihc  iof  thct  U^y  \  tetn  in  lb*  liae,  o  b. 


a  cli  tiiu*  tht  |»w«n 


PHYSIOLOGY  OF  THE  DOMESTIC  ANIHALS. 


joint  above,  far  from  tlte  tnscrtion  of  the  muscle*  Hence,  tbe  p<iwer  arm  1* 
greatly  increased.  Thus,  in  the  horse,  while  Ihe  foot  is  on  the  ground  In  Ibe  con 
traction  of  the  extensors  the  pciint  of  iipplicalion  of  the  weight  i&  in  the  bock 
joint,  the  point  of  application  of  the  power  in  the  cjilc^aneum,  where  the  exlciwDm 
are  inBerted.  and  the  pastern-joint  the  fideruni  ;  hence  the  power-arm  is  longhand, 
nUhou£^h  motion  is  slow,  it  is  aceoiupanied  bj  a  CDrrespondinK  incre-ase  in  jK)W*r 
If.  however,  the  hind  foot  is  not  on  the  ground,  but  i»  extended  as  in  ifcicking,  lliti 
the  falcrum  is  in  the  hock-joint,  and  the  power-arm  Ib  now  aho«t  mud  power  ii 
exchanged  for  veloeity. 

The  tirst  class  of  levers  may  he  represented  in  such  movements  as  in  noddinf 
the  \uvni,  where  ihe  fulcrum  \»  the  articular  surface  of  the  atlas,  tlie  weight  licin^ 
found  in  the  biick  of  tbe  head  when  the  throat  muscles  contract,  in  the  frttol  itf 
the  head  when  the  pdsUU'ior  neck  muscles  contract  (Fisj,  290).  Movement  6iicw 
the  actiim  of  levers  of  the  second  class  is  seen  when  the  body  is  ruided  up  on  tiptoe] 
by  llie  muscles  of  Ihe  calf  (Fig.  291).  i 

All  three  oniers  of  levers  may  come  into  play  in  the  action  of  the  hamas 
elhow-joint.  Thus,  the  first  class  is  illustmted  when  the  foreami  \»  eitendt^!  'Hl 
the  arm  throu^^h  the  eontniclion  of  the  Iricej^ts  muscles;  in  this  instance,  the  haul' 
is  the  weight,  the  elbow -jomt  the  fulcrum,  and  the  insertion  of  tbe  tricep*  in  (be 
olecmnon  the  power  (see  upper  diagram  Fig.  387). 

If  the  hand  rest  on  the  table  and  tbe  body  be  rafsed  on  it,  then  theliAii<J 
is  the  fulcrum,  the  triceps  is  the  power,  and  the  humerus,  at  it»  arlicniatioo  in 
the  elbow  joint,  the  weight,  tliun  illustrating  the  action  of  a  lever  of  the  sfennd 
class  (see  middle  diagram  287).  Tbe  tbini  order,  ad  already  mentioned,  cuifitd 
into  play  when  the  forearm  is  flexed  on  the  arm. 

Iq  the  horse  the  extenaoi^  of  the  foreann  {A  Z),  B  D,  and  CD,  Fif. 
292)  act  as  levers  of  the  first  class,  the  power-arra  being  the  distititt 
lH?twcen  the  sutQioit  of  tbe  oleemoon  ntid  the  centre  of  the  hnroero" 
radial  art  Ic  til  at  km,  which  forms  the  fulcrum,  while  the  weight-arra  i* 
represented  by  the  length  of  the  radius.  In  man  tbe  triceps  hmehitlii 
(By  ¥ig.  293),  which  is  the  aimlogtie  of  the  olecranon  muscles  of  tiit-uJ- 
rupeds,  acts  also  as  a  lever  of  the  first  class,  the  jx>wer-arm,  however* 
being  much  shorter  in  man.  In  tbe  posterior  extremity  of  the  bt>»w 
(Fig.  294),  the  gluteus  mediiis,  the  fascia  lata,  the  triceps  c rural ts» tlie 
bi  fern  ero-ca  loan  ens,  the  vastus  cxterous,  etc.,  are  also  examples  af  tl« 
first  class  of  levers.  In  the  case  of  the  gluteus  medius  (A  B^  FigJW) 
the  power-arm  is  the  distance  from  the  trochanter  to  the  centre  of  tlie 
acetabular  articulation,  which  is  the  ftikrum,  while  the  weigbt-arm  is  tlie 
length  of  tbe  femur.  For  tbe  gastrocnemins  tlie  power^irm  is  ^^ 
distance  from  the  summit  of  the  calcaneiim  to  the  centre  of  the  hock* 
joint,  which  is  the  fulerutn,  wliile  tbe  weight-arm  is  the  length  of  tbf 
metatarsus.  Tbe  first  class  of  levers  is  tbus  mainly  represented  bv 
extensors. 

Levers  of  the  third  class  are  mainly  represented  by  tbe  flexort-  !■ 
the  anterior  extremity  of  the  horse  (Fig.  295)  the  infhispiiiAtii*.  t^d 
biceps  flexor,  the  metacarpal  flexor,  and  the  flexor  [>edts  are  all  exwnpl** 
of  muscles  whose  action  oj^erates  through  levers  of  the  third  d»ss,il 
each  instance  tlie  power  acting  between  the  fulcrum  and  the  weight  J« 
operations  of  levers  of  tbe  third  class  power  is  exchanged  for  velocity 
of  motion,  from  the  fact  that  tbe  power-arm  ia  alw&js  aborter  thaa  ^ 
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^wciglit'flTm.     In  the  pofiterior  extremity  of  the  horse  (Fig.  296)  the 
HiijK?rGcial  gluteus  muscle  and  the  ischio-tibial  muscles  are  levers  of  the 
'      third  class, 
I  Levera  of  the  second  class  are  more  rarely  met  wltk     In  the  horse 


_    2BS.— Anterior     Ex- 

TRE*tITY  OF  TlIF  HoRMK 
texar  brvliiL    G  U,  liMofftetkMi  of 


Fro.    203.— SrPERioR     kx- 
tremityofMan.  {Cotm.) 

A  C,  Una  id  a^ijoq  af  th«  bioepi 


Fio,    2M.— Postehior     Ex- 
tremity OF  THE  KORBS 
IN   EXTKWHIOK.      iColin^l 
A  B,   M&B    of     %ci\tm    nf    glat«iii 
zii«diua.    V  D.  Hue  of  mc\\,on  of  tHo«|>« 
BitBniJ'ir.     E  /'.  Md«  of  drtlon  of  hm- 
tioonaialtu.      <?  JEF^  Ua»  o(  Mfeloft  of 


the  gastrocnemius  acta  through  a  lever  of  the  second  class  when  the  foot 
is  in  contact  with  the  grounil.  Then  the  fulcrum  is  at  the  point  of  con- 
tact of  the  foot  with  the  ground^  the  power-arm  is  the  distance  from 
the  calcaucum  to  the  ground,  the   weight-arm   the  distance   from  the 
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astragftlo'tiliial  articulation  to  tbe  growml,  and  the  resistAnec  is  tlic  wefa:lit  1 
of  the  bcKl>\  Tliis  luotle  of  action  of  the  gastrocncmios  is  loore  evident  1 
in  man  (Fig.  207)  when  the  weight  of  the  body  is  raised  on  tbcloef  I 
through  the  action  of  this  muscle.  In  the  anterior  extremity  of  qU2wl.[ 
rni»eds  the  extensors  of  the  forearm  (A  Z),  B  />,and  C  JJ,  Fig.  21*2)  alsaj 
act  through  levers  of  the  second  class  when  the  foot  is  on  the  gjouujj 


Fro,  285,— TiiK  Anterior  ExTR^MrrT 

or  T H K  Burs k  i  >•  F  \.  k x  h> n  .    ( I'oHn. > 

A  By  lina  nf  luition  *]t  itifrMShiinjttuL      €  />,  lina 

«r  Mkion  (if  t»iwf«  fliiKir.     E  f\  Una  of  Motion  of 


Fig.  29ft.— PoRTKnioK  ExT»»wn*Ll 

TUB  HuK.'iE  tK  FLF.XIo^, 
inaacl«a.    K  F,  Xkmm    tit  mittm    ^  < 


their  action  serTing  then  to  flex  the  hnmero-radial  artieul&tiotti  iasU*! 
of  extending  it,  as  occurs  when  the^^  act  with  tbe  foot  in  the  air. 

Tlie  movements  of  tlie  ditlerent  parts  of  the  animal   Ujd v  »H'<*^ 
npon  the  union  of  the  different  parts  of  the  skeleton  with  v-acU  otlifrl 
the  mode  of  insertion  of  the  muscles.    The  niovalile  part^  of  tbe  shM 
are  designated  as  joints,  the  relative  positions  of  the  boucs  fanrnflg  * 
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Joint  being  determined  by  muscular  action;  for  when  by  the  action  of 

muscular  force  the  positions   of  the  bones  are  changed,  the   original 

position  is  not  regained  in  the  cessation  of  that  force. 

The  form  of  tlic  joint,  in  which  two  bones  are  united  end  to  end,  is 

nibject  to  considerable  variation,  depending  on 

and  governing  the  direction  in  which  the  move- 
ment may  take  place.    The  articular  extremities 

of  the  bone  are  covered  with  articular  cartilage, 
surrounded  by  closed  serous  sacs  containing 
a  serous  fluid,  the  synovia,  which  tends  to 
diminish  friction  between  the  movable  parts. 
Since  the  space  between  articular  surfaces  con- 
tains only  the  synovial  fluid,  it  may  be  regarded 
as  a  vacuum,  and  atmospheric  pressure  is  itself 
saflScient  to  keep  the  articular  surfaces  in  con- 
tact, even  sustaining  the  entire  weight  of  the 
limbs  and  thus  sparing  muscular  action.     The 

movement  between  the  joint  ends  is  not  only 

governed  by  the  character  of  the  joint,  which 

we  will  find  may  be  resolved  into  several  diflTer- 

ent  types,  but  is  further  restricted  by  the  cap 

siilar  ligament  which  holds  the  joints  in  appo- 
sition   and     by    the     tendinous    bands   which 

surround  them,  in  all  cases  only  those  move- 
ments being  possible  in   which  the  articular 

surfaces  remain  in  contact. 

The   articulations   are   divided   into  three 

classes :   the    immovable   articulations,   or  the 

synarth rosea ;    the  mixed,  or   amphiarthroses ; 

and  the  movable,  or  diarth roses. 

To  the  first  class  belong  the  sutures  and 

other  articulations  where  the  surfaces  of  the 

bones  are  in  almost  direct  contact,  not  sepa- 
rated  by   a   synovial    cavity,   and    immovably 

connected  with  each  other.    In  the  second  class 

the  osseous  surfaces    are  connected    together 

by  disks  of  fibro-cartilage,  as  between  the  bodies 

of  the  vertebrfle,or  the  articulating  surfaces  are 

covered   with   fibro-cartilage,   parth'   lined    by 

synovial  membrane,  and  bound  together  by  external  ligaments,  as  in  the 

sacro-iliac  and  pubic  S3^mphyses. 

The  third  class  includes  the  greatest  number  of  joints  in  the  animal 

body,  and  as  mobility  is  their  distinguishing  characteristic  they  are  the 


Fig.  297.— Inferior  Extrem- 
ity OF  Man.    {Colin.) 
AB  C,  line  of  action  of  biceps  flexor. 
(D.  lever  of  third  class.)     £,  gastroo- 
nemias. 
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only  ones  with  which  we  are  coneeriied.  Four  different  varieties  of  thii 
form  of  joint  have  Ijeen  described,  according  to  the  kind  of  motion 
permitteil  in  each. 

a.  The  Rotatory  Joint,  or  Diarthrasia  Botaioria, — In  this  clasg  of 
joint  the  movement  is  liraited  to  rotation,  tlie  joint  being  formed  by* 
pivot-like  process  turning  witliin  a  ring  or  the  ring  on  the  pivot,  the  ring 
being  formed  piirtly  of  bone  and  partly  of  ligament.  The  articulation 
of  the  atUis  and  the  occiput  is  an  example  of  such  a  joint*  In  the  elbow- 
joint  a  similar  rotatory  articulation  is  met  with,  where  in  the  radio-ulnir 
artienbtion  the  ring  is  formed  by  the  lesser  sigmoid  cavity*  and  theorhicukr 
ligament  while  the  head  of  the  raditis  rotates  within  the  ring.  Onk  in 
animals  in  whom  pronation  and  supination  of  the  hand  are  posaible  due^ 
tills  njovement  occur;  it  is,  therefore^  absent  in  the  hon*e  and  ox.  In 
general,  it  may  be  said  that  in  animals  provided  with  the  clavicle  I  his 
motion  of  supination  and  pronation  is  usnnlly  present. 

6.  The  Bali  and  Socket  Joint,  or  the  Enarthrotsis. — In  this  joint  motion 
in  all  direetioua  is  possible,  and  it  is  formed  by  the  reception  of  tbc 
globular  liead  of  a  long  bone,  into  a  deep,  cup-like  cavity,  hence  calM 
Indl  and  socket,  the  parts  being  kept  in  apposition  by  a  capsular  UgamcTJt 
and  acce^sor)^  ligamentous  bands.  The  hip*  and  shoulder*  joints  ait 
examples  of  this  class. 

e.  The  Hinged  or  Ginglt/moits  Joint. — In  this  form  motion  h  only 
possil)le  in  one  [>hiue  and  only  iu  two  directions,  forward  and  Iwiekwanlt 
the  articuliir  surfaces  being  moulded  to  eacli  other  in  such  a  way  ttiat* 
solid  cylinder  moves  within  a  greater  or  lesser  segment  of  a  bftllow 
cylinder.  The  joint  between  tlie  ulna  and  the  humerus  is  a  most  [ttdect 
cxiim[)le  of  a  ginglymous  joint,  while  the  joints  between  the  phaliagi*  i 
and  between  the  inferior  and  superior  maxillary  bones  of  the  caniifon  i 
are  other  examples.  The  pastern-joint  of  the  horae  is  a  modified  fom 
of  this  joint  and  is  often  spoken  of  as  a  screw-joint. 

d.  The  (i  tiding  Jointtiy  or  the  Arihrodia. — In  this  class  motion  of* 
gliding  character  takes  place.  Such  joints  are  formed  by  the  approxiflw^ 
tion  of  plane  surfaces,  or  one  slightly  concave,  the  otlier  glightly  coottif 
movement  lictween  them  being  limited  by  the  ligaments  or  the  o««>i» 
processes  surrounding  the  articulation.  Such  articulations  %rt  Si^ 
between  the  vertebra,  metatarsal  and  tarsal  bones,  and  others.  | 

Tlie  forces  which  move  the  joints  are  found  in  the  oontmctiofirf 
striped  miiscnhir  fibres.  The  extent  of  contmction  for  which  the  mmA 
ift  ea|>able  depends  upon  its  length,  and  therefore  we  speak  of  longtsi 
short  muscles.  A  muscle  whose  function  it  is  to  bring  its  iwiuU  rf 
origin  and  insertion  nearer  to  each  other  must  necessArily  be  %  \oa§ 
muscle,  while  the  muscles  whose  contraction  only  leads  to  slight  ckini* 
of  place  are  usually  short  muscles.     It  will  always  be  found  U»t  ^ 
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lengtli  of  tlie  musele-flbrc  corresponds  to  the  degree  of  movcnueiit  which 
the  muscle  has  to  produce.  It  does  not  necessarily  follow  that  a  muscle 
whose  points  of  origin  and  inst*rtion  are  widely  separated  should  he  a 
long  inusete,  since  the  interval  between  these  two  points  may  he  largely 
taken  up  by  tendons. 

3.  AsiMAL  Locomotion.— The  essential  factor  for  animal  locomotion 
consists  in  the  movement  of  the  centre  of  gravity  of  the  body.  By  the 
term  *' the  centre  of  gravity  "  is  understood  the  point  about  which  all 
the  rantter  composing  the  l»ody  may  be  balanced.  The  attraction  of 
gravity  tends  to  draw  every  particle  of  matter  downward  in  a  vertical 
line.  The  factors  of  this  force  may  be,  there foie,  regarded  as  the  sum  of 
an  alojost  iidinite  number  of  parallel  forces/each  of  which  is  acting  upon 
one  «if  the  molecules  of  which  that  body  is  composed.  Just  as  the 
result^xnt  of  tlie  force  exerted  by  two  horses  harnessed  to  a  swingle-tree 
is  ecjual  to  the  sum  of  the  forces  exerted  by  Ibc  horses  but  applied  at  a 
single  i>uint  at  or  near  the  centre  of  the  swingle-tree^  so,  also,  the  sum 
of  the  forces  of  gravity  may  be  regarded  as  acting  upon  a  single  point 
which  is  near  the  centre  of  gravity  of  that  bod^'*  In  other  words,  the 
weight  of  the  body  may  be  considered  as  concentrated  at  the  centre  of 
gravity.  Wlien  the  centre  of  gravity  is  supported  the  whole  body  will 
1«  in  a  state  of  equibhrium;  or  when  the  line  of  direction  of  tlie  force 
of  gravity,  which  is  thii8  a  vertical  line  passing  through  the  centre  of 
gravity,  faJ Is  within  the  base  of  the  body,  or  base  on  which  the  body 
stands,  it  is  then  said  to  be  stable, 

111  all  regular  bodies  the  centre  of  gravity  will  coincide  with  the 
central  pointy  while  in  irregular  bodies  it  will  be  nearest  to  that  part  in 
^hich  the  greiitcst  weight  is  concentrated.  As  the  centre  of  gravity  of 
tlie  animal  body  is  within  the  IkkIv  it  can  be  directly  8U|)ported.  The 
«t4il»ibtv  uf  the  botly  will  l»e  greater  the  broader  the  l*aKe  and  the  nearer 
the  centre  of  gravity  to  the  support.  The  animal  body  when  standing  is, 
lmwever,oidy  at  best  in  a  state  of  unstable  equilibrium  ;  for  when  slightly 
displaced  from  its  position  of  equilibrium,  it  tends  to  fall  still  farther 
from  that  position,  owing  to  the  fact  that  the  disturbance  has  lowered 
the  centre  of  gravity,  and  equilibrium  is  not  restored  until  it  react les  its 
lowest  ]>os8ible  |)oiut.  An  animal  in  a  recumbent  position  is  in  a  state 
of  neutral  equilibrium ;  whjen  its  position  is  changed  it  tends  neither  to 
return  to  its  former  ]>osition  nor  to  fall  farther  from  it.  Stable  equi- 
librium is  when  a  boily  is  so  snpportetl  that  when  slightly  displaced  from 
its  position  of  equilibrinm  it  tends  to  return  to  that  position.  Such  a 
condition  can  only  occur  wlieu  displacement  raises  the  centre  of  gravity. 
The  penilulum  is  fvn  exanqde  of  stable  equilibrium. 

Standing  is  thus  a  condition  of  unstable  equilibrium  in  which  the 
centre  of  gravity  is  supported  from  the  fiict  that  the  line  of  directiou 
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fiills  witliin  the  base  of  the  figure*  The  meelianlsm  of  sUuidlng  diifeRHl 
bipetls  !Uid  qiMulnipotls.  In  man  thu  centre  of  gmvity  lies  wirliin  ibe  | 
pelvis,  about  one  Jitid  a  lialf  mi  IH  meters  in  front  of  the  proraontory  of  the 
saernm.  lu  the  erect  attitude  nf  man  the  feet  are  clirecteil  cmtwanl 
(forming  an  angle  of  about  11  fly  degrees),  so  increasing:  the  base  of 
support^  tlie  heels  toiiehingj  the  knees  extended,  the  thiglis  rot^titl' 
externally,  and  the  pelvis  and  trunk  bent  slightly  backward,  the  arms' 
hanging  at  the  side. 

In  the  act  of  standing,  the  1>ody  not  being  rigid,  Uahinciiig  nuibt 
be  aided  by  the  assiKtanec  of  the  eontnietiuii  of  various  museli*?s     ]n% 
certain   iitnuber  of  joints   the  action  of  llgameiUs  in   the  eri*et  jKishiott 
assists  tde  maintenance  of   tlit^   upright  postiu*e  ;  thus,  m  the  attit»d0 
alrca<ly  descri1>ecl,  where    the    knees  are  exteinle<l   to   the   ntmoi^tt  thf 
trnnk  ibrown  backhand  the  head  balanced,  the  anterior  hip  lignim-nt* 
are  rendL-red  tense,  and  the  knee-  and  hip-joint  remained  fixe<l  without 
anj'  etfort  n[}on  the  part  of  the  joint-muscles.     In  the  |)Osition  known  as 
"  standing  at  ease"  the  weight  of  tlje   body  rents  mainly  on  one  leg.  tbe 
otlier  ft^rniin^  simply  a  support  to  assist  the  muscles  around  thesnp|wrt- 
ing  ankle.     In  this  position  the  joints  are  not  kept  locked  by  thi*  trnsion 
of  tlie  ligaments,  for  the  pelvis  is  now  somewhat  oblique,  no  as  to  luSiig 
it  directly  over  the  head  of  the  femur     Varying  tension  in  the  mns<rle* 
serves  to  preserve  the  balance  and  prevent  fatigue.    In  the  erect  |»oslare ' 
tile  ankle  supports  tlie  weight  of  the  body  ;  the  line  of  gravity  fitliiHif 
slightly  in  front  of  the  axis  of  rotation  of  the  ankle-joint,  the  U^ideury 
is  tliiiJ*  for  the  body  to  fall  forward  at  the  ankles ;  this  is.  bowt-u^r 
checked  by  the  eaif-muscles,  which  keep  the  p>arts  nearly  in  positioHof 
exact  equililirium.     In  the  erect   position,  the  ankle-joint  Win^  ncillior 
flexed  nor  extemled  to  the  utmost  forward  or  backward,  motion  nm^t  l*^' 
prevented   by  muscular  contnicaion.     Lateral  motion  at  the  ankle-joint 
is   prevented  by  the  malleoli.     When   the  knee-joint  is   complflely  ts- 
tended   no  nuiscular  action  is  required  to  prevent  it  from  beihlins,  t*- 
cause  the  line  of  gravity  then  passes  in  front  of  the  axis  of  rotition  *nd 
the  weight  of  the  borly  tends  to  bernl  the  knee  backward,     A  Itlioiiirli  t*» 
lignnuTitH  wliicli  exert  their  contraction  behind  the  axis  of  rotation  U^ 
t  o  re  n  1 1  er  this  i  m  pos  s  \  Id  e  ^  o  rd  i  ii  a  rl  I  y  1  he  p  os  i  t  i  o  n  i  s  ma  in  tai  n  etl  I  >  v  m  ^ 
iiuhir  action  so  exerted  tliat  the  line  of  gravity  passes  slightly  hriiiri 
the  axis  of  the  knee,  the  tendency  thus  produced  of  the  knee  to  b«irf 
being  chcckt^!  l>y  the  extensor  nuiseles  of  the  thigh. 

Ill  the  hip-joint  the  line  of  gravity  falls  behind  the  line  uniting  tl** 
joint.  When  the  person  is  erect,  the  tendency  thus  prcM]i]c«^  of  tbf 
boiiy  to  fnll  backward  is  prevented  by  the  ileo-femoral  UtjarnenL  H 
however,  the  knee  ir  not  exteuiled  to  the  full  extent  the  line  of  }:mvtn 
passes  a  little  behind  the  axis  of  rotation  of  that  joint,  and  the  ^<^^ 
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being  slightly  flexed  on  the  femora,  the  axis  of  the  joint  lies  a  little 
behind  the  line  of  gravity,  and  the  inclination  thus  produced  to  fall 
ibrward  is  prevented  by  the  glutei  muscles,  which  are  likewise  concerned 
In  regaining  the  erect  posture  after  bending  the  trunk  forward.  The 
motions  between  the  pelvis  and  vertebra;  are  practically  so  slitrht  as  to  be 
disregarded,  and  the  vertebral  column,  with  the  exception  of  the  motions 
existing  between  the  head  and  the  upjwjr  cervical  vertebra?,  may  be  re- 
garded as  a  rigid  column.  Between  the  occiput  and  atlas  lateral  and 
rotatory  motions  are  possible  to  a  considerable  extent,  so  that  balancing 
the  head  is  rendered  possible  only  by  co-ordinated  muscular  contractions, 
eince  no  ligaments  are  present  which  can  fix  the  occipito-atlantoid  artic- 
ulation. 

Sitting  is  that  position  of  equilibrium  where  the  body  is  supported 
on  the  tubera  ischii.  The  line  of  gravity  may  pass  either  in  front  of  the 
tubera  ischii,  in  which  the  body  must  be  supported  by  some  fixed  object, 
or  the  line  of  gravity  may  fall  behind  the  tubera  in  the  backward  ix)s- 
tiire,  in  which  case  falling  backward  may  be  prevented  by  leaning  upon 
a  support  or  by  the  counter-weight  of  the  extended  legs.  In  sitting 
erect  the  line  of  gravity  falls  between  the  tubera  themselves,  and  but 
slight  muscular  action,  such  as  is  required  in  the  balancing  of  the  head, 
is  sufficient  to  maintain  equilibrium. 

In  quadrupeds  the  four  limbs  act  like  four  columns,  as  in  a  chair  or 
table,  in  supporting  the  centre  of  gravity  of  the  body,  so  that  the  base 
of  support  is  a  parallelogram  whose  corners  are  represented  by  the  point 
of  contact  of  the  feet  with  the  ground,  and  which  is  about  four  times  as 
long  as  it  is  broad.  In  consequence  of  the  greater  base  of  support,  equi- 
librium is  more  readily  preserved  in  quadrupeds  than  in  bipeds.  The 
centre  of  gravity  in  the  large  quadruixjds,  such  as  the  horse,  ox,  etc.,  lies 
at  the  intersection  of  a  line  passing  vertically  behind  the  xyphoid  carti- 
lage and  one  passing  horizontally  through  the  end  of  the  second  third 
of  the  stenio-vertebral  diameter.  In  the  small  quadrupeds,  snch  as  the 
dog,  the  centre  of  gravity  is  located  somewhat  more  anteriorly.  From 
the  fact  that  the  centre  of  gravit}^  lies  below  the  vertebra*  in  quadrupeds, 
in  the  erect  position  the  tendency  of  the  weight  at  the  centre  of  gravity 
is  to  curve  the  vertebral  column  inward.  This  is  prevented  b}-  both  mus- 
cular action  and  ligamentous  support.  The  fore  extremities  nnd  scapula 
are  only  attached  to  the  trunk  through  muscular  and  ligamentous  con- 
nections which  are  continually  on  a  stretch  and  so  serve  to  render  the 
shoulder-blade  immovable,  while  by  means  of  the  greater  serrati  muscles 
the  trunk  is  supported  as  in  a  sling,  so  that  it  cannot  be  pushed  forward 
against  the  shoulder-blade.  In  the  posterior  extremities  the  relationships 
differ  in  that  the  single  bones  are  not,  as  in  the  fore  extremities,  verti- 
cally over  each  other.  Here,  also,  the  erect  oositiou  is  maintained  through 


734 


PHYSIOLOGY  OF  THE  DOMESTIC  ANIMALS, 


muscular  action.  When  the  body  is  uniformly  supported  on  nil  four 
extremities,  in  the  fore  limhs  the  line  of  direction  passea  from  the  shouldtr 
through  the  centre  of  the  elbow-joint  in  the  axis  of  the  forearm,  througli 
the  centre  of  the  knee-joint  in  the  axis  of  the  ulna,  through  the  centre 
of  the  pastern-joint  perpendicular  to  the  ground  behind  the  ball  of  the 
foot.  Three  principal  ■  angles  are  thus  formed  whose  degree  dependft 
partly  on  the  angle  between  the  scapula  and  rertebrae  and  partly  on  the  | 
relative  lengths  of  the  different  bones. 

In  the  case  of  the  anterior  extremity  the  line  of  direction  of  thai 
lower  bones  is  almost  vertical,  but  in  the  case  of  the  upper  bones  beeoinet  j 
considerably  inclined  ;  thus,  the  scapulo-humeral  angle  tends  constantly! 
to  become   smaller  and  smaller  on  account  of  the  depression  of  the 
superior  extremit}^  of  the  scapula  and  by  the  projection  anteriorly  of 
the  scapHlo-luimeml  articulation.     This  depression  and   projection  are  j 
hindered  \jy  the    action   of   numerous  muscles.      The  most  importwt  j 
muscle  concerned  in  the  fixation  of  the  upper  extremity'  is  the  aerratu* 
magnus,  which,  arising  in  numerous  fan-shaped  bundles  from  the  five  , 
posterior  cervical  vcrtebrie  and  the  first  eight   ribs,  converges  to  be 
inserted  in  the  ventral  surface  of  the  scapula.     This  nuiscle,  with  il» 
fellow,  serves   as   a  muscular   sling   in  which   the   body    is   supportetJ 
between  the  fore  limbs,  the  axis  of  motion  of  the  shoulder-blade  p«i^ 
ing  through  its  insertion  in  the  scapula. 

The  superior  extremity  of  the  scapula  is  sustained  b}^  the  rhomboid 
muscles^  wiiich  draw  it  n|>ward,a3  well  as  by  the  trapezius,  which  tend  to 
elevate  and  advance  this  bone,  so  opposing  the  depression  of  the  scapult 
through  tlie  weight  of  the  trunk.  These  muscles  thus  0ve  fixity  totlie 
scapula.  Further,  the  anterior  projection  of  tlie  scapulo-hnmemlangli 
is  prevented  by  the  greater  and  lesser  pectoral  muscles,  which  by  tb«r 
contraction  tend  to  retract  this  angle.  The  obliquity  of  the  haiweni* 
tends  to  become  exaggerated  during  standing  as  well  as  at  each  act  of  j 
striking  the  foot  upon  the  ground.  The  pectoralis  mnjor  and  the  infi»* 
spinalis  muRclcs,  as  well  as  tlie  coraco-radii,  tend  to  prevent  this,  the  httir 
muscle  being  especially  eflicacious,  acting  not  only  as  a  mnscle. ball 
band  of  unyielding  tendinous  material  running  through  it  enables  it  to 
act  as  a  ligament  preventing  exaggerated  flexion  of  the  humenison  tbt 
shoulder.  That  the  coraco  radii  should  fulfill  this  function  it  is  ne«*^ 
sary  that  its  insertion  in  the  inferior  extremity  should  be  fixe<l.  Tbi* 
fixity  is  accomplished  by  the  five  olecranon  muscles.  At  the  elbow-joiat 
tlie  lower  end  of  the  humerus  is  fixed  by  the  strong  lateral  ligAHients; 
reduction  of  the  elbow  angle  being  prevented  by  the  fixation  o(  tlie 
olecranon  through  the  contraction  of  the  extensors  of  the  fofe«*« 
and  anterior  deviation  by  the  tendinous  expansion  of  the  long  flexor  (>f 
the  forearm,  its  tension  ijicreasing  with  the  weight  on  the  shoulder 


the  extensor  inserted  in  its  carpal  extremity,  and  which  receives  in  about 
the  middle  of  its  fleshy  belly  an  aponeurotic  cord  fixed  superiorly  to  tlie 
external  tuberosity  of  the  humerus.  In  the  phalangeal  region  the  direc- 
lion  of  the  bony  support  now  becomes  oblique,  aud^  while  its  obliquity 
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conBtantly  tends  to  become  exaggerated  by  the  weight  which  the  upper 
extremity  BU[*ports,  it  never  passes  certain  limits  on  account  oflbc  prc% 
erice  of  the  splrul  liguineiit  of  the  pastern-joint.  Without  this  ligaoieiitoQ^ 
support  mwscailar  action  would  he  inBiifficient  to  prevent  extrenje  flexion, 
but  hy  means  of  the  li^araeot,  which  in  the  horse  and  ruminant  is  eompsed 
of  powerful  non-ehistic  tendinous  fibres,  represented  in  the  earnivom  hy 
muscular  llbre^  the  support  of  the  body  is  rendered  possible  willioul 
fatigue. 

In  the  case  of  the  posterior  limbs  great  deviation  fVom  the  vcrticiil 
is  met  with.nn*!  that  tlieir  obliquity  should  be  restrained  within  certain 
limits  considerable  muscular  eflbrt  is  required  and  the  mechanical  dispo-. 
sitiouH  of  tlie  power  is  more  complex  (Fig.  298)  than  in  the  ease  of  tli* 
thoracic  members.     In  the  hind   leg  four  angles  are  met  with,  viz.:  m 
the  hip-joint,  the  knee-Joint,  the   hock-join  t,  and   the  pas  tern -joints  tlie 
degree  of  these  angles  being  governed  by  the  angle  wiiicb  the  axis  of  Uie 
femnr  makes  with  the  vertebi-aB  and  the  position  in  which  the  hind  foot 
is  phu^ed*     lu  the  resting  position  of  the  hind  extremity  the  line  of  direc- 
tion of  the  Ijody  weight  passes  from  the  centre  of  the  hip-joint  rerticallf 
downw^ard  to  the  centre  of  the  hock-joint,  and  tlien,  deviating  alxxit  10^ 
from   the  direction  of  the   metatarsus,  passes    lichind  the  prtstern-Joiiit 
to  the  ground.     The  pelvis  is  very  oblique  relatively  to  the  trunk  m  tha 
horse,  ox,  and  most  ruminants  and  caruivora.     The  femur  is  obliquelr 
conrierted  with  the  pelvis,  do wn ward  motion  of  the  pelvis  and  Ixickwanl 
mo ti till   of  the   femur  from  the   body  weight  being  prevented  by  tli« 
aljiloiniiud  reeti  museles^  whose  tendons,  being  inserted  in  the  jiclvif,  l»v 
their  tension  tend  to  draw  the  hip-Joint  anteriorly.    The  gluteal  mii^cH 
arising  from  the  ilium  nnd  passing  over  the  hi[^-joint  to  the  femur, m:t 
in  the  same  direction,  not  only  preventing  forcing  backwanl  of  iUt  bij»- 
joint,  but  in  its  contraction  pressing  the  hiivjoint  forwarrl.    Thelegi^ 
like  the  femur,  flexed,  its  obliquity  being  limited  by  the  tension  of  tk 
tendous  of  the  extensor  muscles,  which  pass  over  the  anterior  sur&L'eof 
the  knee-joint,  by  the  ligaments  of  the  knee-joint,  and  b}'^  the  tlhio-larsal 
musdCj  which  iu  the  solipedes  throughout  its  entire  length  con^ist^of  i 
strong  i^poneurotic  baud,  thus  being  analogous  in  its  action  to  UieconiM)- 
radial  muscle  of  the  anterior  extremity.     The  flexion  of  the  metAt^iruii 
on  the  leg  is  limited  especially  by  the  ga#<trocnemius  ninscles  and  by  tU 
superficial    llexor  of  the  phalanges,  which  in  the  suspensor)*  li^'MHi** 
becomes  reduced  to  a  cylindrical  cord  and  flattened  out  at  its  i*ssjig« 
over  the  summit  of  the  calcaneura.     The  inclination  of  the  phalanctf  tvfl 
the    metularsus  is  prevented   by  a   ligamentous  suspensory  Api>antfli 
similar  to  that  of  the  anterior  extremity* 

From  the  above  it  is  seen  that  the  extremities  in  standing  supi»ort 
the  body  only  by  muacular  eflbrt,  principaUy  that  of  the  cxlcji^f^ 
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-Altliougb  tbo  th'xors  participate  in  many  joints,  as  an  example  of  wlnt^U 
it  is  only  necessary  to  mention  ibe  coraco*ratlial,  which,  as  alreatly  statetl, 
c»ffers  resistance  to  the  flexion  of  the  arm  on  the  forearm,  this  aetion  is 
only  renderetl  possible  when  tiie  iiitljus  is  fixed  by  the  olecranon  musclefi. 
The  support  of  the  head  in  standing  in  the  case  of  qiiadrupeds  is  accon^- 
plished  mainly  by  the  ligamentum  nucje,  which,  orig:inatin|j  in  the  s|ijno»iii 
processes  of  the  dorsal  vertebrre,  terminates  in  the  oceipitai  f^rutntier* 
ance,  being  connected  at  the  same  lime  with  all  the  cervical  vertebra*. 

While  standing  quietly  the  weight  of  the  horse  is  snpjjortetl  by  both 
of  the  fore  legs  and  only  one  hind  leg,  the  other  hind  leg  bt^ing  flexed  and 
only  the  tip  of  the  toe  touching  the  gronntl.  By  this  means  the  muscles 
of  the  posterior  extremity  which  are  c*>ncernetl  in  the  act  of  standing 
are  enabled  to  rest^  the  weight  iKjing  borne  alternately  at  var3'ing  inter- 
vals by  the  o[>posite  hind  legs,  Fronj  the  fact  that  the  centre  of  gravity 
in  qnadrn[>efl9  lies  nearer  to  the  anterior  than  the  posterior  extremities, 
the  fure  linilis  sustain  the  greater  part  of  tlie  weight  of  the  bo^ly.  In 
riding  two-thirds  of  the  weight  of  the  rider  are  Itorne  hy  the  anterior 
extremities  and  uiie-third  hy  the  posterior, 

hi  every  form  of  animal  locomotion  the  position  of  the  centre  of 
gravity  of  the  body  in  space  is  clianged,  inertia  tending  to  continue  the 
motion  inaugurated  by  the  muscular  contractiou  until  friction,  resistance 
of  the  atmosphere,  or  opposed  muscular  action  arrests  it. 

In  man,  movements  of  locomotion  are  much  simpler  than  in  quad- 
rupeds, and  will,  tht^refore,  be  lirst  analyzed.     The  movements  in  man 
oonsist  in  walking,  running,  and  jumping.     In  the  act  of  walking  in  man, 
liy  the  alternate  aetion  of  each  leg  the  centre  of  gravity  is  advanced  so 
tihat  at  each  step  there  is  a  moment  in  which  the  body  rests  vertically  on 
t;he  foot  of  one  leg  (say  the  right),  whik*  the  other  (the  left)  is  incMncd 
obliqueh^  behind  with  the  heel  raised  and  tiie  toe  resting  on  the  ground. 
Then  the  latter,  slightly  flexed  to  avoid  touching  the  ground,  is  swung 
forward    like  a   pendulum,  and   the   toe  of  the   moving   leg   (the  \ei\) 
then  bronght  to  the  gronnd.     On  this  point,  as  a  fulcrum,  the   body  ia 
moved  forward  by  a  propulsive  act  of  the  supporting  leg  (the  right),  the 
centre  of  gravity  becoming  thus  advanced  until  it  lies  verticallv  over  tlie 
leg  (the  left)  which  has  last  touched  the  gronnd.     The  body  then  rests 
vertically  on  the  left  foot,  the  right  now  being  directed  obliquely  back- 
ward.    The  propulsive  movement  of  the  active  leg,  the  one  concerned  in 
pushing  the  body  olf  the  ground,  gives  suflicient  impetus  to  tlie  centre 
of  gravity  to  carry  it  by  inertia  beyond  the  vertical  line  on  the  passive 
orsnpporting  leg,  so  that  this  movement  from  inertia  assists  in  swinging 
forwar*!  the  active  leg  until  it  advances  a  step  beyond  the  passive  sup- 
porting leg  (Fig,  299),     Henee,  after  the  act  of  walking  is  once  started, 
inertia  is  largely  instrumental  is  maintaining  the  mt^tion^and  but  slight 

47 


73S 


PHYSIOLOGY  OF  THE  DOMESTIC  ANIMALS. 


tiinsruliir  uxerticm  is  rct|iiireil  in  walking  on  level  ^roiuid.  In  ttscinulbjf 
ixn  iiK*niH\  however,  tlit^  nrtivo  liinl*  1i:ir  at  t»acli  step  to  elevatr  tlu*  iv«Mgbl 
of  tlir  \un\y  by  extenilinjiC  the  kiit'e-  aiict  ankle-joint  by  the  ibiglj-cxltfii- 
NoiN  iiihI  ciilf-Tiiuscles,  tlierefore  greatly  increasing  tiie  muscular  ]K»wcr 
rotiuired.  Diirini^  walking  ilit*  tnmk  leans  toward  the  active  leg,  owing 
to  the  eoiUnietitni  nf  tlic  glutei  niuseieH  niu\  Hie  tenwor  fiiseia  laUi^  aurl  U 
inclined  slightly  h»rwnrd  to  uvereome  the  resiytiiice  of  the  nir.  Tbe 
more  ruiti'iioily  tin-  trunk  is  advaneed  the  more  the  centre  of  gmvjty  ci( 
the  Utnly  tends  to  lie  in  the  line  i>r  the  active  leg,  aiul,  coiiseciuently,  tJk* 
Btrongcr  is  the  forward  pro|Milsion  of  the  body.  Hence,  in  i-apid  walk- 
ing  the  hotly  is  imire  lK*nt  forwnrd  than  in  slow  walking,  Ihiring  the 
advancing  id"  the  passive  h'g  the  iniiik  rolates  on  the  head  of  the  active 
femtn*  and  is  eompeJisnted  l»y  the  arm  of  the  side  of  the  oftclUatiug  leg 
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Via.  ^K— Tbe  DirrEaKMT  PftniTraxH  or  tur  Lkos  of  Max  t;c  Wai^xi^a, 

A«  th«  rvmrwitlait  I«k:  B.  tha  "  |i«iidnliiin  "  t«t. 

swhiging  in  the  opposite  direction,  while  that  on  the  other  side  strinp 
in  the  same  tlireetion  as  the  oneillating  leg. 

Ilnnning  is  distinguished  from  walking  by  the  fact  that  al  a  roruin 
mmnenl  the  body  is  ndsed  in  the  air,  neither  leg  tonching  the  ^«ni 
In  wrdking^  on  the  other  harid^  both  feet  rest  on  the  gronnd  for  thr 
greater  ]jart  of  tin;  ,step.  In  running  the  active  leg,  as  it  is  fiircihh  «^" 
teiuled  frfJtn  a  flexed  position,  gives  the  bmly  the  iieceeaary  ini|ietiiAji»^ 
active  leg  leaving  the  gronnd  before  the  swinging  foot  has  renclKHl  the 
ground.  There  is  thus  an  interval  during  which  both  f<H-4  are  orf  the 
gronnd,  and  as  each  foot  comes  to  the  jarround  it  executes*  a  new  swing 
without  w^aiting  for  tlie  jiendnlous  swir»g  which  occurs  in  walkru;;. 

In  jumping  the  propulsion  of  the  Iwxiy  takes  place   from  ImiiIj  M 
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^iKniiltaneously.     A  ruiiiiing  jump  inixy  be  made  higher  or  broader  than 
s^    standing  jump  from  the  additional  impetus  acquired  through  inertia. 

4.  The  Gaits  of  the  Horse. — Although  the  acts  of  locomotion  in 
<l^m]adru|H^ds  are  much  more  complicated  than  in  man,  they  may  be  all 
r<^luced  to  variations  of  three  main  types — the  walk,  the  trot,  and  the 
-raiHop.*     Since  in  quadrupeds  the  centre  of  gravity  lies  in  front  of  the 
<?«^ntre  of  the  trunk,  it  can  only  be  advanced  by  jiower  acting  from  the  hind 
c^'^trcmities,  the  fore  legs  l>eing  concerneil  simply  in  supporting  the  trunk. 
1 11  the  horse  the  posterior  extremities  are  es^wcially  fitted  for  this  act  by 
"tlie  angular  chanicter  of  their  joints,  so  that  in  the  action  of  the  extensor 
miiuscles  the  hind  legs  become  considera})ly  longer,  and  the  foot  remain- 
ing in  contact  with  the  ground,  through  the  contraction  of  the  extensors 
Xhe  result  must  Ije  to  advance  the  upi)er  extremity  of  the  leg  forward ; 
«-ii(l  the  greater  the  angles  of  the  posterior  extremity,  the  farther  the 
trunk   will    lie  advanced  in   the   straightening  of  the  himl    leg.     The 
•extremity,  which  in  the  commencement  of  the  extension  of  the  hind 
'«g  was  behind,  will  now  Ije  advanced  so  as  to  sui)port  the  trunk,  exactly 
»s  lias  been  found  to  be  the  case  with  the  swinging  leg  of  the  walking 
*uan,  which,  immediately  alter  the  impulse  of  the  active  leg,  swings  for- 
''vard,  and  then  on  its  part  assumes  the  role  of  the  propulsive  leg,  while 
^lie  previously  active  leg  now  l)ecomes  passive.     The  force  of  the  shock 
^^oininunicated  to  the  trunk  by  the  hind  legs  will  be  somewhat  diminished 
^y  the  oblique  insertions  of  the  extremities  and  by  the  angles  between 
the  single  bones  of  the  hin<l  leg,  while  in  the  fore  extremities  the  shock 
of  the  foot  striking  the  ground  will  Ik*  diminished  by  the  soft  parts, 
niiiscles  and  fascia,  which  connect  the  shoulder-l>lade  to  the  trunk. 

Before  taking  up  the  consideration  of  the  different  gaits  of  the 
^orse  the  characters  and  mode  of  production  of  the  different  movements 
^^  the  individual  limbs  first  deserve  attention,  taking  ui),  first,  the  move- 
'^^ents  of  the  fore  leg  and  then  of  the  hind  leg : — 

The  animal  being  supposed  to  be  in  the  erect  position,  l)efore  move- 
'^^^nt  of  the  fore  leg  takes  place  the  body  weight  is  first  shifted,  through 
^^Xe  contraction  of  the  pectoral  muscles,  aided  by  the  latissimus  dorsi,  to 
^-Ixe  opposite  extremity.  The  shoulder  being  elevated  by  the  rhomboid 
'^^d  trapezius  muscles,  flexion  commences  with  the  contraction  of  the 
*^vator  humeri,  approximating  the  humerus  to  the  scapula  and  diminish- 
ing the  shoulder  angle.     The  princii)al  reduction   in  the  length  of  the 

*  In  the  account  of  the  different  niovcinentB  in  the  lo^aits  of  the  hor8C  the  author  has 
Plainly  foUowed  the  analysis  i)uI)li8lK*d  hy  Briichniuller/*  Lehrbuchder  PhyBiolot^ie,"  (kx- 
^^rreicher  VierteljahreBuchriftfiir  VHerinarkunde^  liii,  1880,  pp.  97-120,  based  on  Instan- 
taneous photography.  Acknowledgment  Is  also  due  to  Colin,  **  Traite  de  Physiologic 
<^rop«ree;''  Munk, '*  Physiologic  des  Mcnschen  und  der  Saugethiere  ^"  Boeh m,  ^rcAi» 

/fir   Wiftensehaftliche  und  PraktiKche  ThierheUkunde^  Bd.  xiii  and  xiv  ;  and  Schmidt- 

Malbeim,  "  Physiologic  der  Haussaugcthicre." 
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ItoL^lioulder,  tUrough  the  action  of  tliu  extensor  |»ediss,  wliich,  with  ilie 
Hicarpul  extteusors^  converts  the  angle  of  the  im»tern-joint3  into 
istmight  line,  the  axis  of  the  pbalanges  forming  an  angle  anteriorly 
titli  the  axis  of  the  metiicarpus.  Simnltujieously  with  tbiw  movement 
tl»e  knee  becomes  extended,  tlic  axis  of  tlie  nietauiupus  forming  a 
Straight  line  with  that  of  the  radius,  this  movement  also  being  aceom- 
fjlished  by  the  contraction  of  the  metacarpal  extensors.  Finally^  the  fore- 
irm  returns  to  its  extended  position  in  a  line  with  the  ujiper  arm,  partly 
flirough  the  action  of  the  ligaments  of  the  elbow-joint  autl  partly  from 
lie  contraction  of  the  iive  olecranon  muscles.  During  this  forward 
notion  of  the  foot  in  extension  the  humerus  leaves  its  position  of  tlejxion^ 
aid  the  foot  striking  the  ground,  tlie  fore  limb  iigjiiu  l>ecomes  vertical, 
by  the  action  of  the  pectoral  latissinms  dorsi  muscles  the  body  weight 
in  transferred  to  it.     The  lever  raotion  of  the  muscles  producing 

le  movements  is  seen  in  Figs.  301  and  3(12.  Instead,  however,  of  the 
miple  motions  of  flexion  and  extension  above  described,  which 
jcur  when  one  forefoot  is  simply  raised  from  the  ground  and  again 
rt timed  to  the  Sf*me  spot*  the  Hexed  forearm  and  carpus  may  be  carried 
jyond  the  vertical  line  thruugh  the  extension  of  the  humerus  by  the 
Mitraction  of  the  various  extensors,  aided  by  the  abductors  of  the 
arnerus,  while  at  the  suine  time  the  posterior  angle  of  the  scapula 
drawn  bnekwnrd  and  downward  by  the  contraction  of  the  rhomboid 
id  trapeziits  muscles.  At  first,  in  the  forwanl  motion  of  the  lower  end 
f  the  humerus  tlexiou  is  increased,  but  the  farther  it  advances  forward 
ffl  the  more  the  scapula  rotates  backward  the  more  the  shoulder  angle 
(oomes  opened,  and,  under  the  action  of  the  adductors  of  the  htmierus, 
recte<I  outward  and  upward,  so  that  the  extensors  of  the  lower  joints 
fe  put  on  the  stretch  and  their  contraction  converts  the  flexion  of  the 
fcib  into  extension,  the  fore  leg  thus  describing  a  pendalum*Iike 
Otion,  and  in  its  extended  position  is  directed  forward  and  downward 
Id  strikes  the  groimd  in  front  of  its  previous  position  (Fig.  303 )<  Then, 
om  the  impulse  communicated  to  the  trunk  from  tlie  hind  legs,  the 
■feight  of  the  body  is  gradually  transferred  to  the  fore  leg,  which, 
f^   foot    remaining    on    the    ground,   gradually    becomes    more    and 

Te  vertical  from  the  forward  motion  on  it  of  the  trunk  (Fig.  304). 

I  however,  the  inertia  of  the  moving  body  carries  the  shoulder  beyond 
>«  vertical,   the   axis   of  the   fore   limb  is   then   directed    dow^nward 

d  Imckward,  the   a8sum|>tion    of  this  position   being   aided    by   the 

tward  rotation  of  the  scapula,  while  the  extensors  of  the  forearm  (the 

t  being  fixed  on  the  ground)  not  only  sustain  the  elbow-  and  shoulder- 
ita,  but,  by  their  contractions,  give  an  additional  forward  impetus  to 
body.     The  extreme  extended  position  of  the  limb  puts  the  flexors 

the  lower  joints  on  the  stretch  and  so  leads  to  their  contraction,  and 
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tbe  limb,  passing  now  into  flexion,  ngsiiii  describes  il»  forwanl  (teiKbl 
motion,  the  point  of  snpport  of  the  neapiita  l»cmg  the  centre  of  rutui 
while  the  hoof  dcscribci*  uu  arc  of  a  circle.     On  the  other  liiimi,  wi 


Fio.  308*— OsriLLATioN  tiF  TfiK  Flexrd  For*  Lrg     (Aftfin.) 

the  foot  is  Oil  the  groutul  the  stjouider  tk**(!i'ibem  the  Jirc  of  a  clltri 
the   centre  of  rotation  is  in  the  fool.     Tlie  combiDatioo  of  the« 

movements  in  both  fore  legs  is  seen  in  Fig.  305. 


Fio.  9M,— OariLi.ATios  of  thf  ExTExnKO  Fohk  Lko.    (<VfN.V  ' 

TlM  fbo4  WRf  mi  tli«  Kfoand  kt  /I,  the  vbi^Midvr  ilwc<ril«»  m  m*  «f  m  at  rata.  J  Jl  e 

In  the  case  of  the  hind  leg  l!exion  likewise  results  iu  a  !i| 
of  tlie  axis  of  tlie  leg  nn<l   the  rednetion  of  the  angles  1»etwei*nTI 
ferent  V>ones,     The  weight  Ix-ing  thrown  on  the  opposite 
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tile  fontmction  of  tlio  adihietors,  tlie  reuiur  is  appioneheil  to  tlie  ilium 

by  the  ctnitraction  of  the  rectus  ami  huiibar  iviul  iliue  psoaB  muscles,  the 

kiii*e  being  elevatt^tl  anteriorly  l*y  the  isehio-tihiul   nuii^ele  tunl  \hv  liocvk- 

jmnl  flext'd  b}-  the  eoutrfiitiou  ot'  the  iiK^tahirrinl  tlexor, wliose  teiiciiuoim 

imrtion,  wheu  the  stifie-joiiit  i«  flexed,  l)ecomeH  tensed  and  nieohttiiically 

rf?|)eats  tbe  action  on  the  joint  below,  the  *ligital  region  U'injr  Hexed  on 

die  Dietatarsus,     As  a  eont*etiuenee  of  tliese  tlexioitB,  [irudiieeil  uhnuKt 

"^inniltaneoiislj,  the  axis  of  the  lirab  l>ecomeB  shorter,  is  raiseil  from  the 

ground,  and  advanced  in  a  more  or  less  ohliipie  line.     That  t^jc  loot  may 

again  l*e  t>hieed  on  tbe  irronml    tlie  above  muscles  nrnst    relax  and   ibelr 

antagonists  coutrnet.     First  tbe  femur   in  extended  on  the  pelvis  by  the 

action  of  tbe  gluteus  maxiniu'^,  whose  ] principal  troclninttrie  bnuieh  acts 

as  a  lever  of  the  hrst  ciass.     The  leg  is  then  extended  on   the  thigh  by 


Fig.  M)fL — OHrll.t.ATION  i*V  TIIK  ANTEIlInK  HXTKKMITIKS,  tC^fifL) 
Thti  Mjrttn  shdWd  thai  white  ^mt  firre  tec  ■'  (Ifw^TilrtH^  ttve  iricDduhim  iiintion  thi<  >itli«r  ix  Bte>tiDf  m  I» 
iB)if«Trt  WQlll«  t^B  rifrlkt  forftlr«.t  titm<^ni<^*  t]i«  nrv,  *f  h,  Lii«  leflnhnnlderdtwril^pa  rbc  am, a'  hf  rt^intm^^ 
fmpnlMi  fivetii  iu  the  o«ntn»  ^^f  prrmvitii-  ut  the  \nAv  thnurh  th«  ctt«nHil<m  *.4  the  hitiil  t*||i.  'rh^cv  the  right 
choa,yard«*cri1«<i  tlic  ■.rc'. '/I  r*Jf.  'Tli«  nkm  f^wti^ina  nf  the  left  In^  fin  «>ti«  i«tin|>1et4i  *t«>|'  are  ittnwn  •! 
nh  f  ft  rj\  Uu9  centre  of  gtmf  It;  hmvinjt  l«eti  advafitvil  (mm  >»  U<  n. 

the  rotiileiis  mm^cles,  the  metatEirsuK  in  its  turn  re^fnininLT  its  jiowition  OE 
extension  thrcnit^h  tbe  eontrartictn  of  tbe  j^jistrorneuiins,  tbe  ditritiil  retrjon 
lieing  extended  b3^  tbe  pbabuj^eal  extensors.  The  lever  action  of  the 
muscles  which  produce  these  motions  is  seen  in  Fij(6.  249  and  251. 

In  movemerits  of  projjression  each  bind  Innb  alternately  serves  to 
^ive  an  impetus  to  tbe  body  by  passing  irtto  a  eondition  of  extreme  ex- 
tension, the  foot  Iteing  on  the  ground,  and  then,  jMiHsing  inttj  a  eondition 
of  flexion,  describes  a  pendulum  nwtion  through  the  air  until  the  fo<*t 
iK}j,tun  strikes  the  ground  in  front  of  tbe  jiosition  which  it  leiY.  Tbe  pen- 
dulum motion  commences  with  flexion  of  tbe  hip-joint  and  forward  motion 
of  the  lower  end  of  the  femur  followed  l>y  flexion  of  the  other  joints. 
The  greater  the  advanee  c>f  tlu;  knee  tbi*  greater  the  tension  of  tbe  ex- 
tensors^ until  the  Jind*  beeonu's  extended  and  its  inereusitl  lenj^th  briugsi 
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tin?  toot  to  tlie  ground,  tlir  uxis  of  the  limli  W\u^  now  »!iii*L'lcMl  vlili (]ue)rl 
downward  and  forward.  The  body  weiglil  it*  then  nliifled  to  ttii:£  limbJ 
through  the  action  of  the  adductoii*,  the  limb  aguin  passing  intonmorel 
or  less  marked  position  of  flexion.  The  croup  miHcles  then  contracting!  | 
the  iKdvis  is  advanced,  assisted  hy  the  extensors  of  the  femur,  which  fio<l  j 
a  fixed  point  in  the  knee,  while  at  the  same  time  the  gastroeuemlufl 
nuiHcle.  contracting,  opens  the  imgle  of  the  hock-joint  and  elevates  the 
pelvis  from  tlie  increuiie  in  the  length  of  the  axis  of  the  limb.  Throujilij 
these  motions  the  line  of  the  hind  leg  gradnally  l^ecomes  vertical,  passir*  j 
the  perpendicidar,  and  is  then  <lirceted  downward  and  backwani  frora( 
the  advance  communicated  to  the  body  ( Fig.  306).     When  the  higbeM  j 


Fro,  fWWl— OSPILLATtON  OF  THK  ElCTENDKD  Hll*I>  L»0.     (Oo/lH^I 

T1i«  foot  bvttiir  <fo  thn  j^roqnil  At  D,  tbe  hip-jaint  4*ivriba»  tv  mroof  a  4iif«]«,  A  B  C  Um  U»a  Af 

deiijree  of  extension  is  reached  tlie  weight  is  shillted  to  the  opposttt?  lioK 
and  after  complete  flexion  the  (>endnlum  motion  is  re[>eated. 

In  these  motions  the  hiiul  leg  does  not  move  in  the  plane  ofthelio* 
of  direction  ;  in  rapitl  movement  the  knee  and  tip  of  the  foot  arc  *om^ 
what  everted  through  the  action  of  the  iliacus  mu»cle  until  the  M 
strikes  the  ground.  In  slow  motions,  on  the  other  hand ,  especially  wku 
bea ri  n g  liea v y  w ei gh t s ,  t h e  k n ee  is  d  i  r ec t ed  i n w a rd  fro m  the  action  of 
the  adductors  and  tension  of  the  femoral  fascia,  while  the  hock  ist»\t'iicd 
thus  turning  the  toe  toward  the  median  line. 

(a)  HieWait, — In  waik{n<i  the  botly  i^  supported  by  two  le|r^  v:li!i<^ 
the  other  two  are  describing  tlic  jiendulnm  motion,  the  support  \(t^^t 
alternately  on  diagonal  feet  antl  then  on  the  two  feet  of  the  same  siJ^ 
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Imt  as  the  impulse  of  the  supportiner  feet  is  not  simultaneously  pro- 
duced, four  strokes  of  the  hoof  are  lieard  with  each  step,  but  at  unequal 
intervals;  for  when  the  Kupport  comes  fiom  the  two  feet  on  the  same 
j«ide  the  preservation  of  equilibrium  compels  h  more  rapid  shifting  of 
the  body  iveight  to  the  opposite  side  than  when  the  diagonal  limbs  are 
in  action. 

If  w*e  commence  the  consideration  of  the  act  of  walking  in  quadru- 
peds at  tlie  moment  in  which  the  one  hind  leg  after  completing  its  pen- 
tiulura  motion  comes  again  to  the  ground,  then  it  occupies  a  position  in 
whi«!h  the  axis  of  the  limh  i«  directed  from  Iwbind  forward  and  from 
h\me  (hrwiiwnrd.  Tiie  centre  of  gravity  in  consequence  of  the  propul- 
sivL'  movement  advances,  the  leg  and  trunk  describe  an  arc  of  a  circle 
around  the  foot  as  a  centre,  so  tltat  the  axis  of  the  leg  gradually 
becomes  vertical  and  then  advances,  and  the  axis  now  tends  to  become 


Wv 


^^0^mm/ 


directed  from  before  backward  and  from  above  downward.  At  this 
moment  active  contraction  of  the  extensor  muscles  occurs  and  the  leg 
which  was  the  snpportmg  member  now  becomes  an  active  propulsive 
member.  It  leaves  the  ground,  becomes  flexed,  and  swings  forward, 
the  femoral  articulation  now  being  the  centre  of  movement  and  the  foot 
describing  an  arc  of  a  circle  until  it  becomes  advanced  in  front  of 
;  its  point  of  support.  It  then  strikes  the  ground  and  the  movements 
are  repeated  {Fig»  301),  At  the  moment  ivhen  the  hind  leg  is  thus 
swinging  forward  the  fore  leg  of  the  opposite  side  is  likewise  advanced| 
the  movement  commencing  as  soon  as  the  propulsive  hind  leg  is  in  a 
vertical  line.     Tlirouijh  the  forward  movement  of  the  trunk  the  line  of 
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direction  of  the  fore  extreiiiity  Ijtjcomes  rhangeiL  so  that  msteml  of  hein^ 
vertical  it  is  dirt^^ted  froin  above  downwiird  and  from  Ijefore  l>ackwiml. 
The  foot  must,  therefore,  W  raised  from  the  ground  and  advancetl  in  the 
direction  in  which  the  trunk  is  niovintr,  tuid,  striking  the  grountU  a«:*iu  | 
becomes  vertical  at  the  moment  when  the  pendulous  hind  leg  strike* tlic  I 
ground.     At  the  moment,  then,  when  the  fore  leg  becomes  vertical,  ibe  | 
propulsive  movement  in  the  opposite  hind  leg  occurs.     Then  the  motion 
commences  in  the  opposite  hind  leg  and  fore  leg,  the  alternation  of  tbe  i 
liml>s  being  perfectly  regular.    Thus,  suppose  the  right  hind  foot  to  be  tbt  I 
propulsive  foot,  the  left  fore  foot  is  extended  on  the  ground,  tbt*  left  ] 
hind  leg  is  swinging  forwanl,  and  the  right  fore  foot  i»  just  leaving  the 
ground,  the  body  thus  being  supported  on  a  diagonal  pair  of  feet   Tbettj 
the  right  hind  foot  leaves  the  ground,  the  left  fore  foot  is  on  the  ground, 
the  limb  having  jiassed  the  vertical  hue,  tlie  left  hind  leg  is  giving  tb 
impulse  to  the  body^  while  the  right  fore  foot  is  swinging  forward.    Tb«] 
liody  is  then  snp)»orted  on  unilatend  feet,  the  support  tieing  of  shorter  j 
duration  than  in  the  l!rst  case.     Hence,  in  walking,  there  is  alwjiv!*  at] 
any  one  time  an  anterior  and  a  posterior  limb  in  the  air  and  an  aiUtTiorj 
and  posterior  limlj  acting  as  a  support,  the  limbs  being  raised  and  replaci^  I 
in  such  an  order  that  of  the  two  lind)s  in  the  air  one  i«  always  in  advaaee  | 
the  half  of  its  course  over  the  other,  while  of  the  supporting  limb»»  tu 
one  the  line  of  the  suppfjrt  is  vertical  when  the  otb^-r  firsf  r*-i.  I^s  tU» 
ground. 

In  (juadrupeds  the  lengtli  of  the  stej)  is  me^isiurti'd  by  tla-  diotante 
l)etween  the  truck  formed  l^y  each  separate  foot,  so  that  it  is,  therefore,  ^ 
twice  as  extensive  as  in  man.     When  the  hind  feet  reach  the  foot-prirtl*  j 
c»f  the  fore  feet  it  is  twice  as  long  as  the  Uise  of  support,  i>,,  the  di*- 
tauce  between  tlie  pairs  of  feet  at  rest.     As  the  motion  in  walking  ru  ' 
quadrupeds  is  produce*!  by  the  action  of  the  diagoufd  extremities,  tbf 
centi-e  of  gravity  is  first  moved  to  one  side  and  then  retunicfl  to  tfet 
centre  and  then  cast  to  the  opposite  side.     Tlie  duration  of  tbe  *J<'pi* 
dependent  U[>on  the  duration  of  the  swinging  of  the  leg.     The  hijrla'r*' 
animal  raises  its  leg,  the  nhorter  is  the  penduhim  and  the  more  nijnilljit 
swings. 

The  rapidity  of  motion  in  the  walk  in  the  horse  i^aries  froon 
two  meters  in  the  second.  In  drawing  heavy  weights  or  in  a  very  J 
walk  the  relative  movement  of  the  feet  is  somewhat  different  fnm  M 
detailed  above.  Then  the  elevation  of  each  foot  is  delayed  until  tl»p| 
porting  feet  are  firmly  on  the  ground  ;  the  body  is  then  always  m\*\^ 
on  tliree  limbs,  by  which  equililirium  is  better  i^reserved*  The  eaM 
sequence  of  movement  is,  however,  preserved. 

{b)    The  Amble.^^The  amble  is  a  modification  of  the  WAlk.»i»J* 
seen  in  the  dromedary,  giraflb,  and  occasionally  in  ruininiints,  ttal  i>^ 
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eldom  still  in  tlie  horse.     It  in  elmractoriKed  hy  tbo  fnct  tliat  tlie  elevfi- 
lion  of  the  s<?coiul  kg  mi  tlit^  smne  mde  ocenrs  sooner  tliiui  in  the  walk. 

The  walk  merges  into  the  amble  when^  the  body  being  supported  by 
the  two  legs  on  the  same  wicle,  the  two  op|>osite  legs  are  elevated  simul- 
taneously instead  of  separately,  as  in  tlio  walk  (Fig.  30B). 

In  the  walk  the  fore  leg  is  always  one-half  the  extent  of  its  move- 
ment behind  the  hind  leg  on  the  same  side,  wiiile  in  the  amble  both  legs 
on  one  side  move  together,  so  that,  therefore,  there  is  a  regular  ehange 
l>etween  the  feet  on  each  side  of  the  body.  Consequently,  in  the  aml»le 
tlie  centre  of  gravity  is  first  shifted  to  the  one  side  and  then  to  the 
other,  tlie  length  of  the  step  in  the  amble  and  walk  Ijeing  the  same.  But 
from  the  fact  that  the  supporting  liniiis  are  on  the  same  side  of  the  body» 
preserve  equilibrium  the  movements  must  be  more  rapitlly  performed 


^r 


^^/^Q^ 


Fio.  308,— Thk  Amble.    {CcUn.} 


than  in  the  walk.  The  gait  is,  tlierefore,  a  faster  one,  t!ie  greater  rapidity 
of  the  pace  being  aecomplished  by  the  reduction  of  the  time,  which  cor- 
resjwnds  to  the  half  «>f  the  duration  of  the  movement  of  one  leg^  stnee  on 
eaeh  side  one-fourth  of  tlie  time  is  saved.  The  rate  of  movement  in 
pacing  may  approach  that  of  the  trot,  the  velocity  often  rising  to  three 
meters  per  second.  Since  the  two  unilateral  propulsive  and  the  two 
tiwinging  feet  always  move  together,  and  are  always  at  one  time  in  the 
game  phase  of  motion,  the  swinging  feet  strike  the  ground  together,  so 
that  after  one  pace  but  two  strokes  of  the  feet  have  been  heard. 

In   the   mck,  which    is  simply  a  modification   of  pacii^ 
lateral  feet  act  together,  but  the   hind  leg  in   iiropulsioaj 
later  than  the  fore  foot  of  the  same  side  in  leaving  the 
strokes  of  the  feet  are  heard  in  tliis  gait,  two  nipidly 
when  the  feet  of  one  side  strike  the  ground,  separated  I 
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from  the  two  rapid  sounds  when  the  feet  of  the  opposite  side  strike  tbe 
ground. 

It  has  been  seen  that  in  the  movement  of  locomotion  in  man  ther^ 
arc  two  period*!  of  time  in  whifh  both  fei^t  itre  on  t\w  ground  and  only 
one  intervnl  in  which  only  one  foot  is  in  contact  with  the  earth,  in 
running,  on  the  other  hand,  there  is  a  moment  in  which  one  of  the  \e^ 
is  raised  up  while  the  other  is  still  performing  the  peiKiulum  motion, and» 
consequently^  both  legs  are  at  one  time  in  the  air.  This  interval  is^  liow- 
ever,  much  shorter  than  that  in  which  both  feet  are  on  the  ground. 

(c)    7'he  Trot. — The  form  of  bjcomotion  seen  in  the  horse  and  more    \ 
seldom  in  the  ox  and  other  quadrupeds  which  corresponds  to  tbe  act  of 
running  in  man  is  termed  the  trot^  in  which  the  fore  leg  completes  its 
movement  with  the  diagonal  hind  leg ;  so  thiit  iu  the  trot  the  diagonal  feet 
and  hind  limbs  at  the  same  moment  leave  the  ground  and  at  the  same 


Viii 


Fio,  3iJ»,— TUK  Teqt,    {CQHn,\ 

moment  again  reach  it.  Therefore,  in  the  trot  two  strokes  of  thefert 
on  the  ground  are  heard  at  each  step.  In  the  fast  trot  an  interval  occora 
between  this  double  stroke  of  the  feet  against  the  ground  in  which  th^ 
body  is  moving  through  the  air  with  all  four  feet  raised  from  the  ground. 
This  interval  is  variable,  usually  being  about  half  the  time  that  tlie 
feet  are  in  contact  with  the  ground. 

In  the  trot  the  impulse  is  communicated  to  the  pelvis  from  each  bind 
leg  alternately,  so  tending  to  strain  the  articulation  between  the  sftcnim 
and  vertebra*.  This  is,  however,  reduced  to  a  minimum  by  the  contnc- 
tion  of  the  ilio-s  pin  alls  of  the  opposite  side* 

In  a  very  Hist  trot  the  second  pair  of  feet  leave  the  ground  aa  9om 
as  the  first  pair  have  reached  the  vertical  position.  Each  step  in  th«  Ut)t 
is  twice  as  long  as  the  step  in  the  walk,  in  rapid  trotting  the  hind  W 
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striking  the  ground  considerably  in  front  of  tlie  track  of  the  fore  feet  and 
the  velocit}^  of  motioti  rising  to  from  eight  to  twelve  meters  per  second. 
The  walk  turns  into  the  trot  wben^  the  boiiy  being  supi)orted  on  two 
diagonal  feet,  the  opposite  hind  foot  rapidly  leaves  the  ground  and 
swings  forward  so  that  it  strikes  the  ground  simultaneously  with  the 
diagonal  fore  foot,  or  by  one  hind  foot,  as  soon  as  it  strikes  the  ground^ 
rapidi3'  passing  into  extension  simultaneousl}^  with  the  diagonal  fore 
foot. 

(d)  The  Gallop, — ^The  more  the  long  axis  of  the  body  coincides 
with  the  axis  of  the  propelling  hind  legs,  the  greater  is  the  propulsive 
power  of  the  legs.  The  angle  between  the  hind  legs  and  the  body  may 
be  increased  by  elevation  by  means  of  the  fore  legs,  and  in  the  act  of 
galloping  the  fore  legs  are  raised  up^  wbile  the  main  propulsive  power 
comes  from  the  hind  legs,  so  that  the  gallop  is  a  series  of  jumps.  Accord- 
ing to  the  rapidity  of  the  gallop  or  run  of  quadrupeds,  four  strokes  of 
the  feet  on  the  ground  are  heard  In  a  slow  gait  or  canter,  three  in  the 
ordinary  run,  and  two  in  running  at  full  speed.  Onlinarily,  the  legs  of 
the  two  sides  of  the  body  do  not  act  .nimultaneousiyT  and,  according 
as  the  right  or  the  left  hind  leg  is  extended  farthest  behind,  one  sjieaks 
of  a  right-  or  a  left-handed  gallop.  Thus,  in  the  right-handed  run,  tlie 
lett  hind  leg,  stretelicd  far  under  the  l>ody,  first  in  its  extension  gives  the 
impulse  to  the  liody,  the  right  hind  leg  at  this  moment  swinging  forward 
to  add  the  impulse  of  its  extension  a  moment  later,  while  both  lore  feet  are 
off  the  ground,  swinging  forward,  the  left  being  the  farthest  advanced  in 
commencing  extension,  while  the  right  IVire  leg  is  still  flexed.  Then,  while 
the  left  hind  leg  is  still  on  the  groiuul,  though  extended  far  behiiul  the 
body,  the  right  hind  leg  strikes  the  ground  and  adds  its  impulse  in 
extension,  while  the  extended  left  fore  foot  approaches  the  ground  and 
the  swinging  right  fore  foot  passes  into  extcJision,  Thim  the  left  fore 
foot|  reaching  the  ground,  acts  as  a  support  on  which  the  weight  of  the 
body  is  sustained,  both  hind  legs  l>eing  extended  behind  the  body,  the  left 
l>eing  farthest  extended,  while  the  extended  right  fore  loot  is  just  about 
to  touch  the  ground.  Finally,  the  right  fore  leg  reaches  the  ground  and 
receives  the  weight  of  the  body,  while  flexion  commences  in  the  left  fore 
leg,  both  hind  legs  being  now  tlexcd  under  the  body,  the  lei\  hind  foot 
being  somewhat  the  farthest  advaueed. 

At  this  moment  the  left  fore  foot  is  raised  and  the  right  fore  leg, 
which  alone  sustains  the  weight  of  the  body,  leaves  the  ground  after 
having  passed  the  vertical,  the  body  Iveing  then  entirely  free  from  all 
supi>ort,  the  fore  legs  flexed,  and  the  hind  legs  drawn  under  the  body, 
the  left  first  reaching  the  ground. 

ThuSj  there  is  a  luomeut  in  which,  alternntely,  each  limb  alone  sua- 
taius  the  weight  of  the  body,  and  a  moment  in  which  l>oth  hind  legs  are 
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pi'opelliug  tbe  body,  aihI  uiic  in  whicli  botU  fore  legs  are  8Uj>porting  it 
In  the  analysis  of  the  inovemi^iitH  of  the  liin1»K  iti  the  run  the  grfate^^t 
coiiftision  has  exis^led  n.s  to  the  fiinctionH  of  tht;  fore  limbs ;  Ibw  has  low, 
thtujks  to  instaiitfincons  photography,  been  cleared  wp.  In  the  fiM 
phice,  it  is  f>een  that  at  one  time  the  body  i.^  entirely  clear  froiu  tlie 
*;rounil,  and  that  the  weiglit  of  the  body  is  not  received  on  one  or  UjiIj 
of  tlie  fore  legs,  but  on  one  hind  leg.  ad%'anced  under  the  body  *o  lluu 
the  foot  is  nearly  under  tbe  centre  of  gmvity.  In  the  second  place,  tb 
fore  legs  do  not  t?erve  merely  a8  **  props  or  stilts  '*  for  the  supi>ort  of  tin? 
h»»ily  in  motion,  but  are  themselves  also  proj>elling  organs.  At  lir»i 
sight  tbiB  inigbl  neem  imi)ossible,  for  the  insertion  of  the  fore  hml», 
acting  on  the  bofly  at  rest,  and  l>eing  inserted  in  front  of  the  centre  of 
gravity,  conld  not  advance,  but  only  elevate  it»  as  in  rearing.  In  tiic 
rnnning  animal,  however,  the  propulsion  from  the  hind  legs  advances  tk 
centre  of  gnivity,  but  at  the  same  time  tends  to  lower  it,  and  if  tbefow 
feet  were  imrii4)vable,  the  animal  would  tend  to  fall  forward  on  its  hew il. 
Thi.H  h  prevented  by  the  Hhifting  of  the  fore  feet,  while  jit  the  ssmie 
time  a  distinct  upward  impulse  is  commuuicated  to  the  centre  of  gravity. 
ThiM  may  be  seen  in  Mr.  Muybridge's  photographs^,  where  there  h% 
distinct  elevation  of  the  body  at  eaeb  time  the  fore  legs  leiive  the  ground 
The  centre  of  gravity^  of  the  body  is  thus  acted  on  by  two  forces,  me 
from  the  hind  legs  tending  to  advance  and  lower  it,  the  other  f^om  Uie  for? 
legs  tending  If*  elevate  it ;  the  resultant  of  these  two  forces  will  evitienllr 
be  a  diagonal  between  the  two  ;  and  tbe  upward  lift  from  the  fore  feet 
will  more  tbiin  compensate  the  downward  tendency,  and  the  Ixxly  will 
l>e  lifted  an<l  advanced. 

In  this  gait  but  two  strokes  of  the  feet  are  henrd,  the  tir^t  pro- 
duced by  the  contact  of  tbe  left  hind  leg,  lengthened  by  the  fall  of  IIm 
right  hind  foot,  tlic  second  by  the  contact  of  the  lelt  fore  foot  with  «t»<- 
groun<l,  lengthened  by  the  fall  of  the  right  fore  foot.  The  intcmil 
between  the  first  and  second  sounds  is  very  short,  that  between  tb«' 
second  and  first,  while  the  hind  legs  are  swinging  through  tbe  iiir,  soni^ 
wfiat  longer.  The  length  of  the  strides  in  the  full  run  nmy  araomit  to 
six  or  seven  meters,  and  a  velocity  of  nearly  fifteen  uietei^  jkt  secon<i 
be  attaineil. 

In  a  slower  run  or  gallop  three  strokes  of  the  feet  art-  hi"*»ni  "if 
body,  as  in  the  trot,  being  supported  on  the  diagonal  lindjs.  Tlie<li^<ff- 
ence  of  this  gait  from  the  trot  t-ousists  in  the  fact  that  in  the  lattrr  tl»* 
snpport  on  the  diagonal  limbs  is  etjually  prolonged,  while  in  the  gallof 
the  sut^p<ii"t  on  one  jmir  is  longer  ihim  on  the  other*  A  conception  w 
this  gait  is  olitained  if  it  is  imagined  that  one  pair  of  feet  an?  Jicting  t* 
in  the  trot,  the  other  us  in  t!ie  movement  of  jumt)ing. 

L  In  this  gait,  when  right-handed,  the  left  hind  leg  i%  extended «■ 
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-the  ground  tuul  gives  the  forward  impetus  to  the  body ;  the  right  hind 

1^  ai\d  left  fore  leg  are  swinging  forward,  while  the  flexed  riglit  fore  leg 

iB  being  advanced.     2.  The  right  hind  foot  and  left  fore  foot  then  strike 

the  ground  and  receive  the  weight  of  the  body ;  the  left;  hind  leg  is 

extended  behind  the  body  and  about  to  leave  the  ground,  while  the  fully 

extended  right  fore  leg  is  advanced.     3.  Then  the  right  fore  leg  reaches 

the  ground  and  sustains  the  weight  of  the  body  until  the  limb  is  vertical ; 

the  left  hind  leg  leaves  the  ground,  and  the  flexed  right  hind  leg  and  left 

fore  leg  are  swinging  forward.     Finally,  the  right  fore  foot  leaves  the 

ground,  the  leg  being  strongly  flexed,  and  the  bod}'  moves  through  the 

air  from  the  impetus  from  the  left,  aided  by  the  right,  hind  leg.     The 

three  strokes  of  the  hoof  correspond  to  the  three  actions  described 

Above  as  1,  2,  and  3.     The  pause  between  the  flrst  and  second  sounds  is 

^bort,  that  between  the  second  and  third  still  shorter,  while  between  the 

third  and  first,  and  while  the  body  is  moving  through  th(i  air,  the  pause 

is  considerably  longer. 

In  this  gait,  as  in  the  run  and  long  jump,  and  occasionally  in  the 
high  jump,  the  weight  of  the  body  when  it  first  reaches  the  ground  is 
^ict  received  on  the  fore  legs,  but  through  rapid  flexion  the  hind  legs 
first  touch  the  ground. 

In  the  canter  the  action  of  all  the  limbs  is  much  slower,  the  verte- 
^>ral  column  being  more  raised,  the  gait,  therefore,  more  resembling  the 
Uigh  than  the  long  jumj).  The  fall  of  the  diagonal  feet  is  separated  by  a 
^hort  interval ;  so  in  the  canter  four  strokes  of  the  hoofs  are  heard. 

The  plates  following  page  921,  through  the  kind  permission  of  Pro- 
vost Pepper,  of  the  University  of  Pennsylvania,  and  Mr.  Muybridge,  are 
reproduced  from  the  elaborate  series  of  instantaneous  photographs  made 
\}y  Mr.  Mu3' bridge  in  the  University  of  Pennsylvania. 

5.  Other  Movements  in  tub  Horse. — (a)  Rearing — In  the  act  of  rear- 
ing the  fore  part  of  the  bod}^  becomes  raised  up  on  the  hind  extremities, 
so  that  the  vertebral  column  leaves  the  horizontal  direction  and  becomes 
nearly  vertical.  The  first  stage  of  rearing  consists  in  the  fixation  of  the 
hind  legs,  the  elevation  of  the  neck  and  head,  and  the  contraction  of  the 
back  and  lumbar  muscles,  by  which  the  vertebral  column  becomes  rigid ; 
then  the  elevation  of  the  fore  legs  commences  with  a  slight  bowing  of 
the  extremities  and  subsequent  powerful  extension,  b}' which  the  feet  arc 
raiseil  up  from  the  ground  and  become  flexed.  Then  there  is  a  powerful 
contraction  of  the  back  muscles  (the  ilio-spinal,  the  gluteal  muscles,  and 
the  ischio-tibial  muscles),  the  anterior  extremity  of  the  vertebral  column 
is  somewhat  raised  up,  its  elevation  being  assisted  by  the  drawing  down 
of  the  pelvis  by  means  of  the  lumbar  muscles,  so  that  the  weight  of  the 
body  is  now  borne  b}-  the  flexed  hind  legs  (Fig.  310).  The  vertebral 
column  ordinarily  does  not  quite  reach  the  vertical  line,  but  yet  the  line  of 


FiQ.  810.— KKAKixii.    {Colin.) 
A  B,  Hb«  of  ftction  of  ili<»-iipiniil  muneien ;  F  G.  fclutciu  mafttnnc;  O  CMidbtrt-ttbui  mwKUmi  tL 
pjiiniuitljil  |ip]U»DKktWici  tit  the  va^tisi, 

other.  Tbe  return  to  the  normal  condition  is  accomi>lishe(l  hy  tliedw] 
pin^  of  thi^  head  mid  neck,  the  return  of  the  fore  le^s  from  their  fttf^ 
to  the  extended  condition,  so  that  gravitation  alone  is  sulHcicnt  i 


iuouL  The  first  stage  of  this  act  consista  in  the  extenmon  of  the  neck 
id  the  dropping  of  the  head  toward  the  ground  between  the  firmly  ex- 
aided  fore  legfi,  while  the  hhid  legs  are  flexed  b}^  the  powerful  coiitrae- 
m  of  the  back  rauseles,  whieh  find  a  fixed  point  of  support  hi  the  hist 
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cer\ical  vertebra?.  The  pelvis  aud  posterior  part  of  the  vertebral  column 
is  raised,  this  elevation  being  assisted  by  and  coinciding  with  the  sudden 
extension  of  the  hind  legs,  the  feet  leaving  the  ground  and  being  ex 
tended  by  the  muscle**  of  the  upper  joint  of  the  leg,  the  lower  joiots 
likewise  being  subsequently  extended.  Here,  also,  both  fore  feet  are  not 
parallel  on  the  ground,  but  one  is  somewhat  advanced  in  front  of  Ik 
other.  The  hind  foot  on  the  diagonal  side  is  somewhat  sooner  nuse<i. 
and,  therefore,  further  extended  than  tlie  other  (Fig.  311).  In  this 
the  centre  of  gravity  never  nearly  approaelies  the  line  of  direction  oft 
fore  legs,  so  that  this  position  can  l^e  maintained  but  for  an  insUnt,  t 
trunk  sinking  again  by  its  own  weight,  and  is  supported  by  the  bin 
tegs,  which  are  now  tlexed  and  drawn  under  the  body. 

(c)  Lying  Down  and  Mitnng  Up, — The  first  stage  of  lying  down  io 
the  horse  consists  in  the  backward  motion  of  the  fore  feet  and  the  1 
ward  motion  of  the  hind  feet,  tiius  greatly  reducing  the  base  of  sappori 
A  sndden  flexion  of  the  fore  legs  then  occurs,  so  that  the  animal  falls  c 
its  knees;  then  tlie  hind  legs  become  flexed,  so  that  the  posterior  surfi 
of  the  ti bite  touches  the  ground.  The  act  of  lying  down,  therefore,  i 
the  horse  is  practically  falling  down.  While  lying  one  aide  of 
body  eompletelv  touclies  the  ground,  the  limbs  being  extendeti  from  Xh 
hody  either  iji  slight  flexion  or  in  complete  extension.  In  rising  up  I 
extended  extremities  are  drawn  to  the  body,  and  by  the  unilateral  actiotj 
of  the  trunk  muHcles  the  body  is  brought  in  such  a  position  that 
chest  and  alKlomen  are  in  contact  with  the  ground^  the  fore  feet  areti 
extended  on  tlie  ground,  and  a  fixed  point  for  the  back  muscles  thusbtiof 
acquired,  the  contraction  of  these  muscles  draws  the  pelvis  forward,  m 
that  the  hind  legs  are  now  enabled  to  bring  the  feet  against  thegroajxl, 
and  by  sudden  extension  of  all  the  legs  the  body  is  raised  up, 

(d)  Wa Iki ti fj  Back iva rd. — In  wa I k » n g  bac k wa ni  in  t h e  h orse  the  I 
and  neck  are  elevated,  the  spinal  column,  through  the  eontr&etion  of  it* 
muscles,  rendered  rigid,  aud  the  fore  legs  in  a  somewhat  flexed  conditicaj 
are  directed  from  above  Itackwiivd  find  tlownward.  and  then,  in  eooti 
with  the  ground,  gradually  extended,  being  assisted  by  the  contnctio«j 
of  the  pectoralis  major  and  latisstmus  dorsi,  serve  to  push  the  bodyhici-f 
ward  from  the  flexed  hind  legs.  The  backward  movement  occurs  hv  tb»J 
alternate  movement  of  the  diagonal  feet;  thus,  it  may  commence  will  I 
the  fixation  and  extension  of  the  right  fore  foot,  then  the  left  himl  foot- 
then  the  left  fore  foot,  and  then  the  right  hind  foot.  The  foot  wMcli  i*J 
raised  up  is,  however,  again  placed  on  the  ground  and  commences  i 
as  a  supporting  member  before  the  foot  which  is  next  elevated  bi 
the  ground.  Consequently »  support  continues  on  three  feel  at  one  tiiat' I 
and  the  period  of  support  lasts  much  longer  than  that  of  forwanli 
ment.   Walking  backward  in  quadrui>ed8  is,  therefore,  on  extreuMJly^ 
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gait.     In  tUiH  act  the  eeutre  of  gravity  is  not  moved  directly  forward, 
but  osc»llatt*8  from  side  to  side. 

(e)  Sunmmuifj. — In  Hwinimiii|i  the  trunk  is  almost  entirely  immersed 
ill  the  water,  the  neck  extended,  and  the  Lead  held  high.  The  horse 
swims  readily,  since  its  kings  contain  a  lurge  amount  of  air,  and  the  rapid 
movement  of  the  limbs  gives  to  the  Itody  an  impnlne  in  a  liorizontal 
direction,  the  weight  of  the  body  l>eing  largely  overcome  by  the  bnoy- 
aiiey  of  the  water.  The  movement  of  the  feet  consists  in  rapid  pen- 
tlulum-like  motions  from  before  backward,  and  the  fbrwani  motion  of 
the  l>ody  results  from  the  resistimee  whicli  the  water  otters  to  the  back- 
ward movement  of  the  feet  The  swimming  motions  in  the  horse  occur 
regidarly  in  the  same  direction  on  each  yide  of  the  boily. 

The  power  developed  by  any  median ieal  contrivance  is  estimated 

by  the  weight  multiplied  by  the  height  to  whieh  it  may  be  raised  in  one 

second;  this  is  described  as  a  kilogram  meter.     Animals,  therefore,  may 

be  regarded  as  machines,  since  they  |>ossess  the  power  uf  mising  a  weight 

to  a  certain  height     Likewise,  the  motion  of  a  weight  on  a  level  surface 

18  to  he  regarded  as  a  production  of  work,  and  whose  movement  equals 

the  sum  of  all  the  resistances  which  have  to  be  overcome  by  the  animal 

and  the  velocity  produced.     The  power  of  n  horse  is  placed,  as  an  average, 

at  sixty  kilogram  meters,  an  ox  at  sixty  kilogram  meters,  and  an  asa  at 

thirty -six  kilogram  meters.     The  average  velocity  communicated  to  the 

weight  in  work  continued  for  several  hours  each  dny  has  been  placed  in 

the  horse  at  1.25  meters,  the  ox  0.8  meter,  and  the  ass  0.8  ;  consequently 

the  unit  of  power  in  the  horse  has  been  placed  at  seventy -Jive  kilogram 

meters,  in  the  ox  forty -seven,  and  ass  twenty -nine:  so  that,  tliereftjre,  one 

horse-power  would  mean  a  i>ower  which  would  l>e  al>le  to  raise  seventy. 

five  kilograms  one  meter  high  in  one  second.     In  referring  these  figures 

to  the  body  of  animals,  it  has  been  calcnlatetl  that  the  development  of 

power  in   animals  In   one  hour,  reckoned  fiir  each    kilogram  of  body 

weight,  18 — 


u. 


In  the  horge, f*40  kilogram  meters. 

**     **   mule,         ,        .        .        .        .  mK)        -■ 

*'     •'   ass, *M0        "  '* 

**     "ox 620 

••     •'    man. 660 


In  the  application  of  animal  power  in  hauling,  or  in  employing  the 
horse  as  a  draught  animal,  resistance  has  to  l>c  overcome,  since  the  centre 
of  gravity  must  be  advanced  by  the  power  exerted  by  the  hind  extremi- 
ties (Fig.  312).  In  general,  the  hauling  power  of  an  animal,  as  in  all 
motors,  is  governed  by  the  mas«  moved,  therefbre  througli  the  weight 
of  the  animal  and  through  the  velocity  communicated.  The  power  thus 
acts  in  two  relationahips,  through  the  overcoming  of  the  resistance  of  the 


^ 
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weight  lint]  llic  transference  of  the  velocity  of  the  nnimal  to  Uie  moring 
niasB.  All  the  arrangements  of  the  hind  extreraitiej*  are  cs|>ecial)y  favor*! 
nhle  for  the  prcKiuction  of  power;  thus.  re<lnetion  of  the  anterior  jwlvie^ 
angle,  aeconipanied  hy  |u»werful  development  of  the  hips  and  luinbr' 
niuseles.  In  luiiniaU.  therefore,  with  i^hort  hones,  slight  angularity,  and | 
short  ntimeles  the  coTuUtion«  fire  nu»i*t  favoral»le  for  drawing;  heavy j 
■weights,  while  animals  with  long  hojies,  long  rnnjscles,  and  Uigiiljr  i 
angular  joints  are  especially  adaptctl  fur  spi'ed.  Tlie  position  of  lliij 
centre  of  gravity  in  the  animal  hiuly  i>4  espeeiaily  of  influence  iu  ill*  I 
developing  power.      Since    the    hody  weight   is   the   moving  fonM!  ito  I 


.^^M 


^ 


FlO.  312.— H^tTLrWO  FROM  A  COLLAR.     (CoHn.} 
Ti»  Hnt,  A  tt.  iudif%t<fn  th«  dimctifla  of  iIm  resalUct  of  the  [iPHi«lUaK  forvtt  throuch  tik«  \lMm.  Jt  P 

action  will  he  the  more  developed  the  farther  forward  liie  mnrv  of 
gravity,  since  in  this  way  the  iiower-arm  of  the  lever  will  be  incrvftiS^ 
Conserpiently,  draught  animals  sink  the  head  and  neck.  Tlie  powrr 
fleveloped  by  horwes  has  been  estimated  by  mi  sing  a  certiin  w<i^il 
to  a  certain  height  hy  a  rope  passing  over  a  pulley.  Kxt>erimfrjts  *^> 
mfidc  have  showu  that  a  moderately  strong  horse  may  raise  a  rfii'M 
of  ninety-five  kilos  in  one  seeotid  tu  0.8  meter  high,  from  whence  hor^ 
power  of  seventy-six  kilogram  meters  has  l>een  deduced.  In  the  «u»^ 
way  the  power  of  an  ox  has  been  found  to  l>c  forty -seven  aJicf  >«  ** 
twenty-nine  kilogram  meters.     In  drawing  a  weight,  the  full  power  of  n 
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animal  is  never  omplojod,  but  Ihere  is  always  a  certain  amount  of  loss 
from  friction  ami  other  causes.  As  raost  of  the  contrivances  which  are 
C'lnployetl  to  cnahle  liurscs  to  draw  weiijlit  consist  of  attachments  which 
•Applies  the  weight  to  Ihv  horse's  shfrnMurs,  the  weight  falls  in  front  of  the 
I  t^ntte  of  gravity  of  I  ho  body,  and  the  animal  may  thus  be  reganled  as 
imshin^  the  weight ;  and  as  the  mass  moved  is  the  animars  budy  plus  the 
applied  weight,  the  greater  the  latter  the  more  the  centre  of  gravity  of  the 
t^ommon  masn  will  be  advanced.  Hence,  in  drawing  heavy  weights  the 
fore  limbs  will  be  behind  the  common  centre  of  gravity,  and  they,  also^ 
in  their  extensimi  will  aid  in  ]>rope!ling  the  body. 

fi.  Special  Mt  scvlar  Meciianisms.^ — The  Voivt^. — By  the  term  voice 
is  meant  the  somid  protloced  in  man  and  the  higher  animals  through  the 
vibratifin  of  tlie  column  of  air  forced  by  the  contraction  of  the  thorax 
between  thr  vibrating  vocal  cords  of  the  larynx,     Speech,  of  which  man 
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Flo.  313k— T  UK  Human  La  k  v  n  x,  a  a  se  en 
WlTtl  THK  LARYN«oHroFK.  (Lanitoit.} 

Mia  Tdcal  cttixtf :  P..  putiiirKn  nrptianiii;  S,^  cftrtili^ 
or  SABCoriai ;    W..  cwttJafv  mC  WriiWrg ;    .V.  p.^  linoj 


FlO.  ^H.— POBlTinN  OF  THE  HUMAN  VOCAI. 

Coups  on   Uttkrino  a   Hi«h   Not». 
{Landoi*.} 


alone  is  capable,  consists  in  certain  modifications  of  the  vocal  sounds 
by  the  parts  situatetl  al>ove  the  larynx;  that  is,  the  pharynx,  mouth,  soft 
palate,  na^sal  fosste,  tongue,  teeth,  and  lips,  S{>eeeh  miiy»  therefore,  be 
described  as  articulate  voice. 

Voice  is  produced  T>y  the  imparling  of  tlie  vibrations  of  the  vocal  cords 
to  the  column  of  air  within  the  respiratory  organs.  The  means  by  which 
this  is  accomplished  is  entirely  analogous  to  that  by  which  sound  is 
produced  in  reed  iristrumcnts.  The  vocal  conls  consist  of  free  rims  of 
higlily  elastic  membrane  wh<j8e  tension  may  he  varied  by  muscular  action 
and  whose  edges  may  be  upproxiraatetl  or  separated  (Figs.  313  and  314). 
When  the  edges  of  the  vocal  cords  are  in  close  contact,  through  a  strong 
muscular  expiratory  motion  the  air  below  the  vocal  cords  becomes 
greatly  condensed  and  finally  its  tension  is  sufficient  to  overcome  the 
resistance  of  the  closed  vocal  cords ;   when  the  vocal  cords  are  thus 
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separated  air  passes  between  them,  uikI,  ooiiseijueiitly,  rarefiiction  of  tW 
ftir  below  takes  place,  wJiile  the  eords  being  elastic,  tbeir  tension  siervei 
to  again  reatlily  overcome  the  [iroputalon  of  the  air  from  the  euntnwtion 
of  the  tiiomx.  Ah  h  conseqnenee,  the  edge^  of  the  vo<.'al  cords  are  ^t 
intci  rapid  vibration  and  these  vibrations  are  eommunicate<l  to  thecolumu 
of  air  both  below  and  above  the  vocal  cords,  and  as  a  result  a  sound 
wliieh  iii  due  to  these  vibrations  is  produced  ;  the  vibrations  of  condenwi- 
tion  and  rarefaction  of  the  air  are  the  pnnei[ial  causes  of  the  tone,  wliiie 
the  cavities  above  the  vocal  cords  fulfill  the  imrt  of  resonators, 

Sonnds  produced  in  this  wa>%  bke  other  musical  sounds,  may  vary 
in  regard  to  their  pitch,  inteimity,  and  tpiality.  The  pitch  of  the  souihI 
will  depend  upon  the  length  of  the  vocal  conla,  the  ahorter  the  votil 
cords,  tlie  more  rapid  are  the  vibrations  and  the  liigher  the  pitch  of  tlie 
note  }>roduced.  The  jntch  of  the  note  is  further  dependent  \\]Km  tiw 
degrei^  of  tension  of  the  vocal  membrane.  A»  in  the  case  of  mu»tc*l 
mstnimeiits  of  a  niniilar  nature,  stringed  instnimentj?,  or  ree*!  instru- 
raents,  the  pitch  of  the  note  is  proportionate  to  the  stiuare  root  uf  tbe 
tension.  In  man  and  other  mammals  in  whom  vocal  cortls  are  present* 
the  jntch  of  the  note  may,  therefore,  be  modilied  by  varying  decrees  of 
tension  of  the  vocal  cords  through  the  action  of  ditfercnt  muscles. 

The  inienHitij  of  the  sound  depends  primarily  upon  the  8tren)jtliof 
the  blast  of  air,  so  that,  therefore,  the  more  vigorous  the  expiration,  tir 
greater  will  be  the  amplitude  of  tlie  vibration  of  the  vocal  cortls  and  tin 
greater  will  i>e  tiie  intensity  of  the  sound,  while  the  action  of  the  ilif- 
ferent  resonators  of  the  vocal  organs,  through  the  sympathetic  vibmtiou'' 
induced  in  their  cavities  by  the  vibration  of  the  column  of  air  set  int* 
motion  by  the  swaying  vocal  cords,  is  added  to  the  fundamenUl  tone 
that  is  produced  and  its  intensity  is  modified. 

The  iimhrt',  or  quality  of  the  vocal  sounds,  a«  in  other  mumcil  in- 
strtimeiits,  de[iends  upon  the  over-tones  or  hnrmonicH  which  aceompani 
the  fuudameutal  note.  Changes  in  the  shii[)e  of  the  ditferent  reifonating 
cavities  of  the  vocal  organs  will,  by  modifying  the  prominence  of  rtif- 
ferent  over-tones,  account  for  the  dilTerence  in  the  voice  of  diiferent 
animals. 

The  mofle  of  production  and  the  character  of  the  voice  differ  rm 
greatly  iti  ditfercnt  members  of  the  animal  kingdom.  Voice  may  hr  pi^ 
duced  in  all  vertebrates  possessed  of  lungs  and  larpiges,  while  in  fixbes. 
where  the  respinitiuu  is  branchial  and  not  pulmonary,  the  production  af 
voice  is  impossible.  In  invertebrates  the  sounds  produced  insuchgreit 
varietj^  are  in  no  respect  analogous  to  the  voice^  since  they  are  prodnorf 
by  entirely  different  mechanisms.  Thus,  insects  produce  sounds  fwliick 
are  especially  distinguished  for  their  acuteness)  either  by  tlic  mpi*^ 
movement  of  their  wings,  as  in  flies  and  bees,  or  by  rubbing  their  k^ 
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0  their  wing-caaes,  or  their  wing-cases  on  tacli  other  or  on  the  thorax 
r  abcloraen.  In  humming  insects  sound  may  be  produced  by  forcing 
lie  expired  air  from  tlieir  stigmata,  which  are  provided  with  muscular 
litis  and  which  are  thus  (lirown  into  vibration,  so  that  in  this  group  of 
laects,  represented  by  the  humming-l>ees  and  many  dioptera,  the  closest 
nalogj-  exists  between  the  production  of  sound  nnd  the  production  of 
uice  iu  the  vertebrates. 

A  \B 


.  mjilr- 
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TlO.  314— Inferior  Larynx  of  thk  Titrkkv.    {Griitzner,} 

j1,  durini  vni««  pr^idurtiijin  :  /I,  in  Trm  reapiraliirn.  (In  A*  md  H*  the  mturiftr  wall  It  TemoTvd.) 
m.rt.tr..  •ternotnicl>««tl  lanvcle*  in  i'imtm*;1««i  fondtti.in  in  .*  ami  A*\  Tf,,  trathn*;  r.  Tr.  R., 
ttltif*d  tn«h«»I  rttKO',  f'Tialnn  Ui*  tjm][«mniiav  with  iu  antero-ifHjflterior  bhdirc,  ►V. ;  tt.  .S>.,  hrrtnfih!!  i  m.t.  r,, 
ettarna]  tympaajr  memhrBii^:  bk  t.  i.^  tnl«mal  trmpanic  metnbrmnM  frtrctrh^d  unt  fimi  in  B  And  £'„  In  A 
and  A^  fiirntin^  aharp  folds  in  th#  1-utaan  uf  th^'bronehl ;  L.  ihr.,  ial«rbn>ajcliiaJ  litKKtnftnl;  b,,  band  ran- 
filBg  to  th«  doTVLl  wall  fA   th«  trac^h^fc. 

Animals  below  insects,  as  radiates  and  moUusks,  are  all  entirely 
ncapable  of  sound.  Among  reptiles,  certain  of  them,  such  as  frogs, 
izards,  and  other  iMitrachians,  posHcsa  true  vocal  organs.  Among  am- 
ibiljians  the  frog  has  a  larynx  provided  with  muscles,  which  produces  a 
ound  of  varying  pitch,  dei>endent  upon  the  strength  of  the  muscular 
outmction  and  the  force  of  the  expiratory  blast.  The  range  of  such 
ibrations  is,  however,  extremely  limited.  In  the  Hana  esculenia  there 
9  on  each  side  of  the  angle  of  the  mouth  a  membranous  bag  which  may 
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be  inflated  witli  air,  aocl  whoso  walls,  being  thin  ami  membranou^/irt 
tlirown  into  vibration^  aiid,  togetlier  with  the  column  uf  air  contained  in 
the  oral  chamber,  aid  in  producing  the  characteristic  resonance  of  the 
croaking  of  the  frog  (Fig.  315). 

In  birds  the  vocal  organs  are  double^  a  larynx  situated  at  the  upper 
terraitiation  of  the  trachea  and  a  syrinx  at  its  bifurcation  constituting 
a  true  vocal  organ.  Two  folds  of  mucous  membrane,  or  three  in  the  n^&ei 
of  song-birds,  project  into  each  bronehus^aud  are  so  acted  on  by  muscles 
as  to  vary  their  tension  and  a^lapt  theui  to  the  production  of  voice.  Ttie 
superior  larynx  acts  only  as  an  acceisfiory  in  the  production  of  soutiil. 
The  number  and  complexity  of  the  muscular  fibres  acting  on  these 
membranes  varies  in  proportion  to  the  range  of  voice.  In  thegallinacei 
simply  a  trace  of  muscular  flbre  can  be  recognized ;  but  one  pair  of 
muscles  is  found  in  the  eagle,  tliree  pairs  in  the  paroquet,  while  IStc 
pairs  are  found  in  song-birds.  These  muscles  have  a  common  origin  in 
the  tracliea,  and  their  other  extremities  are  inserted  into  the  lirst  ring  of 
the  bronchus.  In  addition  to  these  intrinsic  muscles  there  are  otheis 
concerned  in  varying  the  length  of  the  trachea,  so  as  to  alter  the  lengtti 
of  the  vocal  tube  and,  therefore,  the  jiitch  of  the  note  produced.  The 
superior  organ,  or  the  larynx,  is  entirely  negative  In  the  production  of 
sound,  and  the  perfornmnce  of  tracheotomy  below  the  larynx  produt'e* 
but  slight  moditication  in  the  character  of  the  sound  produced. 

In  mammals,  as  is  well  known,  the  greatest  variation  exists  in  tlie 
character  of  the  sounds  jirodiiced.     The  organs  for  the  production  of 
sound  are  here  the  larynx  and  the  upper  resonating  chaml)ers,  varying  » 
shape  and  general  character  among  each  other,  although  in  all  bnill  ofl 
the   same    general    plan    as    in   man.     The   variations  in  the   voice  ans 
dependent  upon  modifications  in  the  larynx,  in  the  depth  of  the  no-**l 
chambers,  the  shape  of  the  [ibjirynx,  of  the  various  sinuses,  ftinl  tbr 
formation  of  the  mouth  anrl  of  the  laryngeal  ventricles.     Sound  is,ia*w^ 
ever,  primarily  due  in  all  cases  to  the  vibrations  transmitted  to  tiie 
column  of  air  by  the  swaying  to  and  fro  of  the  vocal  cords,    Tbesapenor 
or  false  vocal  cords  of  man   are  absent  in  many  species  of  maminal*' 
The  glottis  of  the  horse  is  distinguished  by  the  formation  of  •  eeaii4an«r 
fold  of  mucous  membrane  lielow  the  epiglottis,  which  serves  to  form  a 
funnel-shaped  cavity.     The  laryugeal  ventricles  are  also  well  deveio|*il- 
The  voice  in  the  horse  is  produced  by  a  succession  of  interrupt^  expifv 
tory  movements,  the  tension  of  the  vocal  cords  gradually  dimini«liiiW? 
during   each  complete  expiration,  so  that,  therefore,  the  first  sound* 
produced  have  a  higher  pitch  than  the  last;  the  superior  ventricle* vt 
wanting  (Fig,  316). 

The  larynx  of  the  ass  differs  but  slightly  from  that  of  th^  b<"^ 
Here,  also,  there  are  two  vocal  cords,  the  ventricles  we  wdl  devel^ 


PHYSIOLOGY  OF  MOVEMENT- 


761 


but  the  opening  to  them  is  narrow.  The  Toice  of  the  ass  is  characterized 
by  the  fact  that  it  commences  in  an  inspiratory^  moveraent  in  the  produce 
tion  of  a  sound  of  high-pitch  and  it  terminates  in  expiration  in  the 
production  of  a  deeper  sound. 

The  larynx  of  ruminants  offers  considerable  differences  to  that  of 
soli  pedes.  The  glottis  is  short,  and  the  vocal  eord^  can  scarcely  be  dis- 
tinguished from  the  lining  membrane  of  the  kryn\%  and  there  are  no 
ventricles.  The  voice  in  ruminants  is^  therefore,  more  imperfect  than  in 
the    horse,  and  consists    of  a 

sound  of  low  pitch  capable  of  .^^Okj       S" 

but  little  variation  (Fig.  317). 

In  the  hog  below  the  epi- 
glottis is  fountl  a  large »  mem- 
branous sack,  which  fulfills  the 
purpose  of  a  re»onator»  greatly 

^  b 


Fio.   8lfi.— Larynx    of   thf    Horse 
FROM  Above  asr  BHiiiNn,  {Miitien) 

M;  rt^  ftr/t«aoid  muBclet;  rV  f/'^  arreplKlottio 

, .►  thrmV]rtvntti>d  tn'nwlu;  ii',  tme  vocal 

miiti  i,  §MAim;  6,  v«a,trlcl«a  ori&rftiii. 
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Fig.  317.— Larynx  and  Hyoid  Bone  of  Ox* 
{MfiUer.} 
1«  2.  3.  Knni  of  thv  hjc^kU  lj<>n«  :  1.  thjmU  mrtilifQ;  i,  \nir 
of  fch«  bjnid  iHi&e;  5f  And  if*,  fark  df  the  hjuid  bona;  6,  mrjrtiittlt 
«aitilmfM  j:  7,  e]>ig:lcrtti« :  ^,  i^rteold  vmitWtkga ;  V^  pottarior  eriett- 
&rjt«Doldi  luiuclei;  14},  lF«cb«*. 


strengthening  the  intensity  of  the  voice  and  giving  to  it  its  peculiar 
character.  In  the  hog  the  inferior  vocal  cordn  arc  inserted  into  the 
tracheal  border  of  the  th3*roid  cartilage  and  the  arytenoid  cfirtilages 
are  fused  together,  the  vocal  cords  are  rudimentary,  the  ventricles  are 
deep  and  communicate  with  the  interior  of  the  larynx  only  by  a  narrow 
slit.  Two  clmracterH  of  sound  may  be  produced  by  the  hog,  the  one 
of  low  pitchy  a  grunt,  which  is  the  habitual  sound,  while  another  of  very 
high  pitch  ia  only  produced  when  the  animal  is  maltreated  or  excited- 
In  the  dog  the  vocal  cords  are  well  developed,  while  the  false  vocal 
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cords  are  scarcely  pereepttblc;  the  ventricles  are  ample,  but  %hm 
openings  are  very  narrow.  The  voice  in  dogs  is  capable  of  greater  scope 
than  in  other  of  the  domestic  animals,  with  the  exception^  perhape,  of 
the  cat,  which  is  characterized  by  an  almost  equal  development  of  the 
upper  and  lower  vocal  cords. 

The  mechanism  of  the  production  of  the  voice,  therefore,  depends 
upon  the  expulsion  of  a  blast  of  air  between  two  free  membranous  rimi*, 
wliich  are  thus  thrown  into  vibration  and  whose  tension  and  position  tre 
capable  of  modihcation.  The  change  in  the  position  and  tension  of  tbe 
vocal  corals  is  accomplished  through  the  action  of  the  laryngeal  muscles. 
The  laryngeal  muscles  fultill  a  double  function.  In  respiration,  as  hM 
been  alread>'  mentioned,  the  glottis  is  widened  during  inspiration  and 
the  vocal  cords  tend  to  approach  each  other  during  expiration.  In 
production  of  voice  the  vocal  cords  are  almost  always  in  close  contact! 

The  glottis  may  be  dihited  by  the  action  of  the  crico-ar}teDoid 
muscles.  When  they  contract  the  arytenoid  cartilages  are  drawn  back- 
ward, downward,  and  toward  the  middle  line,  so  that,  therefore,  ifae 
vocal  processes  in  which  the  vocal  cords  arc  inserted  must  be  separated. 
A  large  triangular  space  is  thus  formed  between  the  vocal  coirls 
as  in  inspiration.  • 

The  glottis  is  constricted  by  the  contraction  of  the  transversa 
arytenoid  muscles,  which  extend  from  both  outer  surfaces  of  tbe 
arytenoid  cartilages  along  their  entire  length.  When  these  muscles, 
together  with  the  olilique  arytenoid,  contract,  the  ar^^enoid  cartilages 
are  approximated  and  the  glottis  closeil.  During  the  production  of 
voice  the  vocal  processes  of  the  ar^-tenoid  cartilages  must  be  closely 
approximated,  and  to  accomplish  this  it  is  necessary  that  they  be  rotat^ii 
inward  and  downward.  Tliis  result  is  brought  about  through  thf 
contraction  of  the  thyro-arytenoid  muscles,  which  are  iml>edded  in  tlir* 
substance  of  the  vocal  cords,  and  when  they  contract  they  so  rotate  ti 
arytenoid  cartilages  tliat  the  vocal  processes  tuni  inward.  The  glot 
is,  therefore,  narrowed  to  a  mere  slit  in  the  anterior  part,  while 
triangular  space  through  which  respiration  takes  place  remains  open 
po8t€riorly. 

The  vocal  cords  vary  in  tension  according  to  the  degree  of  cob- 
traction  of  the  crico-th3^roid  muscles,  which  pull  the  thyroid  caitito 
downward  and  forward.  At  the  same  time  the  crieo-arytenoid  mascl^ 
act  upon  the  arytenoid  cartilages,  drawing  them  slightly  backwtrtl 
maintaining  them  in  that  position. 

In  the  production  of  voice,  not  only  must  the  vocal  cortls  be  thrown 
into  tension  in  the  manner  above  described,  but  the  triangidar  spot^of 
the  respiratory  part  of  the  glottis  between  the  arytenoid  cartiiage^  muit 
likewiae  be  closed.     This  is   accomplished  by  the  contraction  of  tto 
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Fia.  MO.— Scheme  ok  thk    TLoauRE   or  the   Glottis   by  the  Thyho- 
AjtYTENOiB  Muscles.    {LandoU.} 

n,  II.  pofitt<!>a  of  th«  anrt«iie«d  outOwM  inrlng  *iulet  r«iritrfttV>«  ;  Xht  arr^^irs  tndicntQ  th*  dinotion 
of  moMQlu  tr&ctioD.    I  I,  Ihe  poaitioa  «f  tb«  Myte&t'ld  cartilkfH  nfUr  tht  maielM  ountrMt. 

The  thjra-arytenoid  muscle  is  the  one  which  principally  causes 
variations  in  the  tension  of  the  vocal  cords  and,  consequently,  variations 
in  the  pitch  of  the  sounds. 

When  the  muscles  acting  on  the  vocal  cords  relax  the  vocal  corda 
'tbemselvea  likewise  relax  from  the  reduction  of  the  extending  force,  and 


arytenoids,  the  former  muscle  likewise  increasing  the  tensio 
vocal  cords. 

With  the  exception  of  the  crico-thyroid  all  the  intrinsic  n 
the  larynx  are  supplied  by  the  inferior  laryngeal  nerve.  The 
laryngeal  nerve  supplies  the  crico-thyroid,  and  is  at  the  si 
the  sensory  nerve  of  the  mucous  membrane  of  the  lar3mx. 

For  the  mechanism  of  articulated  speech  the  reader  is  n 
text-books  on  human  physiology. 


SECTION  II. 
The  Physiology  of  the  Nervous  System. 

Thb  different  functions  of  the  animal  body  have  been  found  to 
require  for  their  fulfillment  divers  structures  different  in  location  and  in 
mode  of  action.     In  any  one  of  the  single  functions  of  the  animal  body, 
Biich,  for  example,  as  the  contraction  of  a  muscle,  a  number  of  processes 
are   concerned;   thus,  the  inauguration   of  the  muscular  contraction 
Inquires  the  conduction  to  a  muscle  of  a  stimulus.     The  muscle  in  con- 
txacting  uses  up  a  large  supply  of  oxygen  and  liberates  more  carbon 
dioxide  and  other  retrograde  products.    Increased  muscular  contraction, 
therefore,  necessitates  a  suppl}-   to  the  muscle  of  a  larger  amount  of 
arterial  blood  and  the  removal  from  the  bod}-  through  the  lungs  and  kid- 
neys of  the  products  of  the  waste  of  muscular  tissue.   Muscular  activity, 
therefore,  implies  accelerated  circulation,  accelerated  respiration,  and 
increased  excretion.    A  similar  complexity  may  be  traced  in  all  the  other 
different  functions  of  the  animal  body.    Each  modification  or  even  mani- 
festation of  function  implies  a  reflection  upon  the  activity  of  other  asso- 
ciated processes.     This  co-ordination  of  operations,  which  mny  be  widely 
different  in  character  and  yet  closely  interdependent,  is  accomplished  b}" 
means  of  the  nervous  system.    The  primar}-  object  of  the  nervous  83'stem 
is,  therefore,  to  link  together  different  and  widely  distant  organs,  and 
thus  act  as  the  regulator  of  the  actions  of  the  animal  body. 

In  animals  where  specialization  of  function  has  not  yet  appeared  no 
such  communication  between  different  parts  of  the  body  is  required,  and, 
as  a  consequence,  in  such  no  nervous  system  is  present.  As  we  found 
that  the  organs  of  circulation  were  largely  dependent  for  their  degree  of 
development  on  the  complexity  of  the  alimentary  apparatus,  so  it  ma}' 
be  found  that  in  a  general  way  the  nervous  system  is  developed  in  pro- 
portion to  the  muscular  S3^stera.  This  indicates  one  of  the  main  func- 
tions possessed  by  the  nervous  apparatus  for  controlling  and  modifying 
movement.  This  is,  however,  but  one  side  of  the  importance  of  the 
nervous  system. 

In  the  nervous  system  is  developed  in  the  highest  degree  the  func- 
tion of  automatism.  By  this  term  is  meant  the  power  possessed  by  the 
lowest  forms  of  protoplasm  of  receiving  impulses  from  without  and  modi- 
f3'ing  them  into  efferent  impulses,  which  may  take  on  the  form  of  motion 
as  their  most  usual  manifestation.      It  is  thus  seen  that  automatism 
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Implies  at  least  four  different  operations — the  conduction  of  afferent 
impulses^  the  reception  und  conversion  of  these  afferent  into  efferent 
impulses,  and  the  liberation  again  and  condnction  of  efferent  impolsei. 

In  the  scherae  of  specialization  of  fimetion  it  would  only  be  expected 
that  for  the  diviwioii  of  labor  we  should  also  find  that  the^e  operations 
become  separated  and  located  in  different  structures.  We  find,  therefore, 
the  nervous  system » in  accordance  with  this  purpose,  divided  intoorgnnsl 
of  condnction  and  or^^ans  of  receiving  and  liljerating  uen^o us  impulses. 

The  organs  for  transmitting  nerve  impuisea  constitute  the  ntmt 
The  organs  for  jnodifying  and  liberating  nerve  impulses  are  found  ia  the 
ganglia  or  nerve-cells  of  the  nervous  system. 

The  scheme  of  the  nervous  system,  therefore,  implies  the  preseiwe 
on  the  periphery  of  a  receptive  organ  for  receiving  external  impres&ionsi 
Such  an  organ  is  represented  by  the  terminal  filaments  of  the  «ensory 
nerves,  or,  rather^  the  nerves  of  general  or  special  sense.  It  inifihets  t 
means  of  communication  between  tliis  external  receptive  organ  and  thf 
nervous  ganglia  at  a  distance,  the  latter  possessing  the  power  of  rectir-  ■ 
ing  the  impressions  transmitted  from  the  exterior  through  the  atferent  ^ 
eensory  nerves.  Such  a  receptive  ganglion  is  again  in  connection  with  % 
cell  or  collection  of  cells  in  which  the  automatic  |)Owers  are  es|^>ccitlh 
developed,  and  which,  therefore,  modify  the  impressions  conniig  from 
without  and  con%'ert  them  into  efferent  impressions.  The  latter  are  cod* 
ducted  from  the  centre  through  the  efferent  or  motor  nerves  to  variocw 
peripheral  organs,  whether  to  the  terminal  plates  in  the  muscular  tiJWft 
or  to  glands*,  hlood- vessels,  or  the  other  structures  of  the  animal  body 

Like  all  other  organic  systems,  the  nervous  system  become*  movt 
complicated  and  diversified,  reaching  a  higher  stage  of  i>erfec*tion  in  p»»- 
jng  from  the  lowest  forms  of  nninial  life,  in  which  it  firat  Jippears,  to tl^ 
higher  examples  of  the  animal  series. 

In  the  protozoa^  the  lowest  subdivision  of  the  animal  kingdais^t 
nervous  system  in  the  sense  in  which  we  have  descrilied  it.  :i  ated 

of  nervc-t*clls  and  nerve-fibres,  is  entirely  absent.     The  un-  ^i^l 

protoplasm  fulfills  all  the  purposes  of  the  nervous  system  as  dein&iHie<i 
by  the  needs  of  such  an  organization. 

In  the  animals  belonging  to  the  group  of  infusoria,  where  we  Und  ihe 
first  appeai-ance  of  the  development  of  organs  as  seen  in  the  coatnictil* 
cilia  US  organs  of  locomotion,  the  nervous  system  has  not  apj)eaml.t^ 
movement  of  sucli  organs  being  dependent  simply  u|x>n  the  autoroiti^ 
properties  of  the  undifferentiated  protoplasm;  and  wt.*  tind  a*  an  iUn*' 
tration  of  this  that  even  in  animals  higher  in  the  sc^le,  whtfre  cLUit*^ 
organs  are  commonly  found,  that  such  are  independent  of  the  ntn^^^ 
system. 

In  the  star-fish  is  found  the  first  clear  evidence  of  nerve  fibres  ts^ 
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^ells  connected  together  to  receive  and  convey  impreHsion  (Fig,  321). 
It  consists  of  a  riftg  around  tbe  mouth  com|>oHed  of  live  ganglia  of  equal 
si2e  with  radiating  nerves.  From  this  circle  dvlicfite  tibres  may  be  traced 
into  the  ditlerent  rays,  lu  lower  zoophytes  all  traces  of  the  nervous 
system  is  wanting,  and  in  thera  tbe  functions  of  nutrition  arc  accom- 
[)li8  bed  t  h  ro  u  gb  t  he  o  pe  rat  ions  of  u  nd  i  (ie  re  n  t  ia  t  ed  pro  to  { ila  s  m . 

In  tile  molliislvs  the  nervous  a^^stem  has  reached  a  somewhat  higher 
rcirm  of  development,  and  two  or  more  ganglia  are  found  lot;ated  around 
the  gullet  and  communicating  by  nerve  fibres  with  other  ganglia  indif- 
ferent regions  of  the  body,  sending  otX  nerves  to  the  di  fie  rent  organs. 
Xj  sually  in  the  mollusks  there  is  a  cir- 
cular ganglion  located  in  the  cephaHc  ^UfcA  f 
side  of  the  animal  and  two  abdominal 
ganglia  placed  below  the  oesophagus                  ^^ 


Fig.  an.— Nebtotis  system  or  the  Star- 
Fish.    [Carus.l 


FIO.  822,— Kkkvocs  Systex   of   a  Qas- 

TEaoi'uo  Mcii.LUSK,   (Perrier.j 

t,  Mr«bn<ld  frAngllA ;  p.  {itAaA  «iiiif11i»;  «,  otocj^ti; 


and  united  to  the  cephalic  ganglion  and  the  cesopbageal  ring  (Fig*  322)» 
These  ganglia  are  frequently  connected  with  others  whose  locations  will 
vary  in  dilferent  species. 

In  the  articiilata,  represented  by  the  insects,  an n el i da,  and  crusta- 
ceans, the  nervous  system  has  become  symmetrical  (Fig:  323). 

The  ganglia  which  compo.'^e  the  nervous  system  may  be  arranged 
in  pairs  on  each  side  of  the  median  line  of  the  body,  each  pair  corre- 
sponding to  a  segment  of  the  body,  extending  throughout  its  entire 
length  and  united  to  each  other  so  as  to  form  a  lougitudinal  chain 
of  ganglia,  which  are  connected  further  by  transverse  comraisHures. 
Sometimes  the  ganglia  consist  of  a  single  median  row.  Usually  one  of 
the  ganglia  is  more  voluminous  than  the  others,  and  being,  as  a  rule,! 
located  in  the  anterior  extremity  of  the  animal,  might  be  compared 


Fio.  323.— Nervous  System  of  an  Articulate.    (Prrri^.) 
by  a  collection  of  circular  fibres  around  the  gullet  and  spoken  of  astke 
oesopha«jeal  collar. 

The  number  of  ganglia  in  the  articulata  is  very  variable;  there  dwt 
be  twelve  or  fifteen  pairs  or  but  three.  The  larger  the  number  of 
ganglia,  the  greater  their  tendency  to  fusion  along  the  middle  line. 

In  all  invertebrates  the  nervous  system  is  composed  of  suchasenes 
of  separate  and  distinct  ganglia. 
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In  vertt'brates  tlie  ni^rvfiiis  syslcm  hus  rt'iKbt^il  :l  ima*L  higher  stage 
devi'lupiueiit,  and  here  is*  pluced  iibove  the  digestive  eanal,  hi  eontra- 
itinetion  to  the  position  which  it  oceiipies  when  present  in  the  inverte- 
ates,  and  is  usiudly  inelose<l  within  a  hony  or  eartilaginons  cavity ;  it 
divided  into  a  eeplmlie  portion,  eonhned  within  the  erauiumjeonnected 
a  long  trunk  of  nerve-cells  inclosed  within  the  vertebral  canal,  con- 
tuting  the  spinal  cord  {Fig»  324)»     From  this  central  nervous  system, 


fc- 


Fio.    325.— Bhain    of    PERrw.    after    ruvXER.     {H^m^r 
Jonea,) 

D,  ofitie  ir^niilkin;  it,  PUTij>l«tneDTjiry  Inhc  ;.  11.  tranjivenie  flbrM  in  th»  wallj  nf 
th«  ovrehm]  \i!titH«l«:  N,  win  mi  mu  re  nf  tli#  oirti*  n«rve«:  P,  Q,  R,  8,  T,  U, 
tii'e  thliftl,  fniirtli,  flftb.  iiith,  teveDth^  Red  ei^htb  pair  of  ccrvbni  nervM, 


.Vlll. 


RH. 


».  SW.  — Braiw  and 
5pi?f  Ai.  Cord  uf  Man, 
Warpenier.) 


Fig.  a26.— Brain  ok  Kroo  Heen  from  Above.     |.V«ftnj 

(>f  Die  tfabrd  v«Btriel«:  L.O.  >M«tic  U»1ici(  t  mid -brain ) ;   CBLL>,  ovreltellum  (hlod- 
timJfn);  OBL,  mistlulU  rfl»T(in|tM.tii :  Kll,  rliumboidjil  sintit. 


til  from  the  bruin  and  spinal  cord,  orii^inate  series  of  fibres  which 
Ifill  the  fnnctions  of  conduction  of  both  motor  and  sensory  impulses 
d  which  extend  to  all  parts  of  the  body.  In  connection  with  this  sys- 
m,  which  is  spoken  of  as  the  eerebro-spinal  system,  there  is  usimlly  found 
Hiore  or  less  inde|»endent  series  of  ganglia,  which  constitutes  the 
mpathetic  system. 
While  such  a  cerehro^spinal  system  characterizes  all  vertebrates,  it  is 
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capable  of  great  variations  in  development  in  different  members  of  thU  I 
^^roup.     In  fishes  and  reptiles  the*  brain  is  le8H  developed  than  in  liigher  i 
members,  no  convobitioiis  iire  found  on  its  snrfrtce,  and,  wUUe  the  c«Te- 
bral  hemispheres  are  not  highly  marked,  the  optic  and  olfiiciory  lobule* 
are  nsually  comparatively  voluminous,  while  the  cerebelJuui  of  wptilii'* 
and  lislies  h  reduced  to  a  sin^de  loU*  (Fi^H.  ^25  and  32Bj. 

In  birds  the  hemispheres  or  eerebi-at  loljcs  are  stitt,  as  in  the  min^J 
mals,  the  most  voliiininonH  portion^i  of  the  l»niin,  but  here,  also,  no  cou- j 
volutions  are  luuiid  and  I  bey  are  not  elosely  united  to  each  other,  *inca| 
the  i'orpus  ealloHinn,  n^  well  an  the  pons  varolii,  ib  absent  (Fig.  32T). 

Ill  birds  the  aualo^jue  of  the  tuhereitia  <iuatlrigenuna,  which  at*  foa 
in  number  in  the  mtunmuls,  are  here  reduced  to  two^and^  therefure,  rvcri\t 
the  name  of  the  tubtreula  bigeraiuaor  optie  lobes,  and  are  visiIiIk  at  \ 
side  of  the  brain  when  looked  at  from  above. 


V-?! 


inv. 


ffifC\ 


ctk. 

cm 


W 


I.  II. 

FlO.  327*— Br  At  N  i^v  Uiuti  iFalra  huUm^,     (Xuhm,^ 
I,  rtaw  of  ujtper  ■ari^iw.    H,  visw  r>f  u^wor  vniikcHir  ^r,  v«ni>fHm;  tf^  runmm  ii>i»<Tf1iipiatln_  i 

In  birds  the  rerebelbim  is  likewise  redueed  t*»  a  single  niiKtJaii  lalj( 
and  is  entirely  uneoA*ered  b}'  the  cerebrum,  and  lioinjr  sinarie  it  jtodtitt^fi 
no  lateral  hemispheres;  the  pom*  varolii,  or  the  tr:ini*verse  fkhrt^  wbic 
serve  as  a  commissure  for  the  cerebellar  humlsplieres,  as  in  itiatanials,  j 
likewise  absent. 

The  eharacteriHtics  of  the  mammalian   brain  will  ht  eubseqtieiltl 
alluded  to. 

The  nervfuis  system  is  composed  of  central  masses  which  mn 
constant  commnuication  with  different  parts  of  the  body  Uy  raeajia 
peripheral  prolonijatious  which  act  as  orqrans  of  conduction,  Tli 
nervous  system  exists,  therefore,  under  two  forms — the  central,  compo 
largely  of  the  so-called  nervous  ^anji^lia,  or  ncrve-ccUs,  and  the  oryran^  < 
conduction^  or  nerve-fibres.  As  already  indieated,  the  ix'riphcnil  ter 
rmtions  of  the  nerves  are  likewise  in  connection  with  eortmscular  U 
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which  vary  in  iicconhuire  with  the  uimnii'ttT  of  Uu'  nerves  with  which 
they  are   in   coramiiinefition.     Tlie   ncrvtis   or   nerve-libres   aix^   simply 


F(o.  ,*i28.— Brain  anu  NERVoua  Sywtem  of  Tuffehent  Animals,  Nathbai. 

t,  hn^m  of  Jip«:  2.  doTQMtte  eaki  3,  muiml :  i,  wator-mt;  ^.  mn\«'.  A.  frtx  :  T,  qnall :  K.  Darvovi  ffTio 
tam  of  homed  bQ«tl« ;  9.  pert^h  :  /g',  fapr»ptiArTnivali  Kniurlfnti :  htf,  «ldnminal  rnncl^tnii ;  rd,  end  Kmnflloa ; 

mohh  medallft  o>h\tmK»U:  utf.  omrtury  tract;  ^.,  kmIc  !oli«:  ('A,  t)einift|ih«riwl  lot»t ',  I-IX  tin  Fif.  9K 
(<*r*tir»l  n*tv«T  wf,  fiMni»  pEAnjflifia:  hr,  hranohiiil  Mnroi;  10,  Mrfiimi  ijtltni  of  the  raAil.  /i?.  rofir*- 
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orguiis  of  conduction,  tuul  the  nerve-celb,  in  wbieli  each  nerve  at 
end  terminates,  are  for  receiving  uiid  liberating  imjiulses. 

Nerves  may  ^>e  of  two  kindf^  :  nffcrienl  or  centriiu'tjil  nerves » whiclj^ 
are  concemeil  in  tlu?  i-nrrying  of  impulses  from  the  ext<^rior  t^  the  ft-n- 
tml  organs;  snch  nerves  are   frequently  spoken  of  as  sensory  uervis 
and   etterent   or   centrifugal,    wliicL    carry   impulses    from   tbe  centrfil 
portions  of  the  uervou3  system  to  the  exterior;  such  nerves  are  ujotoi 
nerves. 

Tbese  two  distinctions  hetwecu  nerves  are  not   Itased  ou  anv  dilTd 
Cilice  iji  nnatomieal  structure,  hut  are  Himply  functional  diHerenees.  sim 
it  has  heeu    fonntl   by  experiment   tluit    nerves  may  cnvry  iujimlisf*  »B 
eitljer  diret*iion»  and  Ijy  ibvitling  a  nmtor  antl  sensory  nerve  and  eoii*| 
necting  tlie  divided  extremitiei*  of  the  one  with  the  other  the  sensory  J 
nerve,  after  union   has  taken   jihice,  may  now  earry  motor  impulses  ntui 
tlie  motor  sensory  imjjylses. 

Tbe  essentiai  part  of  the  nerve-trunk  is  the  i»<i-called  axis  cylimHj 
whicii  is  eoiui>ose<l  of  a  tbiii  tilament  of  undirterentiate<l  pn3to]»la«»  ' 
no  way  tlirterent,  as  far  as  nmy  be  delermined,  from  tiint  found  in  < 
examples  of  free  |>rotoplasuL  This  jjrotophismic  centre,  which  in  coi^l 
jx>sed  of  a  ninnl»ei'  of  tine  fibrils  aud  constitutes  the  axis  cylimlerj* 
always  covered  by  a  lldn,  Irairsputent  inenjUrane^  which  is  lerni<^l  '^'f 
primitive  sheath.  In  umny  instances  Ibis  is  the  only  coveriog  to  itir 
ultimate  fibrils  of  tlie  nerve,  such  nerves  being  calleil  non-int^ullau^i 
nerve-tibres;  in  others,  whicli  are  called  medidhited  nerves,  witUm  tin* 
primitive  sheath,  aiul  surrounding  ilirectly  the  librils  of  tlic  axis  f vlia- j 
dermis  found  a  thiek  layer  of  <louble  rcfractivesubstJiuce,  which  isterM] 
the  medullary  sheath  or  white  substance  of  Schwann  (Fig.  3i0J. 

Fstirh  nei've-trunk  eonsists  of  bundles  of  nerve-fibres  held  to^**!!*^'^. 
by  librons    eonneetive  tissue    called  the  epinenriiini.  in   whicii  Jirc  tii^l 
blood-vessels  with  which  the  nerve-trunk  is   sup|>lied.  lyrapltittcs,  tiw 
numerous  fatty  cells.     The  neurilemma  closely  resembles  sarc^ilemm* '^^ 
its  chararter;  when  subjected  to  long  boiling  lioth  yield  gelalia. 

Ganglionic  cells  or  nerve-corpusclca  vary  greatly  in  size  Thfix  i 
be  spherical,  ovoid,  |iyramidal,  or  of  other  shni>es,  ami  send  olT  u,«u»lln 
numerous  branched  processes,  which  serve  to  characterize  theeolb^j 
multipolar  nerve-c^ells.  No  cell-mend>rane  is  tiJ  be  detected,  b«t  lti*v?»*'I 
glia  arc  of  soft  consistence,  containing  numerous  granulen  and  (►ii^iM'"'| 
matter. 

The  nucleus  is  ordinarily  well  developed  and  is  dispro|K*rUoaiVJj 
large  to  the  size  of  the  cell.     Two   nucleoli  are  nearly  alway>  pr^"^ 
One  of  the  jjrocesses  of  the  ganglion  is  always  unbrauche*l  aod  farnw**| 
axis  cylinder  of  tbe  nerve  originating  or  terminating  in  such*  i^ 
A  nerve,  therefore ,  may  be  regarded   simply  as  a  process  of  n 


ill,  tljc  wUite  ?iu}»stiuit"c  of  Srliwiiun  being  adilecl  after  iLe  se{mnition  of 
le  nerve-la  lament  fnnn  the  gunglion. 
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Fig.  ;12».— The  HTRUr-rvRK  av  XKBV*>rs  TissrK.    (Lum/owr.j 

1,  jprimitirq  fthri|l«:  3,  ajiU  ir^llTKldr:  ^.  Rt^mjik'a  flbm  r  4.    infl<]TillJtt«il  varic«y<>  tkhn;  %,6,  racdtiU 

nbrt,    with    ^-'hwAnir*    ilii'uth:    C.    nfluHl^roma ;    I.  f,    lt&nrfer>    nodt«»:    Ik    whll«   nuliataibre   nf 

-man;*/."'  iirn  ;  o,  a^ia  cylinder;  x,  iii>«lin  drnt**:  7^  inihiivsriw  i»wti*m  of  iiflrv** 

;  8,  nen-  diver  nitnito;  I,  muklpiilAr  nerv«M-«lJ   from  Mnnul  ift^ :   r,  atiaJ 

r1iB<i«rpTWf ^  «:*mtt    to  th«  richt  of  it  ml  bifh^lar  i«n  :  11,  |«rtp"«riil  knaKll^^iiic  c«1l^ 

tiB»Mii<><i'-iiu>'<^  I  ii|.....c: .  ;ll,  KAttglioaic  cell,  witli,  n,  *  rptr&l,  kd^,  h,  mraiizht  iTirrM  :  m,  tliekih' 

Phe  branched  processes  of  nerve-cells  arc  not,  as  a  nik\  coiieorned 
formation  of  other  nerve-trunks  except  in  the  bipolar  or  multi- 
ir   cells,   but    are   coneernccl    in    !Kriu*5iiiir    in    communication   other 


i 
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adjacent  cells,  so  that  impulses  mny  be  eoiidiicted  from  one  to  lUe  other. 
In  the  periphenil  ganglia  connective-tissue  corpuscles  surrotimi  the 
nerve-cells; 


L      CHEMICAL      AND      PHYSICAL      CHARACXEBISTICS      OF     NEETorSi 

TISSUES. 

The  composition  of  nervous  tissue  varies  according  as  the  eiawia** 
tion  is  inude  of  the  white  matter  of  the  cerebrum  or  of  the  spinal  wttl- 
or  of  the  gray  mutter.  The  following  table  represents  their  aver*!^ 
composition : — 

CuEMtCA^L  Composition  of  Nervous  TissrK. 

Gray  M&tt«r.    While  Mmmut, 

Water, 81,0  <J8,4 

SoHds,      .......   18.4  ai.e 

Proleids. 55.4  S47 

Lecithin 17.2  9  J 

CUolesterin  and  fate*        .        .        .        .18.7  52.1 

Cerehrin,  .......       0.5  ».5 

Siihstaneea  iDsoUible  in  ether,         .        .      6.7  8.8 

Salts, 1.5  0.5 

When  !>ra  in -matter  is  ineinemted  the  greater  part  of  the  phosph^^fQi 
of  the  lecithin  becomes  phosphoric  acid,  and  the  ash»  hence,  has  aji  ^^id 
reaction*     The  following  is  the  composition  of  the  ash  of  one  huncTJTtt/ 
grammes  brain  after  removing  keithin: — 

SO.Kj 0.411 

KCl.         , 2  524 

K.HPO4 0.2m 

Cii'.p.o aoiij 

3IgHP04 0.084 

NftjHPO*,       .        , 1.753 

NnjCO, 1  I4g 

Excess  COj 0  os^> 

FeP,0„ Oir.o 

0  290 

The  reaction  of  the  gray  matter  during  life  is  said  to  be  iicid 

the  presence  in  tlie  ganglionic  masses  of  laetic  acid.     The  reaction 
the  white  matter  is  neutral  or  alkaline. 

From  the  above  table  it  is  seen  thiit  more  than  half  the  solids  in  the 
gray  matter  and  about  one-fonrth  tlie  nolids  in  the  white  matter  of  tht 
nerve-centres  consist  of  protcitls,  and  yet  our  knowledge  of  these  Ixidie* 
is  very  imperfect. 

The  jiroteids  consist  of  alliumen^  which  is  found  in  the  axift  cylind 
and  in  nerve<*eilH;   it  is  soluble  in  water  and  eoa<7ulates  at  15"^  C. 
globniin-like  substance,  which  may  be  extracted  by  mean^  of  a  10 
cent,  solution  of  common  salt»  and  which  is  |>recipitated  by  diliitioti 
water  and  by  satnration  with  salt;  and  alkali  albuminate,  which  remAllj 
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in  solution  when  ii  10  per  cfiit,  salt  Hulution  of  brain  is  bailed  j  it  may 
be  precipitated  niXvv  filtering  by  tile  atklition  of  acetic  acid. 

Xucieifi,  alno,  is  found,  especially  in  the  gray  matter;  while  in  the 
sheath  of  nerve-fibres  alter  the  removal  of  the  fatty  matters  liy  boiling 
alcohol  and  ether  a  nitrogenous  body  is  found  which  is  termed  neuro- 
keratin, and  which  iu  its  composition  appears  closely  related  to  keratin 
and  is  especially  characterized  by  the  sulphur  {2,d'd  per  cunt.)  which  it 
contains. 

Neurokeratin  is  not  affected  in  gastric  or  pani-reatie  dit^estiou  ;  it 
swells  in  caustic  [lutash  and  strong  sulphuric  acid,  but  only  dissolves  in 
these  liquids  when  boiletl. 

Gelatin  is  likewise  found  in  nerves,  but  is  evidently  derived  simply 
from  the  connective  tissue  of  their  sheaths. 

Fats  are  present  in  large  aniouuts^  especially  in  the  white  matter  and 
in  the  white  snbstance  of  Schwann,  wliich  appears  to  be  almost  solely  of 
a  fatty  usttnre. 

The  s[iecilic  constituents  of  the  brain  and  nerves  are  of  a  highly 
comjdex  character  and  may  be  divided  into  two  groups — those  which 
contain  phosphorus  in  combination  and  those  whleh  are  free  from  phos- 
phorus. As  an  example  of  the  tirst  of  theae,  ]>rotagon  may  be  mentioned, 
which,  diseuvered  l\v  Liebreiclu  has  been  regarded  by  many  chemists? 
not  as  a  distinct  body,  but  as  a  mixture  of  lecithin,  a  phosphorizerl  fat, 
with  cerebrin,  a  uitrogeuous,  non-phi >spborized  body.  Experiments  by 
Oamgee  have,  liowever,  apparently  proven  that  protagon  is  a  dertnite 
ebemical  bod3%  soluble  in  cold  alcohol  with  difHculty,  readily  soluble  in 
warm  alcohol  and  ether.  To  this  substance  Gam  gee  attiibutes  tlie  em- 
pirical formula  Ci^n„|N|POtt.  It  fonns  a  clear  solution  with  glacial 
acetic  acid. 

Cerebriu  is  an  exam[jle  of  the  special  brain-constituents  which  are 
free  from  phosphorus;  it  appears,  however,  that  cerebrin,  as  descril>ed 
hy  Miiller,  is  not  a  distinct  body,  but  a  mixture  of  cerebrin,  homocere- 
brin,  and  encephalin. 

The  entire  subject  of  the  organic  constitnents  of  the  nervous  system 
needs  to  be  re-examined,  since  on  any  matter  where  such  dinmetrically 
opposite  opinions  are  held  the  error  on  both  sides  must  be  ctuvsiderable. 

Like  the  nuiscular  tissue,  nervous  substance  when  passive  has  a 
neutral  or  even  faintly  alkaline  reaction  ;  after  prolonged  stimulation  vr 
functional  activity,  produced  in  any  way,  the  reaction  becomes  acid. 

After  death  the  reaction  likewise  becomes  acid  and  the  nerves  become 
more  solid,  thus  resembling  tlie  similar  changes  which  occur  in  muscle, 
and,  although  not  thoroughly  investigated  Jn  all  probability  are  due  to  a 
uimilar  process. 

Nerve-fibres  are  free  from  elasticity,  and  if  divided  do  not  retract  ; 
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their  cohesion » tlia*  to  their  counective-tisHue  const itueiit§,  is  confii^fM 
able.  It  hsin  been  Ibirtid  thiit  a  weight  of  one  himdred  and  ten  to  una! 
hundred  and  twenty  pounds  was  required  to  ru|>tnre  the  sciatic  nerve  ofl 
H  man  at  the  popliteitl  space.  The  nerves  lengthen  very  considemUyj 
before  breaking;  they,  therefore,  are  extensible. 

II.    NEKVOUS   IRRITABILITV, 

As  in  the  case  of  muscle,  nerve.s  are  ctipable  of  having  their  (ian^ 
tioual  activity  called  into  play  by  various  stimuli ;  they  are,  therdbft^ 
8aid»  like  nmseles,  to  possess  the  power  of  irritability. 

Stimuli  which  call   nervon^i  activity  into  existence,  like  museulir 
Btimuli^  may  l>e  either  mechanical^  thermal,  chemical,  electrical,  or  phm-  ■ 
ologicaL  by  which  is  meant  the  normal  stimuli  which  excite  the  nervous     , 
ayBtein  in  Uving  bodies. 

In  the  case  of  tlie  nervous  system  the  influence  of  varioQs  stitatiii 
may  be  made  evident »  either  by  allowing  them  to  act  upon  motor 
nerves^  w^hen  the  contraction  of  the  muscles  evoked  will  indicate  ihx 
stimulation  of  the  nerve;  or,  in  the  case  of  sensory  nerves,  by  the  pftiB 
produced  on  their  application. 

A  mechanical  irritant  produces  stimulation  of  the  nerves  by  pro* 
ducing  ehange  in  the  molecular  arrangement  of  the  nerve-ijarticle*.  V 
the  mechanical  stimulus,  which  may  be  of  the  nature  of  a  blow,  prcssotv* 
pinching,  and  stretcliiug.be  suHiciently  severe  the  nerve  may  then  becoiw 
completely  and  i>ermanenlly  destroyed,  and  tlieu  lose  its  power  at  ttal 
point  of  comlucling  impressions.  A  single  mechanical  stimulation  of » 
motor  nerve  will  |>roduce  a  single  contraction  of  a  muscle*  If  the  stimttii 
be  repeated  rapidly  at  short  intervals  the  contractions  may,  as  in  the 
case  of  electrical  stimulation,  l»e  trended  together,  and  when  the  stioiiili 
succeed  each  other  more  frequently  than  sixteen  in  the  second  a  probni:^ 
tetanic  contraction  is  produced. 

The  action  of  variations  iu  temi>erature  on  nerve-trunks  is  somcwliai 
similar  to  that  exerted  on  muscles. 

If  the  nerve  of  a  frog  be  heated  to  45°  C.  its  excitability  ib  6f^ 
increased  and  tluvn  diminishiHl,  and  the  higher  the  tem|»en4tnre  tlic 
greater  the  excitability  and  the  shorter  its  duration*  If  the  terajjeRilun- 
be  raised  above  60^  tlie  medullary  substance  becomes  disorganized  »n*l 
the  nerve  loses  its  excitability.  Sudden  application  of  cold  or  heat  a^* 
as  a  stimulus,  and  may  cause  muscular  contraction.  Increase  of  teinp^i*' 
tnrc  above  45'^  produces  tetanus  with  rapid  exhaustion  of  the  nene. 

Anytliing  which  will  rapidly  change  the  chemical  eompo^ition  of  * 
nerve-trunk  may  act  as  a  nerve  stimulus,  and.  although  such  stimolt  n>«l 
at  fnst  increase  a  nerve  s  excitability,  they  rapicUy  diminish  it*  M^ 
bility  and  often  result  in  complete  nervous  pandysis. 
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Rapid  (lesiceatioii  of  tit^rves  by  abHtrficting  the  water  comes  under 
tbe  bead  oT  a  elieinit*al  Atinmlus.  Sugar^  iirea^  glycerin,  and  many  metallic 
salts  likewise  act  as  stimuli  and  often  prodnee  paralyais. 

Nerves  may  likewise  be  thrown  into  activity  by  the  application  of 
tbe  electrical  current,  whether  on  em]>Ioying  the  constant  or  induced 
current.  When  a  constant  current  is  tillowed  to  enter  a  nerve  a  single 
con  traction  is  produced  at  the  moment  of  appHcation  of  tbe  current, 
and  no  other  apparent  eMect  is  evident  until  the  current  is  broken.  The 
breaking  of  the  current  again  causes  a  contraction  to  occur.  So»  also,  in 
sudden  increase  or  decrease  in  the  strength  of  a  constant  current 
passing  through  a  nerve  the  same  etfect  vvull  be  produced  as  on  making 

L^  breaking  the  current. 

f^  When  a  ciuistaut  current  which  is  too  feeble  to  produce  a  contraction 
IS  allowetl  to  |>ass  into  a  nerve,  and  the  strength  of  a  current  then 
gradually  increased,  the  degree  at  wliich  tbe  contraction  is  produced  is 
spoken  of  as  t!ie  minimal  stimulus.  As  the  current  increases  in  strengtlj 
the  degree  of  contractions  produced,  at  first  rapidly  and  then  more 
slowly,  increases  until  a  maximum  is  reached  ;  such  a  stimulus  is  spoken 
of  as  the  maximal  stimulus.  As  a  rule,  tiic  effect  produced  by  making 
the  current  is  more  powerful  than  when  the  current  is  broken. 

Nerves  are  more  sensitive  to  electrical  stimuli  than  muscles,  and  a 
current  which,  applied  directly  to  a  muscle,  may  be  too  feeble  to  produce 

I  contraction  may  throw  the  muscle  into  contraction  when  allowed  to  pass 

'  through  its  motor  nerve.  When  a  f^troug  current  is  allowed  to  pass 
through  a  motor  nerve  for  some  time  and  the  circuit  then  suddenly 
broken,  instead  of  a  single  contraction  the  muscle  will  be  thrown  into 
tetanus;  such  a  condition  is  especially  produced  when  tlie  positive  pole, 
or  anode,  is  nearest  to  the  muscle,  while,  when  the  negative  pole^  or 
cathode,  is  nearest  to  the  muscle,  tetanus  occasionally  fullows  the  making 
of  the  current.  This  etlect  ih  to  be  explained  by  the  production  of 
a  comlititm  which  is  known  as  electrotonus,  which  will  be  alluded  to 
directly. 

When  a  stimulu.s  is  ajjplied  to  any  part  of  a  motor  nerve  a 
condition  of  increased  excitation  is  produced  and  the  impulse  travels 
along  the  nerve,  the  direction  of  the  motion  depending  upon  the 
character  of  the  terminal  organs  with  which  tbe  nerve  is  in  communica- 
tion. When,  therefore,  a  motor  nerve  is  stimubited  the  impulse  travels 
to  the  periiibery  ;  when  the  nerve  terminates  on  a  cutaneous  surface  it 
travels  toward  the  centre,  although  it  must  be  understood  that  nerves 
may  conduct  impulses  in  either  direction  and  even  carry  impulses 
Bimnltaueously  in  ditferent  directions  without  interfering  with  each 
Other, 

The  rate  of  conduction  of  nerve  impulses  is  alK>ut  twent^'-seven 
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and  a  ijiifirter  meterH^  or  iiinely  feet ^  per  second,  in  both  motor  aii4 
sensory  lUTves,  iind  it*  intUieiK'efl  !»y  various  conditions.  Ri-duetstl 
tcmperjitnre  or  u  j^reat  in<?riMiJ^e  in  tompcriitiire  reduces  tbe  velocity  of 
nerve  impulse.  Aneleotrotoiius  decreases  the  velocity  of  oonduclioa 
while  kathelceirottjnuR  incn-ases  it. 

The  eunducticm   of  iicrvt?   impulse  is  destroyed  hy  all    conditit 
which  injure  the  nerve,  as  hy  section,  ligature,  compresaion^  or  the  u 
of    chcmiciil   an;entH  which  flestroy  its   excitahility  at  any  part  of  i 
course,  liy  the  removal  of  blood,  m'  hy  the  action  of  certain  pai&ons^ 
curare,  which   destroys   the  conductivity  of  the  terminal  motar-nervi 
11  lamented. 

Wlien  a  nerve  is  fludyeeted  to  continuetl  stimulation  the  irritdbilit 
of  the  nerve  rapidly  dirainislies;  s^nch  a  nerve  is  said  to  Ije  exhausted  or 
to  be   ill  a   condition  of  fiitigiie.     A   nerve   in   which    exhaustion  ha 
occurred  may  again  reg^ain  its  activity,  provided  the  stimulation  has  not 
been  too  excessive  or  too  j^reatly  prolonged. 

In  cold-blooded  animals  stimulation  may  be  much  more  severe  an( 
protracted  without  producing  exhaustion  than  in  warm-blooded  aninuihi, 
and,  while  nerves  are  more  slowly  affected  tlian  muscles,  the  recovery  of 
the  former  is  more  slciwiy  aectunplished  than  in  the  latter. 

When  a  nerve-filire  is  separated  hy  section  from  the  central  iierroi 
system  the  condition  of  the  nerve  will  vary  accordint^  as  to  the  functioi 
of  the  nerve.  PnH'i<led  a  nerve  he  in  connoction  with  the  nerve-<'en1  re« 
which  govern  its  nutritive  processes,  it  may  l)e  divided  at  any  |j&rt  of  i 
course  and  degeneration  of  the  nerve  will  only  occur  in  those  parts  whicli 
have  been  separated  from  the  nutritive  centre.  Thus,  for  example,  if 
motor  nerve  be  divided  the  peripheral  extremity  of  the  nerve  will 
!)ecome  disorganized,  while  the  part  still  in  connection  with  the  spinal 
cord  will  remain  intact. 

If  a  purely  sensr>ry  nerve  In?  clivifled  it  would  at  first  apjjenr  timt 
the  same  condition  prevailed;  and  if,  again,  a  mixed  nerve  Ik?  divide<l 
the  pcrijjheral  part  of  the  nerve,  including  all  its  branches,  will  degenerate, 
while  tl*e  central  parts  will  remain  intact. 

The  centres  governing  the  nutrition  of  motor  and  sensory  n©r**e« 
are  not,  however ,  as  miglit  appear  from  the  above  statements,  the  same. 

If  the  anterior  root  of  a  spinal  nerve  be  divided  before  it  Jolu«  the 
posterior  root  the  motor  fibres  in  the  spinal  nerve  formed  by  the  union 
of  Uiis  anterior  and  posterior  root  will  degenerate,  while  the  portioit 
remaining  in  connection  with  the  cord  will  remain  intact.  If  the  po^ 
terior  root  be  divided  l>etwecn  the  spinal  cord  and  its  ganglion  the  imit 
of  the  nerve  lying  between  the  point  of  division  and  the  spinal  cord  will 
degenerate,  while  the  peripheral  portions  of  the  part  between  the  point 
of  section  and  the  posterior  ganglion  will  remain  intact.     This  indicates 
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Hint  tbe  mitiititm  of  motor  riervi's  is  controlled  by  the  giuij^liH  in  the 
spinal  eord,  while  the  ganj^lion  on  the  posterior  root  controls  the  nutri- 
tion of  the  sensory  fibres.  Siieh  ganglia  controlling  nntrition  arc  spoken 
of  as  trophic  centres,  ami  nerves,  tfiercfore,  which  are  iiiepfinitecl  from 
their  trophic  centres  undergo  pernianeot  degenenition*  The  imtnrc  of 
the  itdluence  exerted  hy  trophic  centres  is,  however^  entirel}'  unknown 
(Fig.  330). 

If  a  nerve  be  tlividetl  anil  the  divided  ends  again  brought  into  con- 
tict  by  njeans  of  sutures,  regeneration  tidies  place,  and  after  a  varying 
time  the  nerve  ia  again  capable  of  conducting  impulses. 

A  B  c  n 


FIG.  JW.— Diagram   of  thk   Roots  of  a   Hpinal  Nbbve  showing  thh 
Effkcts  riK  Section.     {LamloiM.} 
The  btftck  nrntU  f«{vreNBt  thtt  deff«n<rnit«d  pikrU.     A,  i«tiUm  i4  th«  ntrvA-tmnlt  1>eyoti4  th«  Kmnxlinfi ; 
B.  «f  tb»  mnterioi' foo         ■-     -  -■  - 


r  foot,  and  C,  nt  the ftwtorinr  nM  ;  n,  cxoiiion  mf  th*  iciiiigJioii ;  »,  luiierior,  p,  ()u*t«rior 

r'  III,      THE   ELECTRICAL  PHENOMENA   IN   NERVES, 

As  in  muscles,  evidence  of  the  presence  of  a  constant  electrical 
cnrrent  nmy  Ije  found  in  nerves.  If  a  section  of  a  nerve  be  renioverl 
from  the  body  and  placed  upon  non~polarizable  electrodes  in  connection 
with  a  sensitive  galvanometer,  a  strong  electrical  current  may  be  observed 
when  the  transverse  section  of  the  nerve  is  placed  in  contact  with  one 
of  the  electrodes  and  the  surface  in  connection  with  the  other.  The 
current  will  then  pass  from  the  longitudinal  section  to  the  transverse 
section;  or.  in  other  words,  the  natural  .surface  will  l>e  positive  ami  the 
urtiticial  surface  negative.  The  nearer  one  electrode  is  to  the  equator, 
and  the  other  to  the  centre  of  the  transverse  section, the  stronger  will  be 
the  current  produced,  and  when  two  points  on  the  surface  at  equal 
distance  from  the  equator  are  coiuiected  with  the  galvanometer  no 
current  is  obtained.  The  electro-motor  force  of  the  strongest  nerve- 
rrent  has  been  placed  at  0.02  of  the  Daniells*  element. 

Like    muscle,   again,  the    natural    current    of    nerve    undergoes    a 

tive  variation  when  the  nerve  is  artiJlci all}'' stimulated.     If  a  section 

nerve  be  so  conneeterl  with  a  galvanometer  as  to  develop  a  strong 

rrent,  and  it  then  be  stimulated  either  by  the  a[>pHcation  of  electricity 

a  chemical  or  mechanical  stimulus,  the  nerve-current  will  be  found  to 
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disupp^an  This  negative  variation  travels  toward  iHitl*  ends  of  the 
nerve,  and»  Hke  tbe  production  of  the  negative  variation  of  mu^i«- 
current,  is  due  to  the  rapid  succession  of  interruptions  of  the  origin  af 
tbe  current. 

The  statement  da  regards  the  negative  variation  of  the  rjervr- 
current  when  the  nerve  is  stimulated  by  an  electrical  current  requims 
some  nKHlification.  Tlie  statement  holds  when  the  induced  current, 
eitlier  in  siuu^le  or  rapid  shoclis,  is  euiployetl.  If  the  constant  current 
be  applied  to  a  nerve  which  is  in  connection  with  the  gnlvanometer  thf 
efleet  on  tiie  nerve-current  will  depend  upon  tlic  direction  of  the  stimu. 
lating  current. 

If  tlic  constant  current  be  passed  through  a  nerve  outside  of  tlie 
part  in  connection  with  the  electrodes  of  the  galvanometer,  so  tlml  \U 
current  coincides  in  direction  with  that  of  the  nerve-current  (deseemling 
current),  the  deflection  of  the  galvanometer  needle  will  Ik»  increaseti 
instead  of  decreased  ;  such  a  state  of  affairs  is  spoken  of  as  the  positire 
pliasc  of  clectrotunus,  and  is  directly  pro|>ortional  in  its  intensity  to  tbr 
length  of  nerve,  the  strength  of  tlie  galvanic  current,  and  the  nearness 
of  application  of  tlie  stiniuhis  to  the  section  of  the  nerv^e  in  conuection 
with  the  galvanometer.  If,  now,  the  direction  of  the  constant  current 
be  reversed,  so  as  to  cause  the  constant  current  to  pass  in  the  oppo^il* 
direction  to  the  nerve-current,  the  latter  will  be  diminished ;  sucb  i 
condition  is  spoken  of  as  the  negative  phase  of  electrotonus.  By  tlif 
prinhiction  *)f  elect  rot  on  us  by  means  of  such  a  constant  poUriiiM 
current  the  excitability  of  the  nerve  is  greatly  modified,  not  only  in  the 
part  through  which  the  current  is  passing,  but  throughout  the  entire 
extent  of  the  nerve.  It  lias  lK?eii  found  that  at  tbe  positive  pole  the 
excitability  is  diminished;  this  condition  is  spoken  of  as  anelecln»^ 
tonus ;  at  the  negative  pole  the  excitability  is  increased  and  forms  tlie 
region  of  katiielcctrotonus,  the  variation  in  irritability  being  most 
juarked  in  the  neighliorhood  of  tbe  |iolcs  and  decreasing  in  proportion 
to  tlie  distance  from  the  poles. 

Between  the  poles  of  the  polarizing  current  a  point  exists  wbere  lli? 
region  of  over-sttmulation  and  under-stimulation  meet,  and  where,  con- 
sequently^ the  excitability^  of  tlic  nerve  is  unchanged  ;  such  a  point  I* 
spoken  of  as  tlie  neutral  point,  and  with  a  weak  current  lies  nearer  thr 
antKle  and  with  a  strong  current  nearer  the  kathode. 

The  prodtiction  of  this  condition  serves  to  explain  the  character  of  con- 
tractions produced  on  making  and  breaking  a  constant  current  in  a  motor 
nerve.  When  a  constant  current  is  allowed  to  pass  through  a  mol^r 
nerve,  or,  in  other  words,  when  a  current  is  closed »  the  point  of  gw*ic4t 
stimulation  is  located  at  the  negative  pole  and  spreads  from  tbis  point 
throughout  tlic  remainder  of  the  nerve.     As  a  consequence,  when  li» 
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eurrt'iit  is  closed  iUv  stiimihitioii  occurs  only  lU  tlic  iicgjitivc  [>olc  at  the 
liionieni  wbcii  elect rotoi) us  taken  jjliice.  On  the  other  hund,  with  the 
breaking  ehoek,  or  when  the  current  is  opened,  the  point  of  greatest 
St  umihition  is  at  the  anode  and  coincides  with  the  disappearance  of  the 
elect  rot  oitu». 

The  contraction  which  is  produced  on  opening  and  closing  a  constant 
current  varies  not  only  with  the  direction  bnt  with  the  strenjj:th  of  the 
current.  Very  fcclilc  currents  produce  n  contmetiou  only  on  the  closing 
of  the  current,  both  with  an  ascending  and  descending  current,  from  the 
fact  that  the  occurrence  of  kathelectrotonus  lu-oduces  a  greater  effect  on 
the  irritability  of  the  nerve  lluin  the  disuppcunince  of  anclectrotonus. 
When  the  current  is  increased  in  strength  coninictions  are  produced 
both  on  opening  and  on  closing  the  current  with  either  an  ascending  or 
descending  current.  If,  again,  the  current  is  greully  increased,  contrac- 
tion is  only  produced  on  closing  the  descending  current  and  on  opening 
an  ascending  current  This  is  to  be  explained  by  the  fact  that  with  very 
Strong  currents  the  entire  intira-polar  portion  of  the  electrotonic  nerve  is 
incapable  of  conducting  an  impulse,  and,  as  a  consequence,  ascending 
currents  can  cause  only  an  opening  contraction.  These  results  may  be 
expressed  in  the  following  table,  in  which  li  =  rest,  C  =  contraction  : — 


Weak, 

Medium, 

Strong, 


Oil 

Closing:, 
.     C 
,    C 
.     R 


AHcentnng, 
On 


Descending:. 

»m  On 

Closiaii^.     0}henmg. 

C  R 

c  c 

C  R 
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^B  The  nervous  system,  as  alread^^  indicated,  consists  of  a  combination 
^Bf  ganglion  cells  united  together  by  nerve-fibres.  The  second  element 
^"of  the  nervous  tissue,  or  nerve-cell,  is  a  mass  of  protoplasm  supplied 
with  a  nujleus  and  nucleolus,  from  which  originate  at  least  two  proto- 
plasmic Htrands  or  nerve-tibres,  which  serve  to  bind  the  diti'erent  elements 
of  the  nervous  system  together,  l^n fortunately,  it  is  not  possible  to  ob- 
tain as  decisive  results  by  experimentation  as  to  the  functions  of  the 
nerve<*entres  as  may  be  dctermiuerl  as  regards  the  tierve-dbrcs. 

The  properties  of  the  central  organs  of  the  nervous  system  can, 
therefore,  be  only  indirectly  determined-  The  nerve-centres,  by  which  is 
meant  simply  a  collection  of  nervous  ganglia,  may  lie  divided  into  two 
general  classes ;  one  group  is  located  on  the  surface  of  the  body,  and  it 
is  adapted  to  the  reception  of  stimuli  originating  in  various  external 
influences  brouglit  to  l>ear  on  the  Ixxly  stirface  ;  the  other  group  of 
nerv^e-centres  is  located  in  the  central  nervous  system ,  so-called, — in  other 
words,  the  spinal  cord  and  brain ,  or  the  cerebro-spinal  axis.     In  addiUtiia. 
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to  these  two  groups  various  so-culled  Hporadic  gauglia  are  also  to  bi 
foiTtid  iu  diflerent  parts^  uf  the  body,  wliose  functions,  while  iu  the  nmin 
of  tlie  s:iinc  character  i\h  all  nvrve-(.*clls  vvlierever  fouml,  <lifrer  aecordirig^ 
to  the  functions  of  the  organs  with  whicli  they  are  in  couneetiun  ;  thejr 
will  suh^equeiitly  receive  attention. 

Tlie  externjd  ganglia,  or  the  so-calLed  ncrve-coqmsclea,  vary  in  char* 
sicter  accordinjj:  to  tlie  nature  of  the  j^timulus  which  it  is  their  funetioa 
to  receive.  They  oiay  lie  distributed  over  the  skin  surface  and 
litted  for  recog^nition  of  tactile  and  thermic  changes,  or  they  may  \m 
Bpeeialized  for  receiving  special  sensations;  in  such  cases  they  eonstitutt 
the  orjuns  of  special  sense. 

In  addition  to  these  terminals  of  nerves,  which,  it  will  be  recog- 
iHKed,  are  simply  in  connection  with  afferent  nerves,  another  set  of  nerve*- 
corpnscles  is  in  connection  witli  the  peripheral  terminations  of  the  motor 
nerves  and  act  aa  organs  of  distribntion  for  motor  imi>uLses.  In  th 
group  fall  the  nerve-plates  on  the  volnntiiry  mnscles  and  the  ganglionic 
cells  in  the  walls  nf  the  intestinal  tul>e. 

Tlie  central  nervous  ornnglia,  located  in  the  cerehro-«*pinal  ajcis,  pos- 
sess the  power  of  develoiiintj,  /iVk^,  reflex  action;  aecond,  automatism; 
thirds  inhibition  j  fotn-fh,  anji:mentation  ;  ^/th,  co-ordirtation.  These  wiil 
be  alluded  to  in  detail. 

Nervous  centres  are  capal^le  of  receiving  impulses  brought  to  them 
througli  afferent  nerves^  niultij>lying  them,  and  rcHectinti:  the  impulses  so 
chann:cd  thron*,di  an  eiferent  nerve.  A  reflex  action,  therefore,  requires 
for  its  expression  an  atft-rent  nerve,  starting  from  some  rei'epti%'e  sur* 
face^some  stimulus  applied  to  that  receptive  surface,  a  nervous  centn?, 
and  an  etferent  nerve. 

1,  Ukflex  Action.— Reflex  actions  may  occur  in  a  numlier  of  dif- 
ferent ways,  Tlie  impulse  reaching  the  centre  through  a  sensory  nerfe  may 
be  reflected  through  a  motor  nerve  and  produce  muscular  contraction. 
Such  muscular  movements,  occurring  reflexly  as  the  result  of  stimidi,  are 
entirely  involuntary  and  independent  of  the  will.  Such  reflex  actions  are 
almost  innumerable  and  form  an  important  part  of  the  organic  acts  of  a 
living  animal.  As  examples  may  be  mentioned  the  involuntary  weep- 
ing wliifb  almost  instnntly  follows  tlie  apiilications  of  a  stimulus  to  the 
conjunctii'a,  the  movements  of  the  limbs  whi<'h  occur  on  tickling  the 
soles  of  the  feet  rlurlng  sleep,  movements  of  vomiting  which  occur  when 
the  siift  palate  or  pharynx  are  mechanicallv  irritated, coughing  following 
irritation  of  the  laryngeal  or  tracheal  mucous  membrane,  and  a  large 
number  of  other  movements  (Fig,  331), 

The  spinal  cord  otfers  the  best  examfilc  of  the  [>roduction  of  reflex 
motor  actions,  and,  in  fact,  reflex  action  may  be  said  to  be  the  main 
function  of  the  spinal  cord  and  its  ganglionic  cells  may  be  fegmrded  as 
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cdlections  af  retlex  centres.  Tbe  s[>eeial  chnrnt'ters  oT  ivlli-x  iiction  as 
pmUiit'ed  hy  the  L-omliitTtioii  of  a  Btiraulus  tliron(]:li  tbe  Ppiiml  card  will 
siibs5equently  receive  attention  more  in  detail.  At  present  a  general 
outline  of  the  production  of  such  reflex  action  is  all  that  is  needed. 

If    in    an    animal   the   cerebrum   he   rcninved    by   weclion    from   the 
spinal  cord ^— and  such  an  experiiiictit  may  be  best  pert'ornied  on  a  cold- 
blooded animal,— stimuli  applied  to  varying  parts  of  tlie  body  surface 
will  result  in  the  production  of  muscular  movement.     If  in  a  frog  the 
cerebrum  be  reiuovcd  hy  a   Mcction    Inrmintr  a  tangent  to  the  anterior 
part  of  the  tympanic  membrane^  the  frog  will  apparently  be  in  a  normal 
oondition,  as  far  as  its  posture  is  concerned.     If  after  the  shock  of  the 
operation  Iuih  passed  away   the  toe  of  such  a  frog  he  pinched^  the  animal 
livill  jump ;  or,  in  other  wonls,  conduction  of  the  sensory  impulse  to  the 
s^pinal   cord  is  reflected  in  the  complicated  co-ordinated  movement  of 
jumping.     It  is  evident^ therei"ore,  that  the  sensory-  impulse  is  not  simply 
reflected    from  the  nerve-ceil,  but  that^  reaching  the  nerves- ell,  it  may 
there   be    converted    into    alfercut    injpnbes 
i^hieh  may  be  of  the  most  complex  character. 
Coughing  ami  sneezing,  also^  are  iilustra- 
tinns  of  this  state nieut^  where  the  slit|fhtest 
meehaincal  irritation  of  various  parts  of  the 
res])iratory  mucous  meml>raiie  may  produce 
complex  luuseular  movements  which  are  out 
of  all    proportion   in    their   complexity   and 
vigor  to  the  a  tie  rent  impulses  vvluch  inaugu- 
rate   ttiem.       While    this    is,    however^    to    a 
eertain  degree  true,  within  lindts  the  nature 
of  the  eflerent  impulse   is  depemlent  upon  the  nature  of  the  aflerent 
impulse. 

If  after  removing  the  cerebrum  from  a  frog  the  flank  of  the  animal 
he  gently  stroked,  muscular  movement  will  occur  simply  as  feeble 
twitching  of  the  muscles  at  the  point  of  stimulation.  If  the  stimulus 
be  increiised  in  intensity  the  neighboring  muscles  are  also  imjilicnted, 
and  a  still  further  increase  in  severity  in  irritation  may  lead  to  the 
iniplication  of  nearly  all  the  muscles  of  the  body. 

A  counection  may  also  be  recognized  between  the  locaHty  of  stimu- 
lation and  the  nature  of  the  resulting  movement;  thus,  stimulation  of 
the  larynx  will  invariahly  cause  coughing  ;  of  the  mucous  memhrane  of 
the  nostril,  sueezing;  of  the  mucous  memhrane  of  the  eye,  weeping  and 
hichrymation^or,  to  go  back  to  the  lower  animals,  reflex  action  following 
from  a  stimulus  applied  to  the  skin  of  the  Itrainless  frog  will  be  so 
adapteil  as  to  remove  the  irritating  hody.  Thu«.  if  a  scrap  of  paper 
moistened  with  acid  \m  placetl  on  the  right  (lank  of  such  a  frog,  the 
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right   foot  will    be   gmdiiall}^  drawn    up  aiul  swept  over  the   point 
stiinulntion  to  reinovc  the  stiiiniliis.     The  aiiparciitly  purposeful  eUar- 
acter  of  such  an  action  is  still  more  strongly  manifestted  if  in  &neh 
experiment  the  riglit  foot  be  firmly  held;   after  a  few  ineffectual  coi 
tractions  of  the  muscles  of  the  right  kg  the  left  leg  will  then  be  dmwiij 
nj)  to  remove  the  otl'emling  body*     In  all  cases,  t  lie  re  fu  re,  except  tti  tUoi 
of  the  very  simplest  character,  the  resulting  motion  produced  reflectivel 
from  a  stimulus  is  out  of  all  proportion  in  complexity  to  the  nature  of 
the   stimulation.      This   complexity   is    much    more   marked   when   the 
stimulus  is  applied  to  the  terminal  corpuscles  of  sensory  nerves,  aa  in 
the  ease  above  alluded  to. 

If  the  stimulation  be  applied  to  a  sensory  nerve-trunk  the  charact<*f! 
of  the  resultant  reflex  action  is^  as  a  rule,  of  simpler  chamcter;  or, 
least,  is  to  a  certain  extent  free  from  the  apparent  purposeful  ciiaractev 
noticed  above.  Thus,  for  example,  if  an  induced  current  be  applied 
the  central  end  of  a  divided  sciatic  nerve  general  convulsive  movements 
are  produced,  but  no  apparently  co-ordinate  attempt  to  remove  th© 
stimulus  can  be  detected,  even  with  the  employment  of  the  weakest  c«m 
rent.  It,  therefore,  is  evident  that  the  character  of  the  reflex  action 
depeiuls  u|>ou  the  nature  of  the  locality  of  application  and  intensity  of 
the  atfeivnt  impulses, 

2.  Automat fSM.— By  automatisra  is  meant  the  power  possessed  by 
nerve-centres  of  apparently  originating  nervous  impulses.  It  is.  how- 
ever, difficult  to  draw  a  line  between  so-called  automatic  action  and 
reflex  action.  Thus,  the  act  of  respi ration » which  is  a  ftivorable  example 
of  the  80<"alled  automatic  action,  is  in  all  probability  due  to,  or,  at  any 
rate,  largely  governed  by,  the  chariicter  of  the  impulses  brought  to  that 
centre  through  the  various  atferent  nerves.  So,  again,  the  regulation  of 
the  calibre  of  the  blood-vessels,  which  is  controlled  by  the  automatie 
power  of  the  vaso^motor  centre,  is  again  largely  modiiieii  by  the  nature^ 
of  the  afferent  impulses  brought  to  it. 

The  clearest  example  of  pure  automatic  action  is  to  be  found  in  Um 
pulsatifms  of  the  excised  henrt^  As  was  seen  in  the  chapter  on  ojn*ula* 
tioti,  the  lieart  might  be  rcmovetl  from  a  ei4d-bloo<ied  animal  and  yet 
preserve  for  many  hours  its  power  of  rhythmical  contraetiun,  and  i^ 
was  demfuistrated  that  such  aiitomutic  action  was  the  result  of  the 
fuuctifju  of  tlie  nervous  ganglia  fnund  in  the  heart. 

So,  also,  the  movements  of  the  alimentary  canal  were  deseribed  aa  A 
of  an  automatic  character,  for  although  tlieir  ohai^ncter  is  induenred  bv 
the  contetits  of  the  intestinal  tnltc,  just  m  the  movements  f»f  the  heart 
might  be  influenced  by  various  aHercnt  impulses,  the  movements  of  the 
intestine  may  occur  in  an  empty  condition  of  the  bowel  or  they  may  W 
absent  when  the  canal  is  tilled.     In  the  spinal  cord,  therefore,  emire^ 
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^H  tre  found  which  are  capable  of  regularfy  and  rhj^thmically  governing 
^m  complex  movements,  and,  to  that  extent,  it  is  automatic:  the  brain, 
^m^  bowever,  as  the  seat  of  mental  activity,  perception,  volition,  thought, 
W  tod  memory,  is  the  highest  expression  of  the  automatic  functions  of 
■  iiervous  centres.     The  automatic  functions  of  the  cerebrum  vrih  sub- 

r  tequently  receive  consideration  in  detail. 

3.  Inhibition. — In  a  number  of  examples  which  were  given  as 

^'lustrations  of  reflex  action,  as  is  well  known,  the  will  by  its  exertion 

^DiiKj  prevent  the  appearance  of  the  ordinary  reflex  result  of  the  stimulus. 

TIahs,  for  example,  touching  the  eyeball  tends  to  result  in  the   pro- 

^•^^tion  of  winking;  touching  the  throat,  movements  of  vomiting  and 
^^:^ "Wghing ;  tickling  the  soles  of  the  feet,  contractions  of  the  muscles  of 
*t^  ^  legs.  All  of  these,  as  is  well  known,  may  be  controlled  by  a  volun- 
^^■^»y  impulse. 

One  of  the  clearest  illustrations  of  such  inhibition  of  reflex  action 
id  of  its  development  by  education  is  seen  in  the  mechanism  of  defee- 
Ltion.    In  the  lower  animals  defaecation  is  a  purely  reflex  action  and,  as 
descril)ed,  results  from  the  contact  of  the  faecal  mass   with  the 
Lacous  membrane  of  the  rectum. 
■  In  infants,  likewise,  the  same  state  of  aflairs  occurs.     B>'  education 
^Xie  will-power  is  capable  of  inhibiting  the  opemtions  which  result  in 
^^efaecation,  or,  in  other  words,  checking  the  action  of  the  nerve-cells 
^^hich  control  the  co-ordinated  movements  in  this  process. 

A  number  of  other  illustrations  might  be  given,  of  which,  perhaps, 
t;he  clearest  instance  is  seen  in  the  action  of  the  heart. 

If  the  pneumogastric  nerve  be  stimulated  in  an  animal  in  whom  the 
lieart  is  beating  in  a  normal  manner  with  an  interrupted  current,  the 
heart  is  almost  immediately  slowed  and  may  even  be  brought  to  a. stand- 
still ;  such  a  result  is  explained  by  the  statement  that  the  pneumogas- 
tric contains  cardio-inhibitory  fibres  whose  stimulation  arrests  the 
automatic  action  of  the  motor  ganglia  of  the  heart. 

4.  Augmentation. —  In  contradistinction  to  inhibition  an  afferent 
impulse  may  increase  action  of  nerve-centres.  Thus,  for  example,  the 
vaso-motor  centre  located  in  the  floor  of  the  fourth  ventricle  controls 
the  calibre  of  the  blood-vessels  and  keeps  their  walls  in  a  state  of  con- 
traction. The  action  of  the  vaso-motor  centre  may,  however,  be  aug- 
mented through  various  aflerent  impulses,  the  most  striking  of  which  is 
seen  in  the  great  increase  of  blood  pressure  which  follows  stimulation 
of  sensory  nerves  in  curarized  animals. 

6.   Co-ordination. — By  this  term  is  meant  the  power  possessed  by 

the  cells  of  the  central  nervous  system  of  combining  complex  muscular 

•      movements  ordinaril}'^  of  a  reflex  nature.     Thus,  for  example,  the  act  of 

deglutition  necessitates  co-ordinate  action  of  a  large  number  of  different 
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groups  of  muscles,  which  must  in  their  contraction  follow  each  other  in  a 
certain  tlefliMte  st?qncnce;  bo^  also,  the  act  of  coufifhhig  rcquirL'S  the  iif^'i4JCt».J 
tion  of  ii  iiuint>cr  of  diflerent  luuscuiar  movements.   N umeroiis  utlier  ilia 
trations  might  be  given  of  tha  com Inimti on  of  complex  moveiuents  wliii! 
are  governed  by  so-termed  eo-ordinntiiig  ccntroi^ ;  that  is,  a  collef  tioo  of 
ganglia  located,  usually,  in  the  spiuid  cord  or  medulla  oblongata  whid|l 
govern  certain  sjiecific  movements. 

Y,  THE  FUNCTIONS  OF  THE  SPINAL  CORD. 
The  spinal  cord  is  contained  within  the  vertebral  canal  and  is  i 
posed  of  white  matter  externany  and  gray  matter  internally,  incloW  in  \ 
membranous  sheaths  of  which  the  pia  mater  18  adherent  to  the  wliit« 
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Fig.  3?e.— Transvekse  SKcrroN  of  the  SriXAU  Com>.    C  Z>triff«iCK ) 

In  the  catitre  {«  ttit  butt^rflr-fttrm  nt  t>i«  gny  ta»iU»r  vumxindW  l>r  white  nuitBv.  p^  iwMmw,  hA 
a,  nnt<sri(jr  hurnai  at  tli*  frftjr  ia»(t«r;  PR  |>g«t«irif>r  rw><a,  AK  MiMfigr  roul«  of  ft  Wfiaai  ■ctwil  A  4 
the  trhito  AntArkor,  I#  L  kht  Utw*!,  P  P  tti«  )Hi«torior  oblunMiSL 

matter;  externally  is  fonnd  tljc  dura  mater,  which  lines  the  vertebnl  | 
canal  and  forms  a  protective  coat  for  the  cord,  whik*  l^etwe1^n  Uietwoi^  I 
fu utid  the  arachnoid  membrane. 

The  white  matter  of  the  spinal  cord  is  composed  of  iM?ne-fil«''* 
arranged  longitudiiudly  and  divided  into  the  so-called  anterior,  UlrnJ^ 
and  posterior  colnmns  by  the  i)assage  of  the  roots  of  the  spinal  nerv<* 
The  anterior  lissnre  is  a  dei>ression  which  separates  the  two  unUrJ^ 
columns  of  the  cord,  which  are  bouutlcd,  therefore,  on  one  side  hjtk 
fissure  and  on  the  other  by  the  points  of  odgiii  of  the  antenor  ff"*^ 
nerve-roots. 

The  anterior  Assure  does  not  extend  down  to  the  gray  raatt^T*  wliirl 
composes  the  centre  of  the  cord,  but  is  separated  from  it  by  tin?  *^^ 
commissure* 
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Between  the  origins  of  the  anterior  and  posterior  nerve-roots  are 
fountl  the  hitenil  columns^  while  the  jxtsterior  coluiuiift  me  foiHifl  lietween 
the  origin  of  the  posterior  iierve-ru«*ts  ami  the  p<jsterior  iissure,  wliidi  ig 
deei»er  thjui  the  anterior,  extending  eonipleteiy  down  to  the  gray  matter, 
ttnd  tilled  np  by  an  inner  hiyiT  of  \m\  nmter  (Fig-  332). 

In  eerUiiii  regions  of  the  eunl  each  [MJSitt'i'ior  eolnnin  may  1»e  Biibdi- 
vided  into  an  inner  part  lying  next  the  fissure,  the  post ero-med tan,  or 
column  of  Goll,  and  a  hir^er  part  next  the  posterior  nerve-roots,  the 
poiU^ro^siernul  oreolumn  of  IJurdach. 


Flo,  SSX-^TaAxsvERfiK  Bkction  or  the  Simnj^l  Corns  iw  tub  Ckrvjcal 

liEOIUJt,  AFTElt  BBVAN  LKWIH.  {  Veo.l 
A,  Anterior  icntj  ««)1qtnn ;  n.  uit«Hnr  i»li'»t4  colntoti  t  I.  1itt«ini1  whjt«  vnlnrnm;  «c,  ftnterinr  cotntni*' 
•nr*  ;  ar.  mnteiint  tMotj  ;  i|/,  •tit«rior  mcdfrnn  SiMmv;  i!.  inL«m]«tjlu-l*t«r»l  grftjr  eolumn  :  tr.,  lev^LMiljir 
eo*.iitnn  of  CikrkcL  P,  i»0«(«n<>r  gnty  enlumn :  p,  iMwterior  whit«  oilniniii;  pm,  T<e«itfi<>r  mwilau  coHimti; 
j-r,  |^«torior  coinmiMurt ;  rr.  oentrali  <>ankl  i  pr,  pugtemr  m^iU:  f{f,  f>u«ttrioriilcd)ui  llMurc  ;  u<  aoiI  u», 
cat«raaJ  add  mtor&aJ  Mifctrior  TH)<>ijt«T  cutumn*;  *tf,  fubiUutla  i«latjjiuu. 

The  white  matter  of  the  spinal  cord  is  composed  of  niedullatetl  fibres, 
which  the  sheath  of  Schwann  is  absent,  arranged  for  the  most  part 
longltiiilinally.  The  nerve-tilu'es  of  the  nerve-roots  hiive  mii  ob!i([ne 
course,  pasning  from  the  gray  matter  throiigh  tiie  eoliunns  to  fnrm  spiiml 
Uerves;  transverse  fibres,  also,  are  found,  which  imite  the  diMereut  col- 
umns of  the  spinal  cord  and  connect  the  gray  matter  with  the  columns 
of  the  cord* 

The  gray  matter  ia  composed  of  collections  of  nerve-cells  arranged 
in  the  form  of  two  cresceiits,  the  convex  surfaces  of  which  are  united  by 
the  gray  commissure.     In  the  centre  of  the  gray  commissure  runs  the 
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c*entml  canal,  wUich  passes  from  the  floor  of  t!io  fourth  ventricle 
flown  ward  and  is  lined  hy  a  Inycr  of  cylindrical  epltbelhil  culls. 

The  cells  of  the  gray  mutter  of  t!je  ain'iial  cord  ililTer  grently  m  isiit% 
those  in  the  anterior  horn  l>eing  much  the  largest.  The  gmy  matter  i». 
aldo«  like  the  white  matter,  arranged  in  columns,  altbougti  the  diatino 
tion  betwoeti  these  eohimns  may  lie  less  readily  demonstrated*  Tbii*, 
the  anterior  and  posterior  horns  form  the  anterior  and  posterior  gnv 
columns,  while  between  the  two  lies  the  lateral  column. 

The  distribution  of  white  and  gray  matter  varies  in  shape  i»i  ilifler- 
ent  portions  of  the  s]nnal  eoriL  In  the  eervieal  region  the  lateral  wbik 
columns  arc  hirge,  the  anterior  horn  of  the  gray  mutter  la  wide  iiid 


l^- 


or 


/ 
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Fig,  334.— Tbansvbbse  Sbcttion  op  tvk  Bphtal  Cord  vst  tbm  LtrasAB 
Bboiosc,  aftkr  Bevajt  Lkwis.    ( Tta^) 

large,  while  the  posterior  Lorn  is  narrow  and  the  transverse  dbmcief  (»' 
the  cord  is  ilie  hmgest  (Figs,  mn, 334  and  335),  In  the  dorsal  repou  l^'lli 
cornua  are  narrow  and  of  nearly  equal  bre4idth,  wbih*  tb*-  ooni  i^  >iiialltf 
and  cylindricaK 

In  the  bnnbar  region  the  gray  matter  is  largest  in  amounts  ^' 
lateral  eohimns  are  small  and  the  cenlnd  eanul  is  nearly  in  the  ru 
the  cord. 

As  a  rnle^  the  anterior  horn  of  gray  matter  is  shorter  and  ^^^%vn 
and  does  not  extend  so  near  to  the  snrfaee  of  the  cord  as  doe^  ih*' |»*^ 
terior  horn,  which  is  more  pointed,  longer,  and  narrower,  and  ^^^^} 
extends  nearer  to  the  surface. 
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!  piitli  of  eonductioo  of  nerve  inipiew* 
Btons  from  the  periphery  of  the  hraiii  ami  the  reverse,  but  i^  i\\^o  the 
seat  of  a  large  number  of  nervous  centres  which  are  capable  of  ricting 
as   reflex   centres,  or  even  of  jp- 

originatiij*;  inipnlses. 

The  funetioiis  of  the  spinal 
cord  are.  therefore,  to  be  con- 
sidered— Jirnt,  a8  a  collection 
of  nerve-centres,  and*  secomi^ 
as  a  conductor  of  afferent  and 
etierent  impulses, 

(n)  The  Spina!  Cord  as  a 
Collect  to  n  of  JVV  r  ve-  Ce  ji  f  r  e *%-* 
It  has  been  already  stated  that 
reflex  action  rerpilres  for  its 
performauee  a  He  rent  and  effer- 
cut  nerve-flbres  and  a  nerve- 
centre,  and  the  spinal  cord  has 
l»een  meiiliojied  as  the  main 
seat  of  the  centres  of  reflex 
action. 

When  the  s|>inal  cord  h 
divided  in  an  animal,  tlie  np- 
pHcation  of  a  stimulus  to  its  skin  produces  mnscnlar  inoveTneiits  of 
the  most  diverse  kinds,  depending,  as  already  indieatetl,  upon  tUe 
nature,  in  tensity,  and  the  locality  of  the  stimulus. 

The  hiHtology  of  the  spinal  ^  ^ 

cord  indicates  that,  from  the 
direct  commuu  teat  ion  of  the 
posterior  roots  (which  have 
been  found  to  be  paths  of  con- 
duction of  sennation)  through 
the  gray  commisHure  wiUi  the 
anterior  roots  (which  have  lieen 
found  to  be  the  paths  of  motor 
imi^ulses),  afferent  impulses 
reach  the  spinal  cord  through 
the  sensory  nerves  and  are 
directly'  condticted  to  nerve- 
centres»  which  again  are  in  communication  with  motor  nerves.  It  is, 
therefore,  evident  that  nffcrcut  impulses  are  brought  directly  to  nerve- 
cells,  which  again  communicate  the  modified  nerve  impulse  to  motor 
nerves  (Fig.  336).  In  the  spinal  cord  such  centres  of  reflex  action  may  be 


Fig.  3S5.— Trans VERisiE  Hkcttonof  tut  Spt?«aj* 

Be  VAN  Lkwis.     ( IVu.) 

i^Fcr  rvi'flrvntw*  mm  deaoHptioa  BBd»r  Fig.  385) 


M. 


..-•tJ" 


Fio.  ftfW.— HECTioTff  or  A  Spinal  Segment, 
siiowisu  A  Unilateral  ami  Cku^^kd 
Reflex  AcTitiN.    (L<i»nr(oi>.) 

A,   ADlcrkr,  &iid  F,  [xocUrUir  itnrfftON;   M»  BUfnitc ;  Stlkia;  Qt 
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rendily  proved  by  the  entire  fuilure  to  evoke  reflex  mavementfl  after 
destrnction  of  tlie  cord.  Thus,  while  reflex  movements  ar©  produced^ 
with  tlie  greatest  readiness  in  fro^s  in  whom  the  eerebruni  has  Ijet-n 
removed,  if  the  siiiind  eord  be  tht^n  disorganized  by  (mssing  an  iustrumeiil^ 
down  the  vertebral  canal  all  reflex  movements  are  then  impossible,  evei 
althontrh  t!ie  nerves  possess  their  power  of  comluetivity  and  the  musclct^ 
their  power  of  contraction. 

To  appreciate  the  fnnctions  of  the  spinal  cord  as  a  collection  of 
centres  for  prodiiciniZ  reilex  nctlon  we  have  only  to  recall  the  ^tatement^i 
made  on  the  nervous  system  ns  met  with  in  the  lowt^t  articulata,  in 
which  we  have  a  collection  of  nervous  matter,  «:aiiglionic  in  its  nature 
and  coin])aral»le  to  the  mednlla  sphndis  of  vertebrates,  with  afferent 
fibres  rnnninir  to  and  ellerent  filires  running  from  these  gaiiglhi.  Such  a 
type  of  nervous  system  is  seen  in  the  star-fish.  If  an  irritation  lie  ap 
plied  to  an  extremity  of  the  limb  of  a  star-fish  a  sentient  im|)res.Hion  i^j 
conducted  along  the  sensory  nerve  to  the  ganglionic  centres,  and  a  motor 
impulse  jTocs  out  along  tiie  motor  nerve  and  conlractiun  r>f  the  muscles 
supplying  the  bod)*  results.  So,  if  a  decapitated  eentii>e<le  be  places! 
upon  the  ground  it  begins  to  make  rorwani  locomotive  efforts  as  soon  as 
the  impression  is  made  n|iQn  the  sentient  extrendties  of  the  nvrves  dis- 
tribute*! to  its  feet ;  this  impression  is  conveyeil  to  the  sjiinal  gantzliai 
and  motor  impulses  are  sent  out  along  each  one  of  the  lega  and  loco*^ 
motion  results.  If  it  comes  in  contact  with  an  obstacle,  however,  at 
high  as  itself  it  will  mount  over  it,  but  if  higher  it  will  butt  against  it 
its  decapitated  extremity  until  all  nervous  force  is  exhausted,  when  it 
Iwcomes  quieL  Still  more  striking  phenomena  sire  present  when,  alYrr 
decapitation,  the  remain<k'r  of  the  l»ody  Ix^  cut  in  two;  if  then  the 
halves  of  the  bod}*  l>e  placed  ujjou  the  ground  locomotive  effort*  will 
continue  in  each,  but  they  will  not  be  hnrmonious.  All  these  movements 
depend  upon  physical  excitation »  and  in  some  instauees  they  r«*f|uire  ta 
be  excited  by  the  elements  in  which  the  :ininiid  nuinrally  moves.  Thus, 
if  we  lake  a  dccapit'ited  water-beetle  and  place  it  upon  the  jtoor  no 
motion  results,  but  jdace  it  in  water  and  it  begins  to  move  witb  %igor. 
The  above  are  exani|>les  of  reflex  action,  and  result  from  excitation  of 
sentient  surfaces  and  the  conductiim  of  that  irritation  to  a  nerroui^^ 
ganglion,  and  the  reflection  of  that  stimulation  through  a  motor  nenre* 

It  has  been  mentioned  that  tfje  impulses  reaching  the  eord  tbnnijiU 
a  single  sensorj'  nerve  mtiy  spread  to  the  adjacent  receptive  ganglia, 
and  so  lead  to  the  transmission  of  motor  impulses  through  a  nnmlicr 
of  dilTerent  motor  nerves.  Ordinarily  the  degree  of  reflex  action  is  Lq 
proj)ortion  to  the  stimulris, 

U Uiler  certain  contlitions  the  irritability  of  the  spinal  cord  may  Ij^ 
so  modified  that  a  gentle  stimulus  may  produce  excessive  stimulation  of 


a 
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the  motor  f^anglia  of  tbe  cord,  and  so  produce  violent  convulsive  move- 
iiient^;  or  tbe  recei>tivity  of  the  cord  may  be  obtunded  tbrougb  disease 
or  through  the  action  of  vAriona  poisons,  and  the  niost  violent  stimnlus 
now  fail  to  ev*)ke  any  retlex  action.  As  an  example  of  the  first  condition 
strychnine  rurnishes  a  most  striking  ilhiMtratioji. 

Jf  a  frog  he  poisoned  with  stryehuine  and  the  cerebrum  removed,  a 
degree  of  stimuhitioti  which  otherwise  would  proiluee  but  a  feeble  or 
perhaps  eveu  no  retlcx  action  now  produces  tetanic  contractions.  Such 
a  result  indiciitea  that  in  tbe  spinal  cord  every  sensible  fibre  is  in  direct 
communication  throiiifh  tbe  gi*ay  substance  with  ever}*  motor  fibre. 

In  the  (vnvr  at  breeding  seasons  tlie  .si>inal  cord  is  in  a  jihysiological 
state  of  oven-xcitation;  tbe  frog  is  found  at  this  time  clinging  obstinately 
to  pieces  of  bark  or  stone,  just  as  it  does  to  the  body  of  the  female  in 
the  act  of  co[uilation.  Such  a  condition  may  be  produced  by  gentle 
atimulations  of  the  skin  of  the  sternum  and  of  the  tliuml>  of  the  frog,  in 
which  au  increase  of  sensibility  exists.  Here  t!ie  result  is  to  l>e  attributed 
not  only  to  the  increased  receptivity  of  the  spinal  cord^  but  also  to  the 
increased  sensitiveness  of  tbe  receptive  aurfaces. 

In  the  nornnd  condition  of  animals,  whether  mamniala  or  cold- 
blooded animals,  in  whom  the  bi*ahi  has  been  8e|>arated  from  tbe  spinal 
cord,  retlex  action  only  takes  place  tliroiiy;h  the  application  of  irritants 
of  a  certain  intcnsit}^  and  a  certain  duration. 

Single  electric  shocks  as  a  rule  produce  no  result,  but  if  repeated 
Bufficicutly  often  produce  a  rettcx  action  ;  such  single  impulses  are  con- 
tlucted  lo  tlie  spinal  cord  and  there  become  added  to  each  other  by  wliat 
is  known  as  a  process  of  summation  until  a  maximum  result  is  attained. 
If,  then,  the  uumljcr  of  stimu  bit  ions  |>er  second  be  increased  or  tlie  de- 
^ee  of  stiiuuiaiion  l>e  made  more  severe  no  further  increase  in  tbe  reflex 
action  is  possible, 

Pfloger  has  formulated  the  following  laws  of  reflex  action  : — 

1.  The  retlex  movement  occurs  on  the  same  side  on  which  the  sen- 
sory nerve  is  tHtimulated,  while  only  those  muscles  contract  whose  nerves 

,  arise  from  the  same  segment  of  the  «pina!  cord. 

2.  If  the  reflex  occur  on  the  other  side  only  the  corresponding 
mnscles  contract. 

3.  If  tlie  c*mtractions  Imj  unequal  upon  two  sides,  then  tbe  most 
Tigorous  contractions  always  occur  on  the  side  which  is  stimulated. 

4.  If  the  retlex  excitement  extend  to  the  other  motor  nerves,  those 
nerves  are  also  affected  wbtch  lie  lu  tbe  direction  of  tbe  medulla  oblon- 
gata. 

5.  Alt  the  muscles  of  the  body  may  be  thrown  into  contraction. 
(Landois.) 

In  the  human  body  are  found  mechanisms  whicli  mny  inhibit  or 
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control  reflex  action^  Iwforo  mentionecl,  as  proiliieecl  after  a  raecha 

irritation  af  tbe  conjunctiva.     Tickling  of  the  feet  leads  to  an  iuelin 

to  movement ;  this  also  is  a  reflex  action,  and,  as  is  well  known »  soch  a^ 

movement  niav%  hy  uii  exertion  of  the  will,  be  suppressed,  sueb  a  6U|Hfl 

pression  l>eintj:  an  ihbilntion  of  I'ellex  action.     Tliisi  voluntary  control  of" 

reflex  action  may  Ixe  educated  to  a  certain  extent,  but  owly  within  certdiin 

limits. 

If  the  stimulus  be   severe  and   frequently  repeatcnl   reflex  ftetioQ 
occurs  in  spite  of  the  effort  of  the  will  to  prevent  it.     On  the  oilier  h&nd^ 
numerous  reflex  actions  arc  entirely  beyond  the  control  of  the  wUl ;  iUm 
tlie  contraction  of  the  iris  and  parturition  are  retlex  actions  over  wb 
the  will  has  no  control. 

It  may  be  demonstrated  by  experiment  that  a  spinal  nervous  : 
anism  exists  for  the  purpose  of  keepirij^  rellex  action  In  control.     If 
cerebrum  be  removed  from  a  IVog  on  a  line  with  tbe  anterior  edges  of  the 
tympanic  membrane  reflex  action  may  be  readily  produced,  ^ 

The  best  method  of  study in^jf  the  influence  of  ditrerent  agents  on  Uie^ 
prod  net  if>n  of  re  (lex  action  is  that  of  Tiirck,  of  Vienna. 

Tbe  fiog,  fn)m  which  the  cerebrum  has  been  removed,  shonM  ICj 
suspended  vertically  by  the  nose,  and  if  after  the  shock  of  the  o[ieratici 
han  passed  awny  the  tip  of  one  toe  Ite  dipped  in  a  solution  of  ^idphurii;] 
acid  it  Villi  be  rapidly  withdrawn  ;  the  duration  of  immersion   I>efore  tb^ 
foot  is  withdrawn   may   be   taken   as   indicating  the  degree  of  refle 
activity  of  tlte  spinal  cord.     After  eacli  immersion  the  foot  shouKi  li^l 
di|>pcd  into  distilled  water ^  so  as  to  wash  otf  tbe  excess  of  acitl  and  [^rc*] 
vent  constant  corrosion  of  tbe  skin.     If  tbe  time  l»e  determined  whiclil 
elapses  before  the  foot  is  with  drawn  from  tbe  acid  in  the  frogj  from  wliotn] 
the  cereluum  has  been  removed, and  the  eereino-^pinal  axis  be  then  agaiiij 
<livided   on  a  line  tangent  to  the   posterior   liorders  of  tbe  tympanic 
membranes  and  tbe  toe  be  attain  immersed  in  acid,  it  will  now  lie  fuuml 
that  tlie  foot  is  witbdrawn  atlter  a  mucb  shorter  interval   than   in  the 
previous  experiment.     This  resnlt  would  indicate  that  in  t*ome  portioni 
of  the  eerebro-spinal  axis  l>etween  the  lines  *d'the  two  incisions  \s  bK-4iteil] 
a  meebauisui  which  has  for  its  fnnction  the  controlling  of  reflex  action. 

If  in  anolfier  fro^  the  ecre>irum  be  removed  and  tbe  tinu*  of  immer*' 
sion  in  tiie  acid  determined  before  reflex  action  takes  place,  and  now  i 
of  the  optic  lobes  lie  ex]Kjsed  and  irritated,  as  bvplacinp  a  crystal  of  coo 
mou  salt  in  contact  with  it,  it  will  be  fninid  tliat  the  frog  will  retain  it 
foot  in  tbe  acid  for  a  much  longcer  time  than  lMffore,or  may  even  enlipelj 
fail  to   remove  it.     That  this  result  is  due  to  the  stimnhition  of 
inhibitory  a[>paratus   and    not   to  a    paralysis    of  reflex    nieclianisin 
proved  by  the  fact  that  if  tbe  spinal  cord   lie  now  divide^l    lielow  tbtti 
medulla  oblongata  the  foot  will  be  as  promptly  withdrawn,  or  even  martj 
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rapidly,  from  the  acid  tbnn  before;  such  a  mecbfiiiism  is  spoken  of  as 
SetseLienow'8  inhibitory  centre'. 

Keflex  action  may,  likewise,  be  inhilnted  by  stimulation  of  sensory 
nerves.  As  an  example  of  this  may  be  mentioneii  the  fumifiar  experi- 
ence of  oiir  ability  to  arrest  a  sneeze  by  eompree»ing  the  skin  of  the  nose 
over  the  exit  of  the  nasal  nerve. 

Reflex  aetton  lioes  not  take  place  when  strong  electrical  irritation  is 
applied  to  the  trunk  of  a  sensory  nerve,  bnt  tetanus  results;  wluk%ou  the 
other  hand,  a  much  weaker  stimulation  of  the  skin^  either  ebemieal  or 
mechanical,  will  rejidiiy  produce  reflex  movement.  This  would,  perhaps, 
indicate  that,  together  with  tlie  sensitive  tibres,  irdiibitory  nerves  pass  in 
the  trunks  of  the  nerve  to  tlie  spinal  eord» 

TUfi  reflex  functions  of  the  s|unal  cord  may  be  looked  upon  as  one 
of  the  preservative  influences  of  the  animal  lK*dy,  g:uarding  all  the  inlets 
nm}  outlets  of  the  economy.  Thronf»:h  it  the  movements  of  respiration 
are  permitted  to  occur  during  the  hours  of  sleep  and  waking.  Let  this 
reflex  action  be  lost  in  the  medulla^  and  respiration  ceases,  the  contents 
of  the  rectum  are  involnutarily  evacuated,  the  useful  ojieration  of  wink- 
ing, by  which  the  eonjntietiva  is  kei;t  moist  and  the  eye  is  protected,  is 
lost,  and  the  acts  of  coughing  and  sneezing,  so  important  for  removing 
foi*eigT*  substances,  would  be  alike  impossible. 

The  movements  of  the  intestinal  canal,  although  not  entirely  de- 
pendent upon  n-flex  action ^  are  in  a  certain  degree  due  to  it.  Many  of 
the  phenomena  which  we  consiiUn*  as  voluntar}*  may  be  classed  among 
those  which  are  reflex  in  their  nature,  as  when,  in  walking,  we  may 
vniconscionsly  pass  around  an  obstacle  in  our  path,  or  unconsciously 
perform  many  acts  whicli  are  ai*parently  purely  voluntary  in  nature. 

As  already  mentioned,  reflex  actions  are  not  solely  motor  in  nature, 
but  may  result  in  the  prodnction  of  changes  in  secretion,  in  the  (distribu- 
tion of  blood  to  a  part,  or  iii  changes  in  nutrition*  Illu^jtrations  of 
excito-secretory  phenomena  are  very  numerous. 

If  we  touch  the  tongue  wit!i  irritating  or  sapid  substances  the  secre- 
tion of  saliva  begins  to  flow  through  the  instnimentality  of  the  lingual 
nerve;  the  impression  is  conve3'ed  to  the  medulla  oblongata,  whence  an 
efferent  impulse  is  emitted  through  the  chorda  ty m pan i,  as  a  result  of 
whicli  the  idood-vessels  supplying  the  submaxillary  gland  are  tlilated  and 
an  increased  flow  of  saliva  is  produced*  It  has  also  been  found  that  if 
we  stimulate  the  oral  cavity  the  gastric  secretion  is  poured  out  in  large 
quantities,  indicating  the  action  of  condiments  and  spices  in  conditions 
of  feeble  digestion. 

The  reflex  vaso-motor  results  are  clearly  evident  as  examples 
reflex  action.     If  a  sensory  nerve  is  stimulated  the  tonic  action  o 
Taso-motor  centre  is  increased,  and  the  blood-vessels  of  the  bot 
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contracted  tlirougli  tlie  reflection  of  tlint  impulse  from  the 
throogli  tbe  etlertiiit  vaso-motor  nerves  to  tlie  muscles  compobiiig  tt| 
walls  of  the  arterioles.  In  vaso-motor  reflex  action  ])henomena  of  iniiilii 
tion  are  likewise  capable  of  demonstration.  Thus,  tlie  vaso-motor  ceou 
in  the  body,  which  is  a  purely  retlex  centre,  may  be  inhibited  by  stimal 
passing  through  certain  nerves.  If  tbe  so-called  depressor  nerve  1i 
stimulated  the  vaso-motor  centre  in  tiie  medulla  is  inhibiteil  and  dilall 
tion  of  the  blood-vessels  ensues,  as  is  evidenced  V>y  tl»e  great  fail  of  bluo^ 
pressure.  So,  also,  certain  nerves  when  stimulated  lead  to  a  dilfitatia|{ 
of  the  blood-vessels  by  inhibition,  in  all  proliabillty,  of  the  ganglia coii 
tained  within  their  walls.  Such  a  rL'llex  inhibition  of  vaso-motor  actiai 
is  seen  in  tbe  case  of  the  chorda  tympani,  already  referred  to,  in  the  rcflc^ 
stimulation  of  the  nervi  errigentes^  and  a  number  of  other  instances.     I 

As  an  example  of  changes  in  nutrition  due  to  reflex  action,  ilbi&trft 
tions  are  not  as  read il}'  found;  what  is  spoken  of  as  sytnjiatliy  is  ■! 
example,  however,  of  changes  in  nutrition  of  reflex  nature.  Siirgeonl 
are  wiill  aware  that  when  disease  of  an  inflammatory  character  exisU  ill 
one  eye  it  is  not  unusual  to  And  the  eye  of  tbe  other  &ide  beconun| 
affected  in  a  similar  manner,  purely  in  a  reflex  manner;  as  a  pri>of  of  thil 
may  be  mentioned  that  extirpation  of  the  diseased  eye  is  almost  invariabljj 
followed  by  a  cure  of  the  disease  in  the  remaining  one.  So,  also,  sectiowol 
the  supraurbitid  bntneb  of  the  fit\b  pair  of  nerves  leads  to  distnrbauceiil 
the  cornea  which  are  of  a  nutritive  character  and  which  are  pn>1ml»l| 
due  to  some  distnrlmnces  of  tlie  reflex  control  of  nutrition.  ] 

It  has  been  already  mentiouefl  tlmt  in  tbe  spinal  cord  are  I 
number  of  collections  of  cells  which  have  for  their  function  tbe 
of  certain  comi)licate<l  co-ordinate  movements;  snch  centres  exert 
action  in  a  reflex  manner  by  the  modification  which  they  prmluceoa 
arterent  impulses  brought  to  them.     These  centres  retain  their 
even  alter  the  spinal  cord  has  been  removed  from  the  medulla  hv 
but  all  are  to  a  certain  extent  contn^lled  by  the  action  of  higher 
centres  found  in  the  medulla  oblongata  and  cerebrum. 

The  following  represents  the  most  important  of  these  coUectii 
nerve-centres  : — 

First,  vaso-motor  centres  which  control  the  calibre  of  tbe 
vessels  arc  found  in  the  floor  of  the  fourth  ventricle  of  the 
oblongata  and  distribnted  tlironghout  the  entire  spinal  axit, 
evidenced  by  the  lact  that  the  di  hi  tat  ion  of  the  blaoil-ves?*eb 
follows  division  of  the  spinal  cord  below,  the  medulla  is  only  tram 
tbe  blood-vessels  regaining  their  nonnal  tone  as  the  shock  of  thft 
tion  passes  otf.  If^  however,  the  spinal  cord  W  entirely  dettroyi 
blood-vessels  l)ecome  then  permanent!}'  paralysed. 

It  is  probable  that  in  the  cerebro-spin^kl  fucia  ai^  likewise 


FUNCTIONS  OF  THE  SPINAL  CORD. 


r95 


Taso-dilator  centres.  It  thus  appears  that  the  calibre  of  tlie  liloocl- 
vessels  in  tlie  b<j<Iy  b  regulated  by  a  culketion  of  centres  located  in  the 
central  nervous  system. 

Secofui,  tlie  cilio-spinal  centre ;  this  collection  of  nerve-cells  is 
located  iu  the  lower  cervical  portion  of  the  cord  ;  its  fuuctions  will  be 
again  alluded  to*  The  other  centres,  as  of  defeecatioUj  micturition,  etc., 
have  been  already  mentioned. 

(6)  The  Sjdnal  Cord  as  an  Organ  of  Conduction, — It  has  been  seen 
in  the  considt^ration  of  reflex  action  that  modes  of  coummni cation  exist 
between  the  diflVrent  nerve-c*ells  in  the  spinal  cord.  It  is  also  evident 
that  in  tlie  spiuid  cord  mujit  exist  putlis  of  conduction  of  sensory  im- 
pulses reach ini^  the  cord  throngh  the  posterior  roots  of  the  spinal 
nerves  to  the  brain ^  and  of  the  condnetion  of  motor  impulses  from  the 
brain  throiijih  tbe  anterior  spinal  rootn  to  the  muscles.  For  when  t!je 
spinal  cord  is  divided,  or  when  it  is  altered  by  disease  or  injury,  the 
parts  which  receive  their  nerves  from  the  portion  of  tlie  spinal  cord 
situated  Ixdow  that  part  are  paralyzed,  both  as  rep^ards  sensation  and 
motion.  Impressions  made  uikjii  these  parts  sire  no  longer  ai>preciate<l 
and  voluntary  movements  can  no  longer  occur  in  tliem^  even  altliou^h 
refle2c  action  may  still  be  present.  When  the  spinal  cord  is  divided 
above  the  points  of  origin  of  the  nerves  coming  to  the  muscles  of  resjii- 
ration,  respiration  is  interfert^l  with;  thus,  if  the  spinal  {*ord  is  divided 
between  the  last  cervical  and  the  firet  dorsal  vertebne,  all  the  respiratory 
muscles,  with  the  exception  of  the  diaphragm,  are  paralyzed*  If  the 
spinal  cord  is  divided  above  the  origin  of  the  phrenic  nerve,  then  the 
diaphragm  is  likewise  paralyzed  and  death  occurs  from  asphyxia.  From 
these  facts  it  is  evident  that  the  spinal  cord  is  the  means  of  communica- 
tion between  the  exterior  and  the  Ixrairi^and  we  have  now  to  consider 
the  paths  which  dirt'ereiit  impulses  follow  in  passing  from  the  centre  to 
the  peri[ihery  and  the  reverse. 

In  the  first  place,  il  would  be  scarcely  conceivable  that  the  irritation 
from  an}'  localized  portion  of  the  skin  surface  could  communicate 
a  definite  localized  sensation  to  the  brain  if  the  atferent  impulse  was 
coni|>elled  to  travel  through  the  lahyrinthine  communications  of  the 
gray  ceik  of  the  sjiinal  cord.  Nor,  again,  could  we  su[)pose  that 
a  single  muscle  could  be  thrown  into  contraction  by  tlic  will  by  passing 
through  the  same  complicated  net-work  of  cells  and  fil>res.  It  wotild  be 
much  more  natural  to  look  for  the  pnths  of  communication  between  the 
voUintary  muscles  and  the  brain  on  tlie  one  side  and  the  sensor^'  end 
organs  and  the  bnvin  on  tlie  other  in  the  white  columns  of  the  cord.  It 
does  not  follow  from  this  fact  that  the  spinal  cord  may  be  regarded  as  a 
bundle  of  white  lilires  connecting  the  perij>hery  with  the  brain.  Were 
this  the  case  we  should  expect  that  the  spinal  cord  would  increase  iu 
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size  in  proportion  to  tbc  number  of  nerves  entering:  into  it:  and  tliil, 
t  lie  re  fore,  the  spinal  cord  should  be  largest  in  the  cervical  portion  and 
gradually  taper  down  to  a  point  in  the  lumbar  region,,  aa  if  each  gpiiud 
nerve  were  a  direet  loss  to  the  fibres  of  the  Bpinal  cord.  8ucU  is  Dol, 
bowever,  tbe  fact* 

Sections  of  the  spinal  cord  taken  at  different  parts  of  its  length 
indicate  that  the  jxray  matter  of  the  cord  increasea  with  the  ainoimt  of 
nerve-fibre  passing  into  each  part  of  the  cord ^  and  tliat,  therefor*',  Uie 
largest  amounts  of  gmj  matter  are  found  in  tbe  lumbar  ami  ccnrical 
refjions  at  l!ie  points  of  origin  of  the  nerves  for  tbe  lower  and  upi^^^r 
extremities  ;  while,  if  the  proportionate  areii  of  the  lateral  culnuiDS  iicum* 
pared,  it  will  be  found  that  there  is  a  steady  increase  in  tlie  aecttonaUrf* 
of  this  portion  of  the  cord  from  the  lumbar  to  the  cervical  region.  Tin* 
fact  would  indicate  that  the  latter  regions  are  tbe  niaiu  paths  of  coii- 
duction  iMstween  tbe  brain  and  the  periphery.     Tlie  proportion  betw«w  \ 


*Sncr'^i.       ilumhar 


Fio.  3S7,— DiAoaA!w  of  thk  ABWit.rTK  ant»  Relatttk  E\tejct  or  nm 

ItltAY    MaTTKK    AXt>    OV    THK    WUITK    r^LUMKSI.    IN    HrCCfSJ&tVK    8JU;- 
TIOXAL    ABKAS,    as  WKLI.    Att  TUK    BKtTICiNAL  ARKAS  OV    TUK    NM^VS- 

RuoTS.     t  Landoi*. ) 
N  R.  n«rv«-raoU  i  A  C,  I^  C«  F  C,  t«l)erior,  lateral,  ud  poitartor  colsau^  Gr,  fnj  auMr, 

different  parts  of  tbc  spinal  cord  in  the  different  regions  and  the  dKTeFeil 
areas  of  the  spinal  nerves  are  indicated  in  tlie  iliagram  (Fig.  337)* 

In  additiim  to  the  auatoniical  division,  already  allndi'^l  to,  into 
anterior,  biteral,  and  posterior  columns,  tbe  white  libres  of  tbe  ftpin&l 
conl  have  been  divided  into  several  secondary  columns,  according  to 
their  functions.  In  additiim  to  the  experiraeutnl  raetboil,  to  tie  alluded 
to  directly,  this  grouping  of  tbe  longitudinal  libres  of  tbe  «pin»l  CMinL 
into  dirferenfc  systems  has  heen  reacbed  through  facts  acijuireil  throtigl 
tbe  study  of  the  degeneration  of  certain  parts  after  8j>ecj fie  injurj'  an 
through  the  developmental  history  of  tlie  cor^l  in  tbe  embryo,  Thi; 
injury  of  certain  parts  of  tbe  brain  ia  followed  by  a  secondary  drttcendin 
degeneration  of  certain  nerve-fibres  (Tiirck);  section  of  tbe  coffl  caiit 
aacendifig  detjeneration  of  certain  fibres  (Seliiefenleckeri ;  and  Flecbs 
showed  that  the  fibres  of  the  brain  and  cord  In  tbe  embrj^o  became 


FUKCTI0N8   OF  THE  SPINAL  CORX 


<*overe(l  with  invelin  at  ditlVri'iit  periods  of  dtn'olDpiiiuiit.  those  reeeivitig 
their  myt^lin  la?^t  wLicli  lnu\  I  lie  longest  court4e»  Uti  thu  ilnUi  obUuiied  by 
tills  inetbod  Fiechnig  uiappt'd  out  the  rollowing  Hystem  (Ljiiulois)  ; — 

1,  In  tUo  iiiiterior  ooltniin  lie  the  {oj  ttftrrnsHed^  or  direri  p)/ramidal 
tract  (a  m  Fig.  338),  and,  extiirnal  to  it,  {b)  the  anterior  i/routid-(/HtidU\ 
or  anterior  radicular  zone. 

2,  In  the  poi^torior  column  la*  iliKtiiiguishps  (V)  GolTs  coh»nii,t»r  the 
ftontero-median  eolumn^  txml  id)  UiiidncU's  J futicttbts  cinwafui<^  the  jHts- 
ierityr  radicular  zone^  or  the  poslero-esternftl  tolumfL 

3,  In   the    lateral   col ui mis    fire 
(e)  the  anivrior  find  {/)  the  tiift'nil 

^^miJ'ed    paths,    (fj)    the    iaierol     or 
^  crossed  jnfraniidal  tract,  atid  {h)  the 

direct    cerebellar    trtiH,      Tlie  rehi- 

tions  of  these  fdnes  in  tiie  cervical 

resriou  arc  shown  in  Fijr.  33X 
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Fig.   S:i8.— «chkme   of   thk  f'oxmjrTiNa 
Patijh  in  the  Spinal   at  thk  Ticirk 

DOHHVI*       NEKVE,       AKTKH     FLKCJift^rG. 
( LandoU, ) 

yUm  Uatek  fwrt  i«  tbe  f^i^y  mutter.     If,  kaiirior.  hte, 
taaterior  rrpr*t»  ;  n.  dirttct,  and  ef,  cro««e(t  pTTumldml  ir^cU : 


rMtn^*«tit«raal    (yjhtiiin:    t  Rd^X  tuixcd  lAterml  p&ih*; 
•Ura 


^  dUinwi  c«r«li«II&r  tntuu. 


Fig.  ;i:W.— SECTION  of  thk  fRiivicAi.  Por- 
tion OF  THE  HPINAL  I'oHl^  SHOWING 
liY      DiFFKHKNCKS     OF      HlIAOlNO     TIJK 

White     Tracts     isci'Posrd     to     hjc 

Fun I'TION ALLY    DLHTISCTp      (1>0.) 
A,  nnusriitt,  P»  ;)iMit«rior  i»«li»D  nMuron:  *lp,  dtr^cl 

ett»r.  /ir^.  |Hi«itJ!rior  rhmLbb  aoluns  (GuU):  as,  N-aterior, 


Orttiese  columns,  as  we  shall  iind  directly,  tUe  iiyraniidal  tracts  may 
be  traced  to  the  anterior  pyramids  of  the  medulla  obhinirrtta,  wljere  each 
lateral  pyramidal  tract  crosHes  to  the  Qppof^ite  side,  tbj*ongh  the  pons  to 
the  middle  third  of  the  crusta,  thence  to  the  irjlernal  capHide,  wliere 
they  diverge  like  the  rays  of  a  fan  throui^h  the  white  nuitter  of  the 
cerebrum  to  the  central  eon  volutions. 

The  direct  cerebellar  fibres  may  be  traced  to  the  cerebellum,  reaching 
it  through  tbe  restifc>rm  Imdy  IVum  Chirke's  column  of  gray  cells,  thus 
directly  connecting  part  of  the  libres  of  the  posterior  roots  with  the 
cerebellum. 
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The  iitber  systeuiH  of  tibren  tenuinatt.*  in  Iho  iiRMliilIa  ul»loui;ntsi, it^ 
col  mull  of  Goll  serving  tu  CQiineft,  [mn  of  the  fibres  of  the  [to^U'vi^    ^ 
roots   with    the   gmy    nuclei    of  the    funiculi    grueiles   of  the  uuMivil/  ^ 
iA)U)nij,i\li\;  and  the  cfilurnn  of  Burdjuh  tlie  posterior  roots  throu;;\i  \\\      ^ 
rtLstifiirm  body  with  the  verniifoini  jnoccss  of  the  i'erelll^liuiu,  while  IhC^ 
anterior   and    laLeriil    mixed   eoliinins  comraunieate    with  the  formniui  ^ 
retiviitdria  of  llie  inedulhi  uhlc»n^!Un, 

Of  the^>e  eoliMiins  tlic  p\  nuniihil  tract,  the  cerebelkr  tract,  inml  tbe^ 
column  of  (roll  mv  Uu'  otUy  oik's  wliieh  stcndily  iner^^ise  in  sizt*  as  tlie 
mediillji  obluiigatu  is  ni^prunchc'LL 
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Fio.  >I40.— CocHSF  op  Tin-:  FoiKKf*  TN  Till?:  HiTNAi.  conn,  ArTRR  F.  WLKf^m. 

•*"'*;  ^«/»  |*«st<ir(«ir  mot;  A.7,  I,  2.  flbr*HU  b^^^^^li^"»  nT  (ho  ffti«t«ri«ir  ni«»l  ; 

fln>nMi  pyriti£ii(1«i  trm-tr  twifr,  1iif«rTEl  ifronnd-tmudle;  -^f/p.^iiwrt  »»r»>». 

huailla  ;  AC,  ceutrttl  cttn&l:    fo,  intermiNlln-latenil  cntmnn  of  C'lArlii;  •>,  nm  /,. 

riiufoulux  ijttBMtiu  of  OunUoh ;  jr«  (vh1i<|fi«r  truodles  <at  ^htvm. 

If  wf  traee  hy  tnoaiis  of  the  rai{?rns«>o|>elhe  oriLiin^  jiiid  ti*riiiinntit>nS| 
of  the  sj^innl  nerves  it  will  he   foimd   that   the  posterior  roots  of  thA| 
Hpinal  nerves  pas*?  thnm^h  the  white  fiuhstance  of  the  conl  In  reach  tbti 
posterior  tjniy  rolufFin*  in  which   they  break   up  into  line   twijjs,  utiititi|;] 
with  the  rfnnnriia  of  the  enrd»  althonj^h  their  mode  of  eonnection  witJij 
the  cells  is  not  capal>le  of  ready  detection.     ICaving  ©titcrod  the  cord« 
tlie   fibres  of  the   posterior  nerve-roots   are  seen  to  divide   iuto  thre^a 
different  bundles. 

The  fibres  of  the  anterior  root^  may  likewise  be  divided  into  tbirn] 
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different  buudles :  1.  The  median  bundle,  represented  by  the  black  line 
in  the  figure  (Fij^.  340),  partly  enters  into  direct  union  with  the  cells  of 
the  anterior  horn,  while  part  passes  throuirh  the  gray  matter  to  enter  the 
anterior  commissure  and  pass  to  the  opposite  side  of  the  cord,  to  termi- 
nate, in  part,  in  the  cells  of  the  anterior  horn  on  this  side  and  partly  to 
pass  directly  into  the  anterior  white  columns.  2.  The  central  bundle  of 
motor  fibres  ])as8es  in  part  through  the  anterior  horn  without  forminj^ 
any  connection  with  its  cells,  to  be  lost  in  the  posterior  horn,  Avhere,  in 
all  probabilit}',  through  union  Avith  ganglionic  cells  it  is  in  communica- 
tion with  the  fibres  of  the  posterior  roots ;  the  other  part  of  this  bundle 
directly  unites  with  the  cells 

of  the  anterior  horn.     3.  The  ^^;,^ T^-^f  _ 

lateral  bundle  is  likewise 
partly  in  direct  communicn- 
tion  with  the  gray  matter  of 
the  anterior  horn  and  i)nrtiy 
runs  up  in  the  lateral  columns 
of  the  cord  (Fig.  341). 

Further  examinations  of 
sections  of  the  cord  (right 
half  of  above  figure)  show 
that  the  (lirect  and  croAi^ed 
ptjr amidol  tracts  of  opposite 
sides  of  the  cord  are  in  com- 
munication by  means  of  fibres 
j>a»sing  through  the  gray  sub- 
stance into  the  anterior  com- 
missure, and  that  the  direct 
cerebellar  column  communi- 
cates with  Clarke's  gray  col- 
umn and  the  latter  with  the 
column  of  Goll  on  the  same 
side  of  the  cord. 

Some  of  the  fibres  of  the  posterior  roots  i)ass  upward  in  the  posterior 
column.  They  thus  form  loniritudinal  commissures  between  the  diirerent 
ganglia  and  make  up  the  greater  part  of  the  posterior  (ioluunis.  These 
commissural  fibres  are  evidently  concerned  in  upwnrd  conduction  of  sen- 
sations, for  when  the  cord  is  divided  they  undergo  ascending  degeneration. 

The  lateral  fibres  from  the  posterior  root  ascend  obliquel3'and  divide 
in  the  posterior  horn,  with  whose  cells  they,  in  all  probability,  communi- 
cate, though  i)art  of  these  fibres  may  be  traced  as  far  as  the  anterior 
horns.  The  inner  bun<lle  has  been  traced  to  the  posterior  commissure  ; 
Us  further  course  or  termination  is  unknown. 


Fig.  HU.— I)ia<}uam  ilm'stratin(}    tiik    Tathk 

PKUliABLY    TAKKN     BY   TIIK     FlllKF.S   OF    THE 
NKHVK-HooTS     (>N..KNTKI{IN(J     tiik    SPINAIi 

Cord,  aftkk  Schafku.    {Yco.) 

«,m/.  anterior  niwlian  figure: /).»/!./.  |Mmtorior  median  finare; 
r.r,  central  canal :  SH.  vultntantia  gelatinf>8A  of  R4>lando :  a  a,  Ai* 
ninili  of  anterior  ntot  of  a  npr>e  ;  i>.  fnoiculnn  of  iM»»terior  root  of  a 
nenre.  By  following;  the  fihreii  I.  2,  3.  etc..  their  counra  through  the 
gray  matter  of  the  iipinal  cord  may  be  traced. 
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It  in  tlnis  seen  that  tlic  white  iibres  of  the  spinal  cord, 
iliroft  eommtini cation  with  the  nerve-root?^,  but  ouly  connect" 
segineiits  of  the  spiiml  cord.    In  euch  s^egment  of  the  spinal  cor 
fouiKl  nerve-centiHBs  for  the  atrerentand  cflert^nt  nerves  ofdefli] 
of  tlie  iKJily,  iiinl  r-c»mmissural  fibres  connecting  tlint  segment] 
segments  of  the  eord  and  with  the  brain  (Fig,  »i42), 

Leaviut^r  tliese  anatomical  considerations  of  the  monioi] 
now  to  exauiine  the  data  as  to  the  paths  of  conduction  of 
sensory  iininilse^  tlirou^li  tiie  spiiml  eord  attaineil  through  ex|Der| 
performed  upon  the  8[>inal  cord.  The  methoil  of  such  ex)>erimeiii( 
sists  ill  atlem|»ting  to  make  isolated  sections  of  ditren-ut  paiti»i 
cord  and  determine  tlje  interference  of  function  which  results  froil 
mutilations.     The  diHiculty  of  such  experiments  is  twofold: 


PlO.   fU2,— IHAGBAM     irJ.t7STRATTNO     TITE     VaRIOCS     CUaSJCEIA 

wHKMt  A  MoToii  Cell  of  the  Coiid  biay  be  Calueu  isto  Avno' 

AJl.  autori<ir  har^\  C.PC  crtn»n>]  pyTA^miAai  cfAumn  •  P.  iKvieridf  han»  B.  cnhlHa  of] 
O,  P<i)ttmQ  of  iiiAl  :   I,  IfhnEi  flit  patafiil  MfoWtinn^i :  £,  fibrw  for  |«ctU«  •Ba«feii«a«t  S^  BiatWT  f«ll:  ILl 

7.  Akira  from  cterQlirkl  tiocEUjifiberii  of  u&a«  udt  fuin^  fao  motor  «tiU  Si. 

place,  it  is  ditllcnlt  to  sepnnUe  tlie  temporary  result,  due  to  the 
the  operation, and  the  permanent  results;  andjn  tl»e  ease  of  sensatj 
the  lower  animals,  to  distinujuish  between  reflex  action  and  pureljj 
tarj^  movements.  In  tlie  second  place,  it  is  almost  im|>ossilile  toi 
section  of  any  isolated  portion  of  the  spinal  cord  without  more 
damai^finor  the  adjf^ceiit  portions.  Thus,  for  example,  it  is  almost  IJ 
sible  to  cut  transversely  the  jiosterior  white  columns  of  the  conl ' 
at  the  same  time  more  or  less  injuriniof  the  gray  matter.  This  difl 
applies  to  isohited  sections  attempted  on  all  parts  of  the  spiu»lj 
Nevertheless^  a  nuoi!>er  (if  vnlnnltle  r<*^Hlts  hnvf  lu^^u  ribtrdue 
method. 

In  the  first  place,  it  iui^  been  found   Hint  section  mT  the  cc 
immediate  loss  of  both  sensation  and  motion  in   all   parts  sub 
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nerTCS  which  arise  iKeliind  tlie  point  of  injury,  with  temporary  vaBO-motor 
paralysis.  Tlie  remote  ettects  are  seuondiiry  (leseundnii^  degt-nrratiaii  in 
tbe  crossed  and  dtret't  pyramidal  tniets  and  a^coiHlinij:  di'genenitioii  in 
tlie  ^)o«/ero-i?i^er»ai  coliinins.  If  tlie  section  is  made  on  one  Jatern!  half 
of  the  spinal  cord  (heniisection)  paralysis  of  vohintary  movement  and 
Taso-motor  paral3'sis  occur  on  tbe  side  of  the  operation  in  the  |>arts 
below,  witli  loss  of  sen^iition  on  the  side  opposite  to  the  injury  and 
increased  sensitiveness  on  tbe  side  of  operation,  with  the  exception  of 
a  limited  area  of  anaesthesia  in  the  part  8Upi>lied  l*y  the  sensory  nerves 
destroyed  in  the  operation.  There  is  als^o  the  usnal  ascend iiig^  and 
descending  degeneration,  the  forraer  also  appeariui^  in  the  column  of 
Goll  on  the  opposite  side. 

If  a  longitndinal  section  is  made  through  the  posterior  iwsnre  of  the 
cord  in  the  me»lian  line,  little  if  any  loss  of  motion  results  (some  fibres 
of  the  pyramidal  tract  cross  in  the  anterior  eoinmissure),  hut  a  consider- 
able reduction  of  sensibility.  If  the  posterior  white  cfilunins  are  di- 
vided there  is  considerable  loss  of  the  tactile,  teniiieratm-e,  and  muscle 
senses,  although  the  sensation  of  pain  may  still  be  felt;  no  loss  of  motion 
results.  If  the  anterodateral  columns  of  white  fibres  1*e  divided  there  is 
a  loss  of  voluntary  motion  in  a  conespon<ling  piut  of  the  same  side  of 
the  body.  Such  a  loss  of  motion,  provided  the  gray  matter  be  not  inter- 
fered with,  is  temporary,  and  indicates  that  the  gray  matter  ujay  take  on 
the  function  of  comluction,  ordinarily  carried  on  by  the  white  columns, 
past  the  seat  of  injury. 

The  respimtory  and  vaso-motor  fibres  also  pass  through  the  antero- 
lateral white  columns.  If  the  gray  matter  and  the  posterior  white 
columns  be  divided  sensory  or  tactile  impulses  no  longer  reach  the 
brain,  showing  that  sensory  impulses  travel  in  these  parts. 

These  facts  would  indicate  that  sensory  impulses  entering  the 
posterior  roots  of  the  spinal  nerves  pass  for  a  certain  distance  iu  the 
posterior  columns  and  then  cross  over  to  the  gray  matter  of  the 
opposite  side  to  ascend  to  the  cerebrum  in  the  lateral  column  in  front  of 
the  pyramidal  tract,  while  some  may  pass  into  the  posterior  column  and 
others  ascend  in  the  gray  matter;  the  fibres  concerned  In  the  conduc- 
tion of  **  muscular  sense  *'  apparently  do  not  decussate  until  the  medulla 
18  reached :  or  they  may  pass  to  the  cerebellum  by  the  direrl  rereheffar 
tract  and  posterior  columns  to  the  restiforni  body  and  thence  to  the 
cerebellum. 

On  the  other  hand,  voluntary  motor  impidses  after  having  crossed 
in  the  pons  varolii  and  medulla  oblongata  descend  in  the  antero-laterr^l 
columns  of  wliite  fibres  {cromed  pyramidal  tracts)  to  leave  the  cord 
through  the  anterior  roots  of  the  spinal  nerves,  after  Ajmiing  communi- 
cation with  the  motor  cells  of  the  nnterior  coniua.   The  direct  pyramidal 
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Fig.  iMa.— DlAOKASf  of  a  BFIXAI.  8«01ff»!»T  AB  A  Spr?f  Al*  CirjeTK*  A3St>  Oosf- 
Dt'CTISrO  MEIHril,   AFTEU  nHA!l«WlCt.U     (LandttU.) 

B,  rlrht.  B'.  Ufi  ««r»hni1  heiiiirt*tMf«i:   M  O,  ni«<'lull«  nlit««falB:    I,  ntttuv  (rv^  h**m  TidM  ^oailU 
•tvKfrr,  1iir7.>''v    >t.Hii....tri<.f  ,it  ^I  U    .ii.l  t^Mlflit  <litM  n  Ut*  l»L»r»l  iwlitm*  nf  lit*  ^ird  t>«  %%m  mpfanttm  aM 

t'  ..i  th«  I«n  ild^  of  th#  iHidr  :    It  dMuiBAtwi  ttH-irtlT  aA«r  Mil* 

iaaicaie  trbc  aire  tr>ii  *a  tiio  iiiui>u.*e«. 
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tract  descend ing-  in  the  anterior  folnran  may  citlier  supply  the  mnRcles 
whifh  always  uct  togf tUtir  on  Uitli  si*lcs  of  the  body ;  or^  according  to 
other  oliBervers,  they  cross  in  the  antcirior:  eommissure  tu  join  tlie  lateral 
pyramidiil  traot  (Fig.  343), 

T!je  paths  of  conduction  of  motion  and  sensation  will  again  receive 
attention  when  the  upwaixl  eoiineetions  of  the  different  oolunins  of  the 
cord  have  been  traced* 

VT.  THE  FUNCTIONS   OF  THE  BRAIN. 

In  its  earliest  stage  of  di'velopmeiit  the  brain  Binipl}'  consists  of  the 
dilated  extreraity  of  the  medullary  tiilie  foriped  by  the  turning  in  of  the 
Tnednlhiry  folds  of  the  eetoderm.  Almost  immediatt'ly  al'ter  the  closure 
of  the  medullary  canal  its  anterior  termination  is  seen  to  become  differ- 
entiated into  three  bilateral  ayniraetrical  vesicular  dilatations,  which  are 
the  starting  poitds  of  the  fore-,  mifl-^  and  hind- 
brain.      From    tUe    fore-brain   the   cerel^ral    lobes 
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FlO,  SW.— DiAOttAK   OF 

TICK  rrnKmiAt,  Vku- 
irLKs  uv  TUK  Brain 

OF    A    t   IIICK    AT    THE 

SF.eciNn    I^AV  OF  In* 

CVBATlny,  AKTEH  Ca- 
di AT.     (iVo.) 


Fig.  ail— Diahram  of  a  Vkhticai.  TxiNNiTrnjNAL  HKVTin^ 

OF    A    iMCVKJ.nPINa    HUATN   OF    A    VEUTF.nKATF     ANIMAL, 
SHOWlXri     TUK     RKLATIONS     HF    THE    TlIKKK    rKltKilHAI. 

Vkmicles  T*t  Tnt:   Juki-'Kuknt   Parts  of  tjib   Aditlt 
Brain,  a ftek  H i  x j. e y.    t  rr -o. ) 
Of/,  nirapcrb>i7  lotMi;  F.JT,   lli«  f'trmricn  4*f  Mofift);  C.X,  forpnt  ■triatmn:    Thr 

restfonp  from  i*blr}i  ffpHon  iht  prmnial   nerret ;    J,  DiraetonrTratriclB;    2,  LaUiril  tmi- 


develop  as  two  hemiftplicrical  vesicles  (proseneephalo}}),  nvhwh^  In  the 
brain  of  the  highest  numiinalw,  so  increase  in  size  upward  and  backward 
as  to  cover  more  or  less  completely  the  remainder  of  the  primary  cere- 
bral vesicle,  the  mid-,  and  hind-  brain,  so  that  tlie  mid-braiu.  composed 
of  the  optic  tlnilanuis,  corpora  quadn^remina,  and  corpora  striata 
{me»ence.pkalon)y  lies  beneath  the  hemispheres.  From  tlie  hind-brain 
originate  the  cerebellum,  pons  varolii,  and  the  medulla  oblonj^ata 
{mtft:Ienct'phahn).  At  first  all  these  parts  constst  of  thin-walled  vesicles 
communicating  with  each  other  and  with  tiie  interior  of  the  central 
etinal  of  the  spinal  cord  (Ficrs.  344,  345  and  340). 

In  higher  stages  of  development  the  walls  of  these  cerebral  vesicles 
become  not  only  thicker  and  their  cavitieB  emaller  and  smaller,  bnt 
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elevations  (gyri)  and  depressions  (sulci),  convolutions  and  fis 

so  as  to  give  to  tUe  brain  its  clmr 
a[)p^arance,  tlie  degree  of  ex  ten  ml 
plexity   differiug  in   ditfereut  cli 
animals. 

In  fact,  the  strongest  )K>iiii 
of  tde  high  iinportancf^  of  the  cer 
and    c.S[ieciully   its    coiiiieetion    wil 
mental  rmiftions,  is  seen  in  the  progfj 
com|>lexity  of  its  surface  in  passing 
the  luwer  to  the  higher  animals.        i 

In  tishes,  am[>hibia,  and  reptilj 
cerebral  cortex  is  smooth,  and  hnt  ^ 
traee  of  the  formation  of  fissures  I 
l>e  seen  in  birds.  In  the  lowest  m^ 
also  tile  hemispheres  nre  smooth,  as  I 
marsupials,  the  lowest  rodents,  if  n<| 
iu  the  lowest  so-called  (iliadrumaiu^ 
the  lemurs.  But,  aseeu<ling  to  the  J 
orders  of  mammals,  the  bemispbefl 
come  more  and  more  anleated  01 
surface,  until  the  ridges  or  con  volt 
become  more  and  moi-^  numerooi 
complex  as  we  reach  the  highest  ma^ 
or  the  highe*?t  genera  in  the  several  d 

The  cerebral  convolutions  m^ 
said  to  be  characteristic  of  the  bmi 
mammals,  and  may  be  considered,  firstly,  in  regard  to  their  g| 
plan,  and,  secondly,  their  relative  complexity  within  that  plan,       ( 

Tlie  liiirhf^st  dfjxree  of  complexity  of  the  perehral  ccmvnhuioas  h  s^ii 
hmin  of  nnin,  of  which  Ihe  most  iiui»irfant  lire  repi-escntcd  in  tIh  foil 
diaj^ranis  (Fiir**.  34T,  3-18,  349).  Earli  cereliml  lH*mi&j>here  is  ^u' 
externtil  surfjirt;  into  five  lohes — the  froatat,  piirietal,  ocdpital,  tenn 
and  iftlund  nf  Keil. 

In  tUc  (\)  frffntal  lobe  are  found  three  convolutions — ^tlie  if*i] 
and  itifrrior  frr)ntal  convolutions.     Behind  these  comes  the  a/^ 
rated  froTU  ihr  in  hy  tlii'precenlral  fissure  an<i  liounrhnl  poster 
Riihtfido,  wlitcli  foVnis  fhc  anterior  hounihirv  of  (2)  the  panrta 
limitml  below  by  the  fissure  of  Sylvius  unci  behind  by  the  pa:  \t\ 

In  this  lobe  iire  fnun*l  the  aneending  pf/riVfrt?  cnnvolutinns  inr 
fissure  of  Rolando,  iupramftrginal  convolulicm  arehlni?  .^ 
extremity  of  the  fi^^isure  of  Sylvius,  and  the  angular  gyru*  »vr*  ^ 
of  the  firat  temf>i>m  sphennidal  fissure. 

(li)  The  ftf/ipor^nphenfudal  Inbe,  tiounded  In  front  by  the  fissn 
cOTilainR  three  horizontal  convolutions.  »uper%€tr,  middU,  aud  %nff\ 
sphenoidal  con vidut kins,  liie  first  two  heinsf  Si^paruted  liy  the  pumllel 

(4)   The  ofripit'd  lobe  is  separated    from  the  panetfil  lolw  by 
occipital  fissure,  and  likewise  contains  three  convolutions  on  its  outer  surti< 
9uperi<^rt  middk,  and  vi/erwr  occipital  convolutioua. 


Fio.  346.— DiAOHAM  or   A    HOR- 
lasozvTAL     skctjom      of     a 

VEBTEBRATK   BRAI5«   APTEIl 

HrxLKY.    {Yvo.) 

O^/,  Olfjkotnrjr  IoIm  ;  L.t,  l&miu  ttmil- 
ftaJli:  C.5.  ooTTMi*  MriaMm ;  rh,^pHt:  thaU 
«aiai:  Pit,  fvinMil  clnBd:  IT  A.  iDt4-t»ntiit; 
CI.  esFtttiallani;  M.tJ,  mwlalla  ohlonfftta; 
J,  olAwtorr  r«iitrlct«;  t,  l«t«rftl  T«iitrlor«: 
3,  tfeJrd  *Bntric!«;  4.  fowrtli  v<incriel» :  4- 
lUr«  Urtia  wl  <iuftrltini  vtntHciiliina  ;  F.M^ 
ioMBomm  «f  Mvnrv ;  ii,  upUa  nerv**. 
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(5)  The  central  lobe,  or  isknd  of  Rell,  consisrs  of  five  or  six  short,  strnfght 
convolutions  {;j^ri  apcrti)  mcliatiti  lc  out  iiud  back  from  tbc  anti^rior  perbirnUHl  spot, 
and  run  only  bf  seen  when  the  marg^ins  of  tlie  fissure  of  Sylvius  are  sepa ruled. 

On  tilt!  iiinor  surface  of  etic'b  liemitiphere  is  rbe  gyrus  forniaitu8r  or  avnvo- 
lutioii  of  ibii  corpus  callosum,  which  terminates  posterkirlj  iti  the  g^rus  yneduttui 
or  gyrus  liiiiiK>cnmi>i.  Above  is  the  marj;:inal  couTolutlon,  which  is  simply  the 
inner  surfjice  of  the  frontal  and  parietal  convolutions  while  the  inner  surface  of 
the  ascending  parictiil  convolution  is  termed  the  quudratc  lobe,  or  priecuiaeus. 
The  paruUt-tHripidil  tlsi^ure  terminates  in  the  cai^uirinf  fissure  and,  running  back- 
ward in  the  occipital  lobe,  incloses  the  wedge-shaped  lobule, — the  cuneus. 

The  imi»ortance  of  iin  acquaintance  with  the  princlpiil  cerelmxl  convolutions 
A»  here  sketched  will  be  seen  when  the  fuiaciions  of  the  cerebral  cortex  are 
opn&idered. 
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Fig,  !M7.— Left  Brnii:  of  thb  Httman  Brain  {DiAORAiniATTc),    {Landois,) 

F  frftutal.  P  p>ari«t&1,  O  o<Mri];)itft!l.  T  t«inpiiirO'«r')]«noidiil  l»twf :  %  fimvr%  of  SrlTint;  S'  hoH««iii> 
tftl,  S"'  «**n<!inf  ramui  "f  8;  *•.  iiilcui  c«titrfl.Hi,  ar  fl»tnro  of  R)>Un*l>t;  A  »*i?<«diDj;  ft^mUil  and  B 
JlPMikdiufiT  |«ri«ul  {NiDTolutioni t  F|  *u|i«rior»  F«  miilcile.  md  Fj  inferior  fmnUl  ofHivulntlooi;  /i 
4lBp«ri»r  nail  /'•  iTif*ri(»r  fraatikl  flwnrM ;  /jj.  fulrai  frwccotnilU:  P,  aui^rir^r  (>nri«tal  lubuk;  P|, 
limrior  f&ri«lAl  lubulo,  cr>niiLBtinf  of  pj,  mpnimarffin^l  grniw,  Kntl  P^'^  AnirulKr  irtniB:  ip,  luTrut  \n\mt- 

Kri«llkUi  ;  rm,  tBrtnlnatioB  dT  m]Iri«iHmnT^inftl   (l9«ur»;   IK    nnL  fls  Be<*<)°^>  *^  t\\\vl  M%lTiit*l  ctmrrdii- 
B»;  p**.  iitkti^U'-oecipkXai  fliaarv :   '>.  trmnarenw   ocfj|nta1    Auurt;   <•;,  iufurjor  luagitiidlnkl  uccffiiUi] 
•Marr:  T|  BraU  Tj  a««oiMi,  T«  tfalnl   tvmpoivHipbtaoidBi   convoliitloiui;   it]  flrat,^  Jg  OTOoad  Umporo- 


In  ino«t  riiminnnts  the  convolntioTis  arc  arranged  in  the  form  of 
irallel  fulda,  extencHng  from  the  front  to  the  back  of  ench  hcraisphere, 
but  are  touch  more  complicnted  than  in  tlte  carnivora^  whefG  the  surface 
of  the  hemispheres  is  divided  into  four  pairs  of  atitero-posterior  convo- 
hitions,  distributed  around  the  upper  end  of  tite  Sylvian  fissure  and 
pfts&ing  from  the  frontal  to  the  parieto-temporal  lobe  (Fig,  350). 
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In  tlje  ruminants  traces  of  the  fisstire  of  Rolando  may  be  d€ 
but  in  none  of  the  ruminants,   rodents,  marsupials,  or  even  camivor 
■with  tlic  exception  of  the  seal,  is  there  to  be  found  a  backward  prolong 
tion  of  the  lateral  ventricle  forming  a  posterior  eornu. 

In  the  (lUJidrnmima  the  plan  of  the  arrangement  of  the  cerebral  con 
Yoltitionsto  a  certain  extent  resenables  tbat  seen  in  tbeccrebnim  ofmsn — ^^ 

The  c bar aeieria tics  of  this  organization  are  fonnd — first,  in  U^^^ 
existence  of  the  occipital  iobe^  with  the  prolongation  into  it  of  the  later^^^ 
ventricle;  second,  the  fissures  occupy  the  [>osition  of  the  fissures  of  tliez:^ 
human  brain,  of  which  the  most  important  are  the  fissure  of  Rolando  ,  p 
dividiDg  the  frontal  from  the  parietal  lobe,  the  par ie to-occipital  fissiui^czn 
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Fia. 348.— Mkt>ias  Aspiict  of  tub  Right  Hemisphkrk.    (Lmmdcfs.} 


inrtion  of  |t«»uni  of  Rolkn^u;  A,  m«r«i)dinff  frimtal  niiivututioQ;  E.  Mr«n4fiif  pftrtataJ  •a«««lM»«i«  tm4 


distiiigui.shiug  the  occipital  from  the  pitrietal  IoVjc  ;  and,  thini,  the  ilssnr^ 
of  the  hippocampi,  formed  by  the  folding:  inward  of  the  cerebral  substance 
along  tlic  posterior  comua.  In  the  higher  monkeys  nnnieroiis  other 
fissures  complicate  the  cerebral  surfaces  and  to  a  certain  extent  corre- 
spond with  the  firnuigcinent  of  the  convolutions  in  the  human  brain. 
In  all  tliesc  may  be  recognized  certain  primary  frontal,  parietal.  occipital| 
and  temporal  convolutions,  which  have  a  general  longitndinal  directioib 
As  a  ruk\  tlie  cerebral  hemispheres  ure  more  convoluted  in  the  Imtgei 
species  of  any  group  of  mammals  than  in  the  smaller  species  of  the 
same  group.  For  example,  in  the  pachydermatA  the  highest  di*^T«e  of 
complexity  of  the  convolutioiiB  is  found  in  the  elephant* 
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The  basal  ganglia  likewise  depend  for  their  degree  of  development 
npoD  the  position  of  the  animal  in  the  zoological  Beries.  Thus,  the 
corpora  quadrigemina  art%  as  theii'  name  implies,  divided  into  fonr  emi- 
nences in  all  mammals,  tliu  anterior  pair  being  larger  in  herbivora  and 
"tbe  posterior  in  carnivora. 

In  bi^d^l,  reptiles,  and  flahea  they  consist  onl}"  of  a  single  pair  of 
ganglionic  masses,  and  are  termed  the  corpora  higemina,  or  optic  lobes. 


yteh  MJL— ORIITTAL  RURFArE  OF  TlfB 

Cnrr  f^kiintal  I/>re  anh  the 

ISLAJWD    OF    KrII.,    the    TlP     OF 
THE  TKnrttRO  '  Hl'HKNt>n>AIj 
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Itff,  Ma¥oltititJDi  i.f  th«  orbital  larfkoa ;    /,  J.  /,  J, 
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So,  also,  the  corpora  striata  in  all  vertebrates  are  covered  by  the  cere- 
bral hemispheres,  but  in  descending  the  animal  series  the  rednction  in 
the  size  of  the  cerebral  lobes  gives  a  relatively  greater  importance  to  the 
corpora  striata.  The  size  of  the  optic  and  olfactory  lobes  varies  in  dif 
ferent  groups  of  animuis,  beioi^  lartre^t  in  those  in  ^hicli  the  special 
senses  associated  with  these  parts  of  the  brain  are  most  highly  developed. 
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Further,  In  descending  the  Tertebrate  series ^  the  laii^ntl  Till 
l»Come  smaller  in  extent  and  of  simpler  form,  the  posterior 
Ijefng  absent  in  all  aniinaU  ImjIow  the  quadrumanrij  with  the  esi 
of  the  seaL  The  gray  matter  of  the  hemispheres  itkewi&e  dinii 
nntil  in  ti^ihes  the  gray  cortex  is  so  tliin  as  to  Iw  altno»t  imlbtl 
able  to  the  naked  eye*  The  corpus  calbsum  has  its  hi^hefll  d 
ment  in  man,  and  iti  the  lower  nmnimals  becomes  boUi  sltortfl 
before  backward  and  thinner,  and  gmdually  beeoniea  inclindt  i 
and  backward ♦  In  the  marsupials  it  is  rudiment-arj^nDd  in  novel 
lower  than  mammals  is  there  any  tmce  of  the  corpus  enllo^umi  i 
represented  in  birds,  reptiles,  nmphlbia,  and  fishes  merely  by  t?^ 
eommisftural  fibres  crossing?  at  tlie  bitse  of  the  cerebrum.  As  XU 
spheres  b<*come  reduced  in  importance  there  is  n  eorres|xindiiig  i 
cation  in  the  meduHa-oblongata  and  a  diminntion  of  the  cerebelli 
pons,  the  pons  being  absent  in  re^jtilcs,  amphibia,  and  fiaheft. 

No  olivary  ivodies  or  corpom  dentata  are  to  be  distinguii 
aaimals  lower  than  mammals,  the  anterior  and  posterior  promiitctK 
rtstifonn  bodies  often  constituting  the  entire  mimn  of  %h»  1 
oblongata. 

The  fourth  ventricle,  on  the  other  hand,  is  more  clearly  ihaj 
the  lower  animals  and  is  more  directly  continuous  with  the  centra 
and  spinal  cord. 

IJkc  the  cerebrum,  the  oerebellura  likewise  diminishe«i  in  | 
from  the  liighesi  to  tlie  lowest  vertebrates.  In  birds  the  bulk 
cerel)elluni  is  composed  of  the  vermiform  process,  while  in  n 
amphibia,  and  fishes  this  median  portion  is  alone  present.  Li 
cerebrum,  the  cerebellum,  also,  becomes  progressively  simplilif 
laminai  or  convolutions  diminish  until  they  are  comparatively  few 
bird,  while  thoy  are  absent  in  reptiles,  amphibia,  and  fishes,  in  wlii 
surface  is  quite  smooth. 

In  tlic  fvo<r  the  cerebellum  forms  a  simple,  smooth  band,  and 
lowest  fishes  is  so  reduced  in  size  as  to  no  longer  cover  the  m 
oblongata. 

In  many  carnivora  and  ruminants  the  cerebellum,  instead  of 
composed  of  broad,  smooth,  lateral  hemispheres  joined  by  the  vern 
j)roccsses,  is  very  uneven  on  its  surface,  and  apparently  consist 
cluster  of  a  number  of  lobules. 

The  internal  structure  of  the  cerebellum  likewise  becomes  siin 
and  the  internal  laminte  of  gray  matter  disappear.     In  general,  it 
appear  that  tlie  more  complex  the  character  of  the  movements  of 
the  animal  is  capable  the  higher  will  be  the  plane  of  development  t 
cerebellum. 

Only  in  the  large  cetaceans  and  pachyderms  is  the  brain  abso! 
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heavier  than  in  man ;  thus,  in  tlie  whale  its  weij^ht  is  about  five  poimds, 
while  ill  the  elephant  it  varies  Iruni  eiglit  to  ten  pounds. 

Compared  with  the  weight  of  the  body,  the  brain  diminishes  in 
weight  in  tiie  following  order  i^ — 

In  nnimnmls,  1  to  186;  in  birds,  1  to  212  j  in  reptiles,  1  to  1321;  and 
in  fishes,  1  to  56H8. 

In  nnmimals  the  relative  proportion  of  the  brain  to  the  body  is 
Bnmllfr  in  the  larger  specie's.  Thus?,  in  the  ox  it  is  as  1  to  800;  the 
elephant,  1  to  500;  the  horse,  1  to  400;  sheep,  1  to  350;  dog,  1  to  305; 
the  eat,  1  to  15*);  the  rabbit,  1  to  140;  the  rat,  1  to  7C;  fitild-nionse,  1  to 
31 ;  man,  1  to  30.  It  is  thus  seen  that  in  few  aninnds  is  the  bruin 
heavier  compared  to  the  body  than  it  is  in  man,  though  in  a  few  singing- 
birds  it  may  amount  to  as  much  as  1  to  12. 

It  roust  not  be  forgotten  that  the  estimates  of  the  weight  of  the 
brain  include  the  sensor^"  and  motor  ganglia  at  the  base  of  the  eerebrura, 
the  optic  thahtmi,  the  corpora  striati,  and  the  cerebellum  .and  in  the  lower 
mammals  these  portions  cd'  the  brain  constitute  by  far  the  greater  jiart ; 
hence  the  size  of  the  cerebnd  lobes  as  an  index  of  the  power  of 
intelligence  is  not  disturbed  by  these  figures. 

To  recapitulate,  the  principal  ditference  noticed  in  the  brain  in 
passing  from  the  higbes^  to  the  lowest  verteln-ata  is  not  onl}'  in  its 
relative  decrease  in  size  but  also  in  its  gradual  simplifieatioii  in  form  and 
Btructure,  more  especially  in  the  cerebral  hemispheres  and  cerebellum. 
Thefe<e  organs,  indeed,  gradually  become  smaller  in  propoition  to  the 
sensor)'  and  motor  ganglia  at  the  base  of  the  cerebium ;  or,  in  other 
word*,  the  ganglia  exhibit  a  greater  proportionate  size  as  cojupared  with 
the  cerebral  hemispheres  and  eerebelliim. 

In  the  highest  mammals  the  cerebral  hemispheres  completely  cover 
the  olfactory  lobes  in  front  and  the  corpora  qnadrigeraina  behind,  and 
in  man  even  overlap  the  cerebellum  ;  but  in  the  carnivora,  ruminants, 
and  lower  mammals  the  cerebral  hemispheres  no  longer  overlap,  but 
eren  fail  to  cover  any  part  of  the  cerebellum,  while  in  the  ruminants 
the  anterior  part  of  tlie  hemispheres  is  so  diminished  as  to  permit 
the  projection  of  the  olfactory  lobes  beyond  them. 

In  rodents  the  cerebral  lobes  have  l»ecome  still  more  retracted 
and  now  a  portion  of  the  corpora  qnadrigemina  becomes  visible. 
In  birds,  while  the  olfactory  lobes  are  covered,  the  optic  lobes  are 
exposed,  and  in  reptiles,  ampliibia,  and  fishes  the  cerebml  liemisj»hcres 
become  so  much  further  reduced  in  size  as  to  merely  cover  the  corpora 
striata  with  a  thin  layer  of  cerebral  substance. 

In  the  lowest  vertebrata  the  parts  of  the  eneephalon  thus  appear  to 
be  arranged  in  a  double  symmetrical  row,  one  behind  tiie  other.  The 
most  anterior   in   this  row  arc  the  ganglionic  masses  which  form  the 
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olfactory  lobes;  bcbiiid  tbera  come  the  cerebral  lobes  covering  thi 
corpora  strifitn,  and  the  third  and  usually  the  largest  iiias&,  corresixnui- 
ing  to  the  optic  thalami  and  corpora  quadrigemiua ;  behind  them  is  6«ea 
the  cerebellum  as  a  siimll  central  mass,  while  the  medulla  oblongaliii 
the  conneetitig  link  between  the  spinal  eord  below  and  the  basal  gtiiglb 
of  the  brain  above.  These  diflerent  parts  of  the  brain  will  l»e  taken  up 
in  tartly  commencing  with  the  medulla  oblongata  as  the  cranial 
prolongation  of  tlie  spinal  cord. 

L   Medulla  Oblongata. — The  medulla  oblongata,  like  the  spia^  M 
cord,  is  composed  of  two  symmetrical  halves,  each  capable  ofaeparati^*" 
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ItOv  BSL— SECTioif  or  tiik  DEcnsaATiojr  of  TDK  Pyramtd*.    {Litmdo(M.\ 


f,hn„  ««|arfor  in*4tftii  fliware,  <tliplmi7«4  tftUtnll}:  1>Tth«  ibiw  d 

u}«ni:  i-<t,  ntck.  j^nj.  ^„  head  of  the  fK»»terl»r  cornq  ;  r^.V^l.,  |n«ti 
H.r.,  Ant  JndiiAtlnn  nf  the  duvIqui  nt  th<o  fiinlmlni  raii«»t^iu:  n.^^ 
cilia;  It^t  runiealti*  RnuilU:  !tt,  fttnloulu*  cii»«*tu«;  «./.j».,  pogilMrii 
Obie  L'aEU  la  L!bB  Iulm  uf  Lh«  Jwiitoriar  eorau.. 


Mil  n«  at  if.'  r«  uklartar  fl^vaMt 
-  foot  gr  Um  int  MTTkal  Mrf. . 


b^^  the  naked  eye  into  three  different  divisions,  the  anterior  pyramidfl^ 
the  olivary  and  restiform  bodies. an<l  the  posterior  pyramid, or ywuirM/r/l 
graeiliH,  The  lower  end  of  the  medulla  oblongata,  at  the  point  of  exit 
of  the  roots  of  the  first  cervical  nerves,  is  characterized  by  a  deviattoii 
of  the  lateral  eolurans  (crossed  pyramidal  tract)  of  the  cord,  which,  u| 
to  this  pirint  running  parallel  with  the  axis  of  the  cord,  here  turn  iil^ 
through  the  gray  substance  of  the  anterior  horn  and  cross  to  the  oppo* 
site  side  of  the  cord  in  the  anterior  white  commissure  to  join  the  dire*!t 
pyramidal  tract.  The  lateral  columns  of  the  eonl  consequently  form  a 
decussation  at  the  bottom  of  the  anterior  longitudinal  fissure  in  the 
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mediilln^  tins  point  of  crossing  being  termed  the  decussation  of  the 
pyramids  (Fig,  851). 

Tlie  anterior  pyramids  are  thus  made  up  of  the  crossed  pyramidal 
tract  from  tin*,  lateral  column  of  the  opfiosite  side  of  the  cord,  and  the 
direct  pyramidal  tract  from  the  anterior  column  of  the  same  side  of  the 
cord. 

Of  the  pyramidal  fibres  some  pass  through  the  pons  directly  to  the 
cerebral  cortex  in  a  manner  to  be  descril^ed  directly,  some  pass  to  the 
cerel>elUim,  and  some 'join  fibres  coming  from  the  olivary  body  to  form 
the  olivary  fasciculus. 

Tlie  rcmain<ler  of  the  anterior  coUimn,  the  antero-extemal  fibres,  lie 
under  the  anterior  pv  ram  ids  and  form  part  of  the  forma  Ho  reticularis. 

In  the  neighborhood  of  the  first  cervical  nerve  and  the  point  of 
orisjin  of  the  first  root  of  the  hypoglossal  nerve^  laterally  from  the 
anterior  pyramids,  lie  the  remainder  of  the  lateral  columns  of  the  cord 
which  have  not  undergone  decussation,  the  direct  cereliellar  tract  passing 
backward  to  rejoin  the  rest i form  body  and  go  to  the  cerebellum  ;  the 
remaining  fdires,  passing  underneath  the  olivary  Inxlies  and  af)pearing 
in  the  floor  of  the  medulla,  form  the  jrasviculua  teres  and  pass  to  the 
cerebrum. 

Farther  outward  from  the  anterior  pyramids  are  found  the  gray 
masses  of  the  olivary  boilies,  the  pyramidal  nucleus,  and  the  accessory 
olivary  nucleus,  through  which  passes  toward  the  middle  line  and  backward 
the  remainder  of  the  anterior  column.  The  gray  substance  of  the  olivary 
bodies  on  section  possesses  the  form  of  a  horseshoe,  whose  areh  is  thrown 
up  into  numerous  fohls  and  whose  opening  is  directed  toward  the  centre 
of  the  medulla*  It  contains  numerous  smal!,  yellow,  pigmented  multi- 
polar ganglion  cells,  and  emhrfices  like  a  capsule  a  tract  of  medulla  ted 
nerve-fibres  which  enter  through  the  hylus  of  the  olivary  bodies  and 
Spread  out  over  the  entire  inner  surface  of  the  gmj  substance,  In  all 
probability  some  of  these  fibres  terminate  in  the  ganglion  cells  of  the 
olivary  Ifody.  The  remainder  pass  through  the  gray  suhstance  of  the 
olivary  boily  and  partly  unite  with  the^  fibrous  columns  of  the  restiform 
bodies  and  partly  surround  the  exterior  surface  of  the  olivary  bodies. 
The  gray  substance  of  the  pyramidal  nucleus  and  the  accessory  olivary 
nacleus  resemldes  in  all  respects  that  of  the  olivary  bodies.  Tbc  former 
lies  in  the  hylus  of  the  olivarj^  bodies  toward  the  posterior  central  line 
of  the  pyramiflal  and  olivary  column r  ;  the  latter,  in  the  form  of  a  thin, 
concave  plate  of  gray  matter,  lies  between  the  olivary  hylus  and  the 
corpora  resti formes,  which,  by  a  collection  of  gmy  matter  (Clarke's 
column),  form  an  imbroken  continuation  of  the  posterior  columns  of  the 
cord  to  the  cerebellum. 

The  restiform  bodies  form  the  poBterior  division  of  the  medulla 
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oblongata  and  appear  to  th€  naked  eye  as  tlie  inimedtate  coutifitial 
tbft  putter! or  white  coUimns  (poBtero-extemal  fibres)  of  the  epiiii 
At  the  level  of  the  romiiien  magniim  they  divide  and  eipoae  the  I 
gray  substance  of  the  «plnal  coni,  whieh,  previoaslj  covered  bj  tl 
terior  columns,  here  Iweuinea  exiwsed  on  the  posterior  surtiic^.  I| 
matter  at  tfu^^  point  also  beeomes  flattened  out  through  the  opening 
oentral  canal  of  the  spinal  cord,  Its  bortlers  being  dattened  out  In! 
The  posterior  pyranilda  form  the  upward  coiititmatiOD  of  the  p 
median  llbres  of  the  posterior  columns  of  the  cord. 

While  the  gray  8u!>staui.'e  of  the  s^pinal  cord  forms  a  compae 
traversed  only  by  the  narrow  central  eanal  and  is  everywhere  surn 
by  a  sheatli  of  white  sulistaiiee,  in  the  medulla  it  becomes  ex|J09 
form?*  a  flattened  layer,  and  U  divided  into  two  symmetrical  hftlve 
on  each  side  of  the  niediuu  line  and  bounded  only  by  a  slight  r 
last  trace  of  the  ceutral  aplnal  canal.  This  exposed  surface  i 
matter  in  the  me<lulla  oblongata  has  the  form  of  an  elongated 
whose  longest  diagonal  coincides  with  the  medinn  line,  and  it  fori 
floor  of  the  fourth  ventricle,  communicating  abf>ve  with  the  aqud 
Sylvius  and  Mow  with  the  central  canal  of  the  spinal  curd^  tfai 
pointed  end  of  this  surface  bearing  the  name  of  the  calamim  SGrl| 
The  gray  fttUjstance  of  the  floor  of  the  fourth  ventricle  is  entirely 
to  that  of  the  spinal  cord;  it  contains  a  large  mass  of  multipol 
glion  cells,  of  wiiich  ;i  few  form  distinct  roots  and  appear  to  be  in 
communication  with  the  cranial  motor  nerves. 

Tlie  ganglionic  origin  of  the  sensory  cranial  nerves  is  less  dis 
made  out.  It  is,  however,  clear  that  all  the  cranial  nerves,  fn 
oculo-motor  to  the  hj^poglossal,  originate  in  the  medulla  oblongfl 
its  annexes.  Onh^  the  optic  and  olfactory  nerves  originate  witl 
cere))rum.  The  gray  matter  of  the  floor  of  the  fourth  ventricle  U 
direct  continuation  of  the  gray  matter  of  the  spinal  cord,  and  is 
extent  analogous  to  the  anterior  columns,  the  pyramids,  and  cer 
fibres,  which  pass  without  interruption  from  the  spinal  cord  in 
medulla  oblongata. 

The  anterior  divisions  of  the  lateral  columns  of  the  spina 
likewise  pa-^s  without  interruption  into  the  medulla  oblongata  and 
themselves  between  the  olivary  body  and  restiform  bod}',  without 
ever,  passing  farther  toward  the  median  line  (Fig.  352). 

From  the  raphd  originate  numerous  nervous  fibres,  or  so- 
internal  transverse  fibres,  which  cross  the  longitudinal  fibres  « 
medulla  nt  a  right  angle  and  split  up  into  a  large  number  of  si 
bundles,  the  net-work  so  formed  being  described  as  the  reticular  1 
tion  of  the  medulla  oblongata.  This  net-work  incloses  in  its  s 
numerous  multipolar  ganglion  cells,  in  which  terminate,  in  allprobal 
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STtain  of  tlie  fibrL*s  of  tiie  latenil  cohJinns  of  thiM/onl,  anrl  soennbk'tbe 
ledulla,  by  briii^^iii^  it  into  rumiininiesitioti  with  iiiiprt'ssioiis  etmiing 
t>in  beltjw,  tu  net  as  a  reflex  centre.  Tlic  transvefse  fibres  of  the 
leilullM  nre  to  lio  regardeil  as  coiniidssurMl  lihres  conrcctiiig  the  two 
aivci*  of  the  luecliilhi,  eHpfcially  th(j  olivary  botlies. 

Closely  allied  to  the  anterior  surface  of  the  olivary  columns  are  to 
B  foniid  the  ^ray  iinclei,  or  the  column  of  Gall  (KeiL^triug)^  from  which 
riginate  the  arciform  fibres,  or  the  external  transverse  filires  which 
irrouml  the  entire  external  8iiiraee  of  the  iin  thibu  to  unite  wilii  the 

I  tern  a  I  transverse  fibres,  from  there 

>  pass  into  the  rest i form  bodies,  and 
uin  there  to  the  eerebellum. 

The  internal  inter  weaving  of 
le  centrifngul  and  centri]>etal 
bres»  tlic  presence  of  numerons  cc^ 
anglionic  cells,  and,  to  a  eertiiin 
tteut^  the  evident  union  of  different 
lasses  of  nerve-elements,  the  sym- 
letrical  connection  hy  transverse 
bres  of  botk  halves  of  the  methilla, 

II  speak  in  the  clearest  way  as  to 
te  high  physiobtgiesil  impHrtance  of 
lis  portion  of  the  et^ntral  nervous 
^^stein,  lioth  as  tlie  seat  of  reflex 
jntres,  ns  the  origin  of  numerous 
ranial  nerves^  and  as  the  patlis  of 
jmmnnication  from  the  spinal  cord 

>  the  brain. 

As  is  evident  from  the  anntom- 
lal  description  of  the  medidla,  in 
lany  respects  It  forms  the  most 
oportant  part  of   the  central    ner- 

5US  system.  It  forms  the  ganglionie  ».rv  MoriiAi  nudou.  qf  me  funiuiuu  .,o.t=-iu*i  ^,  ^. 
irmination  ol  a  lart;e  nnmber  \n  *frnonu: /f^ fiit.iouiu«,on«itai.t  c.r., «,uirmie«i«ij /a, 
[>reB ;    most  of  the  cranial   nerves 

ad  IB  it  their  origin,  auil  in  it  tlie  most  diverse  systems  of  the  animal 
ydy  are  brought  into  nervous  connection-  For  the  ascending  motor 
id  sensory  nerves  of  the  spinal  cord  it  forms  not  only  ihe  means  of 
mduction,  but  is  tlie  seat  of  important  centres  of  co-ordinalion.  These 
tths,  and  the  most  important  centres^  wtq  represented  in  diagrammatic 
in  Figs.  353  and  :354, 
[It  has  been  seen  tliat  w!jen  the  spinal  corfl  is  divided  below  Ihe  level 
de  medulla  oblongata  in  the  frog  it  remains  jjerlectly  motionless  and 


%^- 


flA. 


c —  n.ar 


Fig.  a'>2.— Section  of  the  Mf-dfli^a  nii- 

M>NCJATA  AT  THK    SO  CALL KH    I'lTKa 
IlEeeSSATION      UF     TIIE     Pykasjids. 

f'J.n..  anlArior.  n.t.p..  ptrnteriar  mediftn  ajwnrKs; 
nXl.  rinol*?n»  «f  thi!  nccwHiiriua  v*«iit;  n,XII,  Dodeu* 
itT  thf  h\f»tgh<#im\ :  f/.a.,  the  iwi'tiBllwf  mijierlitr  ur  ftuUridr 
d^smuftCion  of  fh*  r'^mtnifli;  jtu,  ajil«n«*r  pymtnid ; 
njtf.,  noclpiM  •nifuniitA}  ol.  mWlJan  pftruliTkA  liody; 
ft,  hcjrintiinr  nf  tht,  nndtftiii  of  tht:  ullvtirv  I-lIV  ;  h.I. 
mii-liniji  of  tn«  httirmJ  t^flimiin  ;  F.'..  '',i  Mi;i;"'  .  i,  ■  n  i,iri*; 
fl.   RfthftAnlLlu  K«1iit|inQfMi.  wtth    (<*   T  ,         ,,   ,       r,-,* 
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in  an  fipi>nreiit  coiiflition  of  almost  total  panilyfiis,  yet  atler  Uic  shock  of 
the  operatitHi  lias  passed  otl'  a  numlwr  of  hi«:bly  complex  reilcx  motion* 
miiy  he  evokt**!.  If,  however,  the  sct-Uon  of  the  eoril  Jie  mtide  at  iitv 
uiiteiiar  bonier  of  the  nu^dulhi  the  position  of  the  frog  after  the  shock  of 
the  (7perutitni  has  pnssed  oJf  is  more  nearly  iii^rmal,  ami  allusion  liMbetii 
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FlO,  aVl— IH  AOBAM  OF  THK  CHIKF  TflArTS 
IS      fllK     MKIII'LLA,      AKTKU      EHB. 

T>ka  \'>Tva.*\  wt  r«itf^aUrli#  l«  nprwontadl  by  •hjiiding'. 
O/.,  olivary  ImmJv  ;  T  iLn(«Har,  S  lat*nl.  &ad  /f  |ii)«- 
tariur  aptnki  fankcnVli;  a,  pj-nialdoHiBlafior  tnMfl;  d. 
|i]rr«mi(t»'lat«nil  tnuvt:  Py.,  pfTmnu(Ut  tnet;  A,  n- 
nAi»d«r  of  »iitoHi>r  cnlaran  ;  f,  fMuiaiUr  ofttw  latw«] 
colamo:  *»  <,  c*rt>»ll<>-Iiiteral  ttict;  /,  faQisvtm  hi*' 
ciliA,  Bivl./'.  ottclftai  of  tlia  vmbv;  jh.  Annieqliu  wnv^ 
tiUt  ABid,  jf  ^  auelsut  ni  the  rftUM ;  P.^.i,,  ita.t«ni&l 
fk«eioalQ«  of  tha  (wluae.  obuvIm]]!  ;  P.f.^.,  «jit«raAl 
ftMiooJns  of  tilt  IUB«;  Ckt.F,.  tract  frrtin  oorp.  (|aadr. 
I«  Ibrawl.  Nftta.;  Of.O.,  tlM  mn*  to  tb«  olivurjr  bodjr; 
riM/.,  tnwt  from  tM  Uuluuiu  optitnui. 

made  to  the  fact  that  in  the  mid-brain  is  seated  a  centre  which 
reflex  aetion. 

When  the  cerebral  Iol>es  only  have  l>een  removed  in  the  frog,  volitlr 
is  apparently  the  onl^'  function  of  the  animal  wliieh  is  waiitiu)?,  ami   in 
the  absence  of  atlmtili  of  all  characters  the  animal  remains  nh 
inert.     If  such  a  frog  is  thrown  into  water  it  swims;  by  stlmul 


Fig.  :tV4.— TKA>v<PAhi- >  I    : 

<»F    TIIK     MF.nrLLA 

Relattvk  ro?nTio>  - 

IMPOIITAST     XrcI.FI.     r 
OF  TIIR  MKni'Ll.A.  Srcv   rRaH 
fit^RFArK  OF    SKCTirix;   TifE  7 
THAT  LiK  Cl4>^En  To  THIA  SrK 
AHK   DKCeiCR   BHADKfl,  AFTRft  ErA 

PMi  pjTmmidAi  met:  IV>  Mr,  AmnmmMiim  «f  rrnslte 
O.  oJiTKrr  hralf  ;  Oji.  •ttcwrtor  attvsfy  |«4r  ;  r,  vmMv. 
rr,  Alddl*  •«iMot7.  rtr.  liifbftiK  mmw^  rae««w  «r 
trinmioiu;  1'/.  nucUn*  r>f  sMini-«n*    iZ   f  \  -    .  - 

F//.  nuelima  tm^tM* 
BUolnat ;   /Jt',  fr1i(*i>  i 

cUiu:  JTt,  nntdcat  nf  tr^e  rnB«.nitii*  rr^nll*;  J|f«  t, 
mlfliu  nntec  tkiMV  of  tb«  UVh  iMa^m.  M^  ff  r|| 
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"body  it  may  l>o  math'  to  lefip  ;  when  pliioed  on  its  haek  it  retiaiiis  its 
norinnl  attitude.  Wlieii  pluced  on  iiii  iiicliiied  {*hmL*  it  nitwls  iijj  until  it 
gains  a  new  positiiin,  and  if  such  nn  exiwriment  be  nmdr  Uy  plaein^i  a 
ft*o^  on  u  small  piece  of  bonrfU  by  jLrrHdnnll}'  inelininir  tlie  bourd  more 
and  mure  the  irog  nia\'  be  made  to  climb  up  the  lioard,  j7as«  over  to  Ihe 
other  siile,  and  the  piece  of  wood  may  be  turned  over  n  Jiumlier  of  times, 
tile  fro|yj  always  movin^r  with  it  aw  hjn»r  as  its  efjuililtrium  is  dis- 
turbed. Such  u  frog  will  likewi.se  be  apparently  sensible  to  li^ht,  and  if 
made  to  jump  will  avoid  objects  easting  a  stronsj  shadow.  8ueh  move- 
iuent8  as  above  described  are  evidently  carried  out  by  co-ordinating 
nieebani&ms  and  goveniefl  by  deliuite  atferent  impulses  (Figs.  355  and 
350). 

It  is  evident,  from  the  existence  of  these  motions  in  the  frog 
deprived  of  it8  eere1>ral  heminplicres,  that  the  mechanism  governing 
them  nHj-?t  lie  in  part^  of  the  eenlral  nervous  system  below  the  line  of 
section*  Nf>  sucli  oi>erf»tions  can  be  etfected  in  a  frog  in  wljirh  the 
nii'didhi  haw  been  rrmoved.  1(  Inllows,  therefore,  tliat  in  the  medidla, 
or  perhaps  in  the  eorprira  ([tiadrigetnina  ivnd  optic  lobes,  are  found  the 
COH}i*dinating  centres  of  the  niui^t  cumidex  muscular  movement. 


.  855,— Kroo  WiTHorT  its  ('KitSBSttrii 

AVOiniN'O  AN     QIUEC  T    PLACED    IN 

ITS  Path.    (Landoia.) 


Fig.  .'It<L— Ft;-".  W  irni^rj    n  -  i  KKif.urM 

MliVlN<i     .>N     AN     Ln<  i.lNKJJ    UoAJLD, 
APTKU  lioLTZ.     {LuHtluiS,) 


lu  the  mammal  f»r  bird  a  similnr  state  of  afHiIrs  is  present,  although, 
miglit   In.'  exj»ectrd»  compbcnled   to  a  greater  degree   by  the  more 
seven*  shock  of  the  f»iM'ration. 

Irj  II  bird  or  a  m:nnmal  in  wliich  the  medulla  remains  after  removal 
of  the  cerebral  bjbes  the  attitude  may  bt*corae  perfectly  uonnal.  If 
pLiceil  on  Us  si<le  it  will  regitin  its  feet.  If  a  bird  be  thrown  into  the 
air  it  will  lly  for  a  considerable*  distance,  perliaps  avoiding  obstacles,  l>ut 
its  m<ivements  more  resendile  those  of  a  stupid,  sleepy  aniraal  than  one 
In  fidl  j>oRsession  of  its  hicnlties.  A  manimal,  also,  so  operated  on  can 
et;ind.  run,  nnd  lefip»  iind  if  |*hiccd  on  its  bjuHc  ran  rct^nin  its  nonnal 
jsition,  but  if  kdt  alone  it  remiiins  nl>sobitcly  motionless.  If  food  is 
pd  in  the  mouth  oi'  Ihe  iniimal  in  whom  ablation  of  the  cerebrum 
Sfts  lM?en  su**cessfidly  perbirmed  the  unimal  will  eat,  and  the  complicnted 
motions  of  mastication  and  degiutitiini  will  be  accomplished  with  perJect 
r»*irtdaritv. 
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In  the  case  of  inninmals  it  oiiglit^  perhaps  witU  more  correctuais^ 
to  be  stateil  that  these  hi^lily  co-cinlioale  movements  owe  their  jjerfunii^ 
anee  to  pMrts  :ii*ov<.'  the  uieclulhi,  since  the  retno\^id  of  the  optic  liiabiui, 
crura  cerebri,  corponi  qiiudrigemina,  cerebrum,  and  pons  vanilii  U 
nsunlly  followed  by  various  forced  movements,  or  the  aninml  lie^  pHrtlv 
on  its  side,  and,  nltliout^h  various  ooniplcx  njovementa  may  lie  priwlucetl, 
they  lire  much  uiore  limited  thau  when  the  higher  parts  of  the  hraiu  Jire 
left  intact. 

The  medulla  oblongata  is  the  seat  of  a  btrge  number  of  centre* 
poverninji:  comtdex  co-ordinate  mo%'ements,  of  which  the  following  »t* 
the  most  important : — 

(a)  The  liespiralory  Centre.^Thi^  is  located  in  the  medulla  khiwl 
the  point  id*  orii^in  td"  the  pneumogastric  nerves  on  both  sides*  tit  ihv 
apex  of  the  ealamus  scriptorios,  between  the  nuclei  of  the  va^n*  atid 
spinal  accessory  nerves.  This  centre  is  symmetrically*  sttnat^nl,  and 
may  be  separated  by  a  lonufittjdinal  ineision  without  inlerferiii**  witli 
the  respiratory  movements.  Conditions  governing  the  actions  of  tin* 
centre  liave  l>een  alreaily  gWen  under  the  subject  of  respiration, 

(b)  Th e  On rd io- If t ft ih ffo ry  Ge n t re . — As  has  been  p re v io usly  s^ialed . 
when  the   pneituiugastrie  nerve  is  stiundate*!  it  may  slow  or  arrest  iW 
heart  in  diastole,  according  to  the  degree  of  stimulation.     The  Inbihilon' 
fibres  of  the  pneumogastric  reacli  the  latter  nerve  thronjjh  the  spin»l] 
accessory  and  have  their  origin  in  the  medtdla  oblongata.     The  conditions  j 
for  its  action  have  been  likewise  given. 

(c)  271  e    ViUii^Mofor    Venire, — The  collef*lion  of  nerve-<»en>i  whicl|| 
govern  the  vaso-motor  nerves,  and  thnmgh  thcni  the  calibre  of  the  blooilJ 
vessels^  is  located  in  the  tloor  of  the  medulla  oblongata,  extemlin^  fromi 
the  u[)per  part  of  the  Hoor  to  within  four  or  five  millimeters  of  the  col 
urn  us  of  the  cerebellum.     This  centre  is  also  a  double  one,  situate<l  syi 
metrically  on  each  half  of  the  niednlln  and  each  part  ccirri**>pc>n<Un«?  to  th€ 
upwnrd  continuation  of  the  lateral  columns  of  the  spinal  cordr     Slimula 
tion  of  this  centre  causes  contraction  of  all  the  arteries  with  a  con»e()uefii 
incrt'afte  in  the  hlood  pressure;  paralysis  causes  relaxation  and  di'  fi^ 
of  the  lilood-vcHsels  aud  fall  of  lilood  t»ressure*     Its  action  has  n! 
described. 

(d)  Centre  for  Cioi^nre  of  the  Eijchds, — The  centre  for  Uie  clo« 
of  the  eyelids  lies  close  to  the  C'llatnus  scrii>torius.  The  alferent  imE«al<« 
reach  it  through  tlie  sensory  branches  of  the  t1(Tth  cnintal  nerve  ftou 
stimuli  applied  to  the  cornea,  conjunctiva,  and  skin  in  the  ncighborhoo* 
of  the  eye;  reaching  the  centre  of  inqjulse,  are  transferred  to  the  8[KH'i 
nerve,  through  whieh  tbt*  ariV^rcnt  impulses  reach  the  orbicularis  pfil|M 
brarum. 

(e)  Centre  for  Sneezing, — ^The  location  of  this  centre  has  not  bc€Q 
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accurately  determined.  Stimuli  pass  through  the  internal  nasal  branches 
of  the  trigeminus  or  olfactor}'  nerves  and  etferent  fibres  are  found  in  the 
nerves  coming  to  the  muscles  of  expiration. 

{f)  The  Centre  for  Coughing, — This  centre  is  placed  a  little  above 
"Idle  respiratory  centre.  The  afferent  fibres  pass  to  the  centre  through 
l>ranches  of  the  pneumogastric,  the  efferent  in  the  nerves  of  expiration 
snd  in  those  that  supply  the  muscles  that  close  the  glottis. 

{g)  Centre  for  the  Movements  of  Suckling  and  Mastication. — This 
centre  also  has  escaped  close  localization.  Afferent  paths  reach  the 
medulla  through  the  trigeminal  and  glosso-pharyngeal  nerves.  The 
efferent  fibres  in  the  case  of  suction  reach  the  lips  through  the  facial,  the 
tongue  through  the  hypoglossal,  and  the  muscles  which  depress  and 
elevate  the  lower  jaw  through  the  inferior  maxillary  division  of  the  fifth 
nerves.  The  same  nerves  are  concerned  in  the  movements  of  mastication, 
with  the  exception  that  when  the  food  passes  within  the  dental  arch  the 
hypoglossal  is  concerned  in  the  movements  of  the  tongue,  and  the  facial 
with  the  buccinator. 

{h)  The  Centre  for  the  Secretion  of  Saliva. — This  centre  lies  in  the 
floor  of  the  fourth  ventricle.  When  the  medulla  is  stimulated,  if  the 
chorda  tympani  and  glosso-pharyngeal  nerves  are  intact,  a  profuse  secre- 
tion of  saliva  is  the  result,  indicating  the  efferent  course  of  this  impulse. 
Afferent  impulses  reach  the  centre  through  the  nei'ves  of  taste. 

(i)  The  Centre  for  Deglutition. — This,  likewise,  is  located  in  the 
floor  of  the  fourth  ventricle.  The  afferent  paths  reach  the  centre  through 
the  second  and  third  branches  of  the  fifth  pair,  the  glosso-pharyngeal  and 
the  pneumogastric.  The  efferent  channels  are  found  in  the  motor 
branches  of  the  phar3'ngeal  plexus. 

(k)  The  Centre  for  the  Dilatation  of  the  Pupil. — This  centre,  like- 
wise, lies  in  the  medulla  oblongata,  the  efferent  fibres  passing  partly 
through  the  trigeminal  nerve  and  partly  in  the  lateral  columns  of  the 
spinal  cord,  as  far  down  as  the  cilio-spinal  region,  and  from  there  passing 
out  by  the  lowest  two  cervical  and  the  two  upper  dorsal  nerves  into  the 
cervical  sympathetic.  The  centre  is  normally  excited  in  a  reflex  manner 
by  diminishing  the  amount  of  light  entering  the  eye.  Its  action,  together 
with  that  of  the  centre  for  contracting  the  pupil,  will  be  referred  to 
subsequently. 

(/)  The  centre  for  vomiting  is  likewise  found  in  the  medulla.  Its 
functions  have  been  already  descril)ed. 

(m)  The  medulla  oblongnta,  as  discovered  by  Bernard,  exerts  a 
certain  influence  on  the  glycogenic  function  of  the  liver.  When,  as 
already  described,  a  puncture  is  made  in  the  floor  of  the  fourth  ventricle 
in  the  neighborhood  of  the  origin  of  the  pneumogastric  nerve  temporary 
glycosuria   appears  within   an   hour  or  an   hour  and   a  half  after  the 

53 
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op^jration.  The  mfllioil  by  ^vhiuU  this  iuflueacti  on  the  liht-nitum  of 
tMipi-AV  by  the  livor  is  aecoiuplii^her]  has  been  described  mnier  ihc  liwiling 
(if  Ulycojrenesis, 

2.  The  i*«iLiisE  of  thk  Fibres  of  tiik  Mldilla  Obu»ngata.— We 
have  now  to  iittem[it  to  trace  the  pathn  orcoiumuiiication  of  the  ditl'mnt 
division!^  of  the  medulla  oblonj^ata  with  the  cerebruui,  pons  varohi^cor* 
poni  t[nadri;j:eiiiiiin.  mid,  wtill  more  importaut  tiian  all,  the  formatiuii  of 
tlic  tjeiui?4pheres  of  the  cerebrum  and  their  iiiejins  of  conimunicatiuubj 
the  certd)ral  pedimcles  with  tiie  mid-brain  and  its  gnugUa  and  wilii  tlie 
cerebelhim. 

In  tracing  up  the  libres  from  the  mttlulhi,  those  most  readily  foUowed 
are  the  continuations  of  the  nstiform  bodieis,  which  may  be  rwidily 
detected  to  pass  directly  into  the  cerebellum.  Their  termiiiatioti  after 
reaching  the  cerelteMum  U  only  parliidly  clenred  up.  and  Indort!  iiiierapt- 
ing  its  exphmation  we  must  first  eocisider  the  mode  af  emis^lrucliouot 
the  cerebellum  itself, 

Tiie  cerebellum  consists  J  u  the  domestic  animaU  and  nina«  of  two 
tflattened  hemisisheres  connected  across  the  mijldle  Hne  by  the  mid'H* 
lobe  or  vermiform  appendix^  whieli  is  the  fnudiimenlal  jKirtion  of  il*^ 
ortjau-  The  white  substance  of  the  eerel>elliim  exceeds  to  a  corisiflernUlf 
dei»ree  the  ^^ray  matter.  The  latter  is  tlepoftited  over  the  enlirt^  ^urfe'*** 
of  the  two  hemispheres  of  tlie  cerebelbun,  rorniin*ir  the  gray  eorles  oflli** 
eerelxdbim  ;  within  the  inner  white  medullary  ftubstanee  of  thr  lieinispUet« 
is  a  collection  of  j^ray  lantler  known  as  the  deutiite  or  ciliary  Wy, 
wdiich  in  its  ^cnenil  iqniejirance  s^mewlnu  reseud^lcs  that  of  the  ohv^TY 
bodies  found  in  the  medulla  ublongnta,  and  which  here,  also,  liim  tlie 
sha[KM)f  a  horseshoe,  thrown  u[i  into  numerous  foMs,  ami  near  whirh  nrft 
also  found  associute  nuclei.  AltboU|zh  it  is  clearly  cstTililishi^d  thil  the 
main  function  of  the  gray  matter  is  to  bring  the  nerve-0bj*eft  and  ntrv 
cells  into  connect i<ui  with  each  other,  still,  as  yet,  no  direct  tenninattv 
of  nerve-lubes  in  the  gau<>lion  ceils  of  the  eerefielluui  has.  U^en  dctt*t*ter 
Of  eonrse,  this  cloes  not  imply  that  the  terminations  of  th<^  grsiy  celb  ia 
the  cortex  of  the  cerebellum  with  ncrvc-4'ylinders  may  not  Ik*  readUy 
determined.  All  attenqits.  however,  to  follow  up  these  nervc-fibn-H  ha4 
as  yet  resulted  in  ahnost  total  failure.  If»  however,  we  fullow  the  rvt^i 
form  bodies  (which  form  the  inferior  l>ediuieles  of  the  rerelK'lInm)  it  inal 
be  seen  that  a  certain  amount  of  their  fibres  decns.salesand  then  enli^r;^  ini 
the  ilentate  body,  forniiii-i;  the  s»M'alied  intrn-eibary  tibres,  while  anutlK 
passi'B  externally  and  forms  the  extra-ciliary  colnmfu 

In  addition  to  its  eommuniration  with  the  mednlia,  the  eerebtdlam  la 
likewise  in  communication  wilii  the  corfnua  <pnulrigcmina  and  the  r>otia 
varolii.  The  fibres  pjissing  from  the  eerel)i*ilum  to  the  corpora  i|ua<lrU, 
gemina  and  crura  cerebri  (auperior  cereliellar  ])edMnc)e»)  imgitiatt*  n^ 


il 
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onl^"  froui  tbo  exlni-tiHinrv  til)ii!s  aroiitul  lli<?  cori>oni  tlpntatfi» decussating 
ill  tht;  pons  J  but  ulsr>  from  the  iisHoeiate  mielui,  while  tho  tibres  from  the 
extra-i'iliury  cokimii:*  alone  have  lieeii  trsiced  into  connection  witli  the 
pons.  It.  therefore,  is  evident  that  the  eerehellnni  in  to  fie  roixanled  iis 
a  coinplieateil  eol  lection  of  gray  ganglionic  masses  in  uiibrtjkcn  eon  nee* 
tion  with  the  meilnlla  oblongHta  and  pons  on  the  one  wide  and  with  tire 
cerebrum  on  the  other. 

The  ititna  varoHi  is  formed  by  a  eoliection  of  the  <*<Hitinuati<nis  of 
the  reticular  forniation  of  the  medulla,  the  pyramids  and  anterior  columns 
of  the  medulla,  together  with  the  fibres,  coming  directly  I'V  the  midrlle 
peduncle  from  the  ee  rebel  him. 

Alxive  the  pons  the  two  collections  of  fibres  known  as  the  cerebral 
peduncieH  (crura  cerebri)  approach  eiieh  other,  the  point  at  whicli  the 
union  is  aceomplishetl  above  tlie  niedulla  Iteing  the  locality  in  which  the 
upi*er  enil  of  the  fourth  ventricle  terminates  in  the  a<|Ueiluet  of  Sy Ivius* 

In  the  interiur  of  each  cerebral  peduncle  is  found  a  mans  of  gray 
matter,  the  suhiitanlia  myer^  which  separates  the  fdires  of  each  cms  into 
two  layerji,  the  upper  layer  forming  the  so-called  tefjmetilttm  cnirtH 
and  the  lower  the  bomn  cruris.  The  upper  division  of  the  tegmentum 
contains  also  a  gray  nucleus  (nucleus  iefjmenlis). 

Although  these  two  (b visions  of  the  ^Tura  nrc  in  close  anatonnod 
connection,  it  has  been  determined  with  a  enusitlerahle  degree  of  posi- 
tiveness  that  the  pyramidal  fibres  are  in  cbrecfc  communication  through 
the  basis  of  the  eereliral  [K'duneles  with  the  central  convolutions  of  the 
cerebral  hemisphere  on  the  same  side,  although  whether  a  direct  eomnui- 
nieatiou,  as  in  the  case  of  the  cerebellum,  of  these  tihres  with  the  gangli* 
onic  celb  in  tlie  u|)per  surface  of  the  hcmisphereH  exists  or  not  has  not 
yet  been  determined.  Nevertheless,  it  ai>i»ears  t!>at  tliey  form  no  direct 
cominunieation  with  the  other  gray  masses  of  the  h  end  spheres,  the 
lentiruhir  nucleus,  oiitie  thalamus  or  striated  body.  And  since  they 
undergo  tlegeneration  only  after  injury  of  the  eentral  convolutions^  it 
Is  probable  that  they  are  in  tlirect  eonimunication  with  the  cortex  of 
the  bniin. 

Flechsig  claims  to  liave  followed  them  in  an  unbroken  course  from 
the  pynimidal  eohimns  through  the  white  mass  between  the  lenticular 
nucleus  and  optic  thalamus,  the  so-called  internal  capsule,  direct  to  the 
gray  cortex  of  the  cerebral  convolutions.  The  course  of  these  dhres, 
together  with  the  other  important  cercl>rO'Spinal  traets  are  shown  in 
Fig,  357. 

The  cerebrum  is  divided  by  a  longitudinal  fissure  into  [wo  hemi- 
spheres in  man,  mammals,  ami  birds,  ami  its  external  surfaee  is  divided 
by  a  number  of  lesser  fissures  into  h^bes  and  eon vcdut ions.  The  cere- 
im  contains  the  ganglia  of  the   brain,  the  optic  thalamus  or  corga* 
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strintt,  the  eaudute  and  lenticular  nuclei,  and  the  corpora  qnadrigemina, 
being  connected  with  the  medulla  by  meana  of  the  cerebral  peduncles, 
above  which  are  situated  tlie  corpora  tjuadrigeinina* 

In  the  domestic  aniruals  the  anterior  pair  of  the  corpora  quadri- 
gemiua  are  CQmi)oS€<l  of  gray  matter^  while  tlic  posterior  are  whitc^  in 
direct  opposition  to  what  is  the  cane  in  man.  In  herliivora  and  in  the 
hog  the  anterior  pair  are  the  larger,  while  in  carnivora  thej  are  of  equal 
Bixe,  or  the  posterior  may  be  somewlint  more  develo|*ed«  Between  the 
corpora  qnadrigemina  and  the  optic  tijalamiis  lies  the  third  ventricle, 
while  under  the  corpora  quadrigemina  is  situated  the  aqueduct  of 
Sylvius,  connecting  the  third  and  fourth  ventricle. 

We  have  now  to  attempt  an  explication  of  the  functions  of  these 
different  parts  of  the  brain. 

3.  The  Pons  Yabolu. — We  have  seen  that  the  pons,  the  superior 
continuation  of  the  spiual  cord,  is  composed  of  two  sets  of  flbres.  The 
one,  the  ti-ans verso  fibres,  constituting  the  median  cerebellar  peduncles, 
serves  to  connect  the  two  lateral  hemispheres  of  the  cerebellum  and  exists 
only  in  animals  in  which  the  cerebellum  consists  of  two  lobes.  Tlie  other 
part  of  the  pons  is  composed  of  a  mum  of  gmy  substance  in  continuity 
with  that  of  the  medulla  and  traversed  in  an  antcro-posterior  direction 
by  the  fibres  of  the  medulla,  pas^sing  up  to  form  the  cerebml  peduncles. 

As  in  the  study  of  other  portions  of  the  nervous  system,  we  attempt 
here  to  determine  the  functions  of  the  diflerent  parts  of  the  brain  by  the 
method  of  excitation  and  excision. 

When  the  pons  is  stimulated,  either  mechanically  or  by  an  electric 
current,  pain  and  muscnhir  si)asm8  are  produced,  evidently  by  the  mere 
implication  of  adjacent  motor  and  sensory  paths.  Where  seetiou  of  the 
pons  is  performed  there  may  t>e  senBory,  motor,  or  vaso-motor  paralysis, 
together  with  forced  movements  when  the  middle  cerelKdlar  peduncleft 
are  involved.  Thus,  if  there  be  an  injury  to  the  lower  half  of  one  side 
of  the  pons  there  will  be  both  sensory  and  motor  paralysis  of  the  face 
on  the  same  side  and  more  or  less  general  paralysis  of  the  opposite  side 
of  the  body;  if  the  injur>^  be  to  the  npf>er  half  of  the  pons  the  facial 
paralysis  will  l>e  on  the  same  side  as  the  paralysis  of  the  body. 

The  I  ions,  like  the  spinal  cord  and  medulla,  also  acts  as  a  reflex 
centre;  although  tliis  fact  is  not  capable  of  direct  demonstration,  its 
truth  is  rendered  probable  by  the  higher  degree  of  muscular  co-ordination 
preserved  by  an  animal  in  which  the  pons  has  been  retained  over  animals 
in  whom  the  section  has  been  carried  through  the  brain  below  this  p>int. 

4.  Toe  Cerebral  Peduncles. — The  cerebral  peduncles  form  the 
I  upward  prolongation  of  the  pons,  and  are  constituted  by  those  portions 
I  of  the  spinal  cord  which,  after  having  traversed  the  pons  and  medulla, 
[   pass  upward  through  the  optic  tbalamua  and  corpora  striata  to  enter  the 
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cerebral  hemisplieres.  When  one?  of  the  cerebml  peduncles  ia  cotn| 
divuletl  it  protliiees  jmmlysis  of  voluntary  movement  on  the  op 
side  L>f  the  boiljj  witli  a  dimiiiution  of  tbe  sensibility  and  vaso- 
fxirnly&i^* 

Section  of  the  fmsii  of  both  cerebral  perluncles  totally  abolisi 
volnntiiry  movenients^  although  rellexes  apy^nivntlj  of  cerebral 
atill  pei-^ist. 

Section  of  the  te{fmentt*m^  on  the  other  hand,  on  both  sides  i 
the  loss  of  these  cerebral  leilexes,  but  allows  voluntary  motion  to  t 

Injury  to  one  cerebral  peduncle  causes  pain  and  convulsions 
opposite  side  of  the  body,  while  the  blood-vessels  contract.  4 
irritative  etTects  pass  otf  these  symptoms  give  place  to  paralysis* 

5,  The  Cobposa  CiUADEiaEMiNA,-^Dest ruction  of  the  corpom 
rigemina  on  one  side  causes  blindness,  which  may  be  either  on  th 
of  the  injury  or  oti  the  opposite  side,  acconling  to  the  location 
mutilation.  Total  destruction  en  uses  absolute  blindness  in  Wtft 
with  the  absence  of  the  reflex  contraction  of  the  pupil  when  expo 
ttie  light*  In  addition  to  blind ness»  disturbance  of  eqiiiiibriut 
inco-ordiimtion  of  movement  result*  When  stimulated  the  pnpU 
Imen  noticed  to  dilate  either  on  the  snme  side  or  the  opposite  side 
body ;  this  result  is  probably  produced  bj-  conduction  of  the  stim 
the  origin  of  the  8yni]mthetic  nerve,  for  after  section  of  tbe  sympi 
dihitatituj  of  the  pupil  no  lonjrer  takes  [jbiee.  Stiui illation  of  thi 
anterior  tubercle  causes  tlie  eyes  to  deviate  to  the  left,  while  if  a  v 
incision  is  made,  so  as  to  sei)arate  the  right  and  left  corpora  ( 
geniina,  stimulation  of  one  side  only  causes  this  movement  to  tak< 
on  one  side. 

The  most  striking  result  of  injuries  to  the  corpora  qnadrii 
are  the  so-called  forced  movements,  evidenth'  due  to  peculiar  uni 
disturbances  of  equilibrium  causing  variations  from  the  symni 
movements  of  tlie  two  sides  of  the  body.  These  movements  may 
various  kinds.  In  the  so-called  circus  movement,  instead  of  mov 
a  straight  line,  tlie  animal  runs  around  in  a  circle  ;  rolling  mov 
whore  the  animal  rolls  on  its  long  axis,  and  the  index  movement 
the  anterior  part  of  the  body  is  moved  around  the  j)osterior  part, 
renin  ins  iit  rest.  These  different  forms  of  movement  frequently  pai 
each  other,  and  they  may  be  produced  by  injury  either  of  the  < 
striatum,  oi)tic  tlialamus,  cerebral  peduncle,  pons,  middle  cer 
l)eduucle,  and  certain  parts  of  the  medulla. 

(*).  TiiK  INUNCTIONS  OF  THE  Basal  Ganolia. — (a)  Tfte  ( 
Striatum. — We  have  seen  that  the  corpus  striatum  consists  of  two 
the  intra-ventricular  portion  projecting  into  the  lateral  ventricle  t( 
the  caudate  nucleus,  and  the  external  portions  the  lenticular  ni 
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Lying  lietween  these  are  found  tbe  fibres  of  the  anterior  diTision  of  the 
internal  capsule^  wbieh  seem  to  have  no  connection  with  these  ganglia, 

Elt'etrical  stimulation  of  these  ganglia  causei4  general  muscular  eon* 
traction  on  the  opposite  side  of  the  bcxly.  Lesions  of  either  of  these 
ganglia,  providetl  the  internal  eapsnle  be  not  injured,  do  not  appear  to 
cause  any  jwrnianent  b}  tnptoms,  but  destruction  of  the  internal  ca[»8ule 
causes  paralysis  of  motion  or  sensibility  or  both  on  the  opposite  side  of 
the  body. 

External  to  the  lenticular  nucleus  is  the  external  capsule,  whose 
funetton  is  unknown,  as  is  also  the  ease  as  regards  the  elaustrum,  which 
is  hjcated  externally  to  the  external  capsule. 

(b)  The  Optic  Thalamus, — Scarcely  anything  definite  is  known  as 
to  the  functions  of  this  organ,  since  we  have  l»een  eon*! jelled  t^j  abandon 
the  theory-  supported  b}*  Carpenter  as  to  its  purely  sensory  nature. 
Injury  to  the  thalamus  of  one  side  sometimes  prtxluces  jmitial  paralysis 
on  the  ii|vposite  side  of  the  lx>dy,  and,  agiiin.  sometimes  after  such  an 
injury  heniianfcsthesia  of  the  opposite  side  of  the  bod^',  with  or  without 
disturluiuce  of  motion,  has  been  observed,  Fretpiently  the  thalamus  may 
be  irritated  without  producing  any  evidence  of  sensation  or  motion. 
Since  the  posterior  portion  is  conneeted  with  the  origin  of  the  optic 
nerve  it  is  in  all  probability  concerned  in  tbc  sense  of  vision.  Together 
with  the  corpus  striatum,  the  optic  thalamus  is  perhaps  mainly  concerned 
in  coordinate  and  complex  muscular  moveruenls,  since  the  cerebrum 
may  be  removed  and  motion  still  l)e  normal,  provided  these  basal  ganglia 
are  lel^  intact;  when,  however,  they  are  disturbed  normal  progression 
and  co-ordinated  movements  are  then  rendereil  imimssible. 

The  principal  dilliculty  in  deterniiuing  facts  in  regard  to  the  func- 
tions of  this  part  of  tiie  brain  is  that  they  do  not  mhnit  of  experimental 
investigation  without  the  most  extensive  injury  to  the  other  parts  of  the 
brain. 

7.  TuE  Functions  OF  THE  CEaEnftAL  Lobes. — In  man  and  the  higher 
mammals  the  cerebral  lobes  represent  the  greatest  part  of  the  bmin-sulv 
stance,  and  nsually  will  constitute  twelve-thirteenths  of  the  entire  weight 
of  the  l»rniu.  The  cerebral  hemispheres  are  coni|M>sed  of  an  internal 
white  sulistance,  representing  the  continuations  of  the  fibres  coming 
from  l)elow  which  terminate  in  an  external  layer  of  gray  matter.  The 
external  matter,  tlie  cereliral  cortex,  is  fielded  into  convolutions  sepa- 
rated from  each  other  by  llssures,  some  of  which  being  so  marked  as  to 
permit  of  the  division  of  the  cerebrum  into  adjacent  lobes.  From  the 
cells  of  the  cortex,  in  all  probability,  proceed  all  the  motor  fibres  which 
are  concerned  in  the  prudiictian  of  vohnitnry  movement,  and  to  them 
come  all  the  fibres  from  the  organs  of  special  and  general  sense  which 
enable  the  brain  to  appreciate  external  impressions.     Some  of  the  fibres 
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terraifiatiiig  in  the  cortex  traverse  the  basal  ganglia  ;  others,  constilnting 
the  so-ciiiled  iivrainithil  tmcls,  proeeetl  from  the  iDotor  regians  of  the 
cerebrum  and  pass  thratigh  tlie  white  matter  and  converge  in  the  inteni»l 
capsule,  and  from  there  enter  the  crura  cerebri,  thence  to  the  pans,  and 
thence  to  the  opposite  side  of  the  medulla  oblongata. 

The  wliite  matter  of  the  cerebral  lobes  may,  therefore,  be  considentl 
merely  as  the  continuation  of  the  paths  of  conthiction  of  the  cord  and 
medulla  which  terminate  in  the  cells  of  the  gray  matter  of  the  convolution*. 

The  considerntiou  of  the  cerebral  lobes  resolves  itself,  therefore,  into 
the  study  of  the  functions  of  the  gray  matter  of  the  cortex.  While  th* 
cerebrum  has  been  from  time  immemoria!  looked  ui^jn  as  the  seat  of  tJie 
will  and  iotelligeriot^^  and,  in  fact.  <>f  nil  tlie  p>5ycliit*Hl  limctiona^it  ia  only 
since  18T0  tiiat  attempts  to  localize  tlie  ditlerent  functions  of  the  cortex 
have  been  attended  liy  any  measurable  success. 

In  the  lower  animals,  wlien  tiie  cereltral  hemispheres  are  remoTetl 
elice  by  slice,  tlie  animals  sim|>ly  become  more  and  more  dull  and  slnpid, 
until  finally  they  lose  all  intelligence.  When  in  pigeons  both  cerebral 
hemispheres  are  removed  the  animals  apparently  appreciate  no  pain 
iluring  the  operation,  nor  are  any  movements  produced  by  operations  on 
the  cerebral  substance.  After  extirpation  of  the  cerebral  lobe«  they 
\n\B9  into  a  semi-comatose  or  stupid  condition,  and,  if  not  dislnrbed, 
remain  abf^oiutel}'  motionless,  ajiparently  experiencing  no  sensation  of 
hur»ger,  and  will  die  of  starvatii>n  in  the  midst  of  food  without  tiiakitig 
any  elfort  to  feed,  IT  mechanically  disturbed,  provided  the  basal  ganglia 
are  intact,  they  are  eapahle  of  moving  in  a  |ierfectly  normal  manner, 
will,  to  a  certain  extent,  avoid  obstacles,  the  pupils  of  their  eyes  react 
to  light,  and  they  are  capable  of  reacting  to  violent  sudden  noises*  If 
food  is  placed  in  their  mouths  they  are  capable  of  swallowing  it.  and, 
in  fact,  they  prt^servc  the  power  of  completing  numerous  coonlioated 
movements  which  depend  upon  retlex  stimuli,  indicating  that  the 
meclianisms  concerned  in  the  maintenance  of  ecpdlibrium  ai'e  located  in 
the  mid-brain,  probably  in  the  corpora  quadrigemina. 

If  a  single  cerebral  lobe  is  removed  in  the  lower  animals  no  eflcet 
other  than  the  a[)]>arent  dulling  of  tntetligence  la  evident.  In  the  bigtR^r  ^_ 
animals  after  such  a  mutilation  there  is  evident  a  certain  dulUitg  of  fl 
Beimibility  and  ditlictdty  in  movement  on  the  opposite  side  of  the  bodTt 
which,  however,  finally  in  the  majority  of  cases  gradually  disappear.  It 
IS  concluded  from  these  experiments  that  the  cortex  is  the  chief  if  not 
the  exclusive  seat  of  intelligence. 

From  the  experiments  of  Fritsch  and  Hitztg  in  1870  dates  a  new 
era  in  our  knowledge  of  the  functions  of  the  cerebrnl  cortex.  They 
found  that  Btimulation  by  means  of  electricity  of  certain  circumscribed 
regious  on  the  surface  of  the  cerebral  cou volutions  was  folluwed   by 
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co-ordinated  inovcments  in  distinct  groups  of  muscles  of  the  opposite 
side  of  the  body,  Tbey  indicated  certiiin  areas  of  the  cerebral  cortex  as 
the  actual  centres  for  the  ]>roduction  of  various  niovemeuts^  and  their 
exp€rimeuts  have  been  confirmed  and  extended  by  a  large  number  of 
subsequent  observers.  These  points  are  termed  the  motor  centres  of 
the  cortex,  and  have  been  located  in  the  dog,  tbe  monkey,  the  cat,  sheep, 
and  the  rabbity  but  are  absent  in  lower  animals,  such  as  the  frog  and  fish. 
They  are  all  found  in  the  anterior  part  of  the  parietal  lobe,  the  most 
important  Iteing  shown  in  Fig.  358.  When  any  centre  ivhich  has  been 
detcrniined  to  govern  any  special  grtniij  of  muscles  is  destroyed  or 
removed  the  corresponding  jHirt  of  the  liody  is  not  permanently  para- 
lyzed in  the  dog,  but  movements  wldeh  are  produced  in  that  part  of  the 
body  beeonie  irregular  and  variable,  and  after  a  time  the  disturbance  of 
movement  ma}^  almost  completely  disappear* 

In  the  monkey  and  roan,  on  the  otber  hand*  destructive  lesions  of 
definite  mrjtor  areas  of  the  cortex  cause  permanent  paralysis,  this 
diiference  being,  perhaps,  explainable  as  due  to  the  higher  importance  of 
the  cortex  in  higher  species,  where  it  assumes  more  and  more  the 
functions  subserved  by  the  basal  ganglia  in  lower  animak, 

A  similar  series  of  experiments  has  led  to  the  localization  in  the 
cortex  of  certain  parts  which  are  in  close  relationship  with  the  organs 
of  sense,  for  we  know  that  sensory  impulses  from  the  opposite  side  of 
the  body  pass  upward  tli rough  the  powterior  third  of  the  posterior  limb 
of  the  internal  capsule  to  ]mss,  in  all  i>robaliility,  to  the  cortex  of  the 
occipital  and  tempo ro-sphenoidal  lobes.  Excision  of  these  localities 
leads  to  disturbances  in  the  ai*preciation  of  sensations  coming  through 
the  sensory  organs.  Thus,  for  exann>le,  in  the  dog  a  locality  has  been 
found  in  the  posterior  cerebral  lobe  (outer  convex  part  of  the  occipital 
lobe)  the  destruction  of  which  produces  blindness  in  the  opposite  eye  ;  or, 
if  both  corresponding  parts  are  removed,  total  blindness  results.  After 
extirpation  of  this  part  tUe  channels  which  connect  it  with  the  optic 
nerves  undergo  degeneration.  Centres  for  hearing  and  for  smelling  have 
also  been  located.  The  centre  for  hearing  in  the  dog  lies  in  the  second 
primary  eonvobition,  while  in  man  and  the  monkey  it  has  been  located  in 
the  first  tempo  ro-sphenoidal  convolution.  Such  disturbances  produced 
by  removal  of  parts  of  the  cortex  are,  like  the  motor  disturbances,  not 
permanent,  but  grndually  disappear,  and  dogs  rendered  deaf  or  blind  by 
excision  of  these  parts  of  the  cortex  again  learn  to  see  and  to  hear, — a  fact 
which  is  explained  by  the  substitution  of  function  in  some  corresponding 
part  of  the  lirain-eortex. 

8.  TuK  Functions  of  the  CEREBELLUM.^Experiments  as  to  the 
ction  of  the  cerebellum  have  ied  to  the  eonclusiou  that  it  is  the  great 

n  for  the  co-ordination  of  muscular  movemeuts^-^a  fact  which  would 


e9i>et*udly  witlj  tlie  posterior  columns,  whose  division  has  been  fouikd 
leatl  to  iwco-nrditmtion,  but  with  the  hnsal  sraiiglia  of  the  L*en*hrrtin, *hi< 
we   have    found   to   be   especially   concerned    in    this   function-    l^ 
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supposed  that  tlie  direct  cerebellfir  paths  of  the  cortl  conduct  sensory 
impressions  to  the  eerebelluiu,  and  thus  indicate  tlie  po^tiirt^  of  tlie 
trunk  iiu<l  the  position  of  tlie  limljs^  wliiie  tlie  motor  irii[iulHes  papsing 
Ihruugh  the  cord  may  be  intlueuced  by  fibres  jm^Kiu^  from  tlie 
cerebelhun  through  the  restiforui  body  to  the  lateral  colnnins.  injuries 
of  the  cerebellum  produce  no  disturbance  of  the  psychical  function,  nor 
do  they  give  rise  to  pain.  When,  however*  the  cerebellum  is  gradually 
removeil,  as  in  a  pigeon,  at  first  symptoms  of  weakness  nnd  slight 
disturttance  of  movement  are  evident;  as  more  and  more  of  the 
cereK'llnm  is  remcjved  great  excitement  ajipearH,  and  the  animal  now 
makes  viok^nt  incguhir  movements,  which,  while  not  similar  to  convul- 
sions, are  yet  free  from  all  apparent  purpose;  wLile  co-ordinated 
movements  are  impossible  vision  and  hearing,  nevertheless,  remain 
hiUict. 

Again ^  section  of  the  middle  cerebellar  peduncle  on  one  side  almost 
always  irives  rise  to  forced  movements,  the  animal  revolving  rapidly  on 
its  own  longitudinal  axis,  and  this  disturbance  is  accompanied  by 
nystai^mus*  or  oscillation  of  the  eyeballg, 

Iiijnr\*  or  removal  of  tlie  lateral  lobe  produces  the  same  forced 
movement  as  section  of  the  mitblle  ix'duncle. 

lu  mammals  the  dangers  are  so  great  in  operations  on  the 
cerebidhim  that  but  few  sncccssea  are  on  record.  In  operations  of 
extirpatiuu  performed  on  mammals  which  have  proved  succci^sful,  at 
first  the  symptoms  are  those  of  irritation  of  the  divided  peduncles,  ami 
consist  in  clonic  contractions  of  the  muscles  of  the  fore  limb,  neck,  and 
l)ack,  while  uo  sensory  distnrl>ances  are  perceptible.  When  recovery 
from  the  ojjeration  is  comi)lute  the  symptoms  dependent  upon  tlie 
loss  of  the  cerebellnm  then  a[>pear  and  consist  mainly  in  disturbances 
of  equililirium,  and,  while  many  muscular  groups  apparently  maintain 
their  muscular  tone  intact,  the  power  of  associating  various  groups  of 

runnscles  to  produce  comjilex  actions  is   lost     When  the  injury  to  or 
'*B3Ctirpation  of  the  cerebellum  has  been  but  superficial  the  disturbances  of 
co-ordination  soon  pass  off,  wUile  if  the  injury  affects  the  lowest  third 
of  the  cerebellum  the  elfects  are  permanent 
We  may  now  return  to  the  hu bject  of  the  conduction  of  motor  and 
sensory  impulses  through  the  central  nervous  system,  summarizing  the 
8tAtement?i  which  have  l»een  made  during  the  consideration  of  the  func- 
tions of  the  spinal  cord,  medulhi  oblongata,  and  brain  (Fig.  359). 
■  Sensory  impulses  originating  in  stimulation  of  the  peripheral  termb 

nations  of  afferent  or  sensory  nen^es  pass  into  the  conl  through  the 
posterior  roots  of  the  spinal  nerv^es,  and  the  impulse  passes  eitlier  to  the 
cerebrum  or  cerebellum  or  both.  After  entering  the  cord  the  fibres  of 
^he  posterior  roots  diverge  and  carry  the  afferent  impulses  in  different 
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sensor^'  impulses  tnivcl  througli  tlie  ivticulur  funimtioii,  thmtijMrli  tlie 
IKJStei'ior  htilT  ol'  the  pons,  tiud  enter  thi^  tegmentum  af  the  evmn  t't-nltri, 
psim  iiiuier  tbe  corpora  quadrigemina  to  enter  the  posterior  ttiird  of  the 
posterior  I irn I •  f»t'  the  interna]  eiijisnie.  ami  tInMiee  nidijite  to  the  eortex 
of  tlie  occipital  and  tcmporo-splienoidiil  lohe.  The  path  (d*  the  sensory 
fibres,  therelbre,  in  some  part  of  its  course  undergoes  deciissatif>n,  either 
in  tbeeord,  the  ineilulla,  or  the  pons,  no  that  the  cortex  of  erifli  eerehnd 
heiuiHj)here  receives  sensory  iuiptdses  whjcli  originate  in  ijiiiiressions 
made  ou  the  opposite  side  of  the  hoily  :  hence^  a  destructive  lesion  <»t'  the 
L'erebral  cortex,  internal  capsule  ([Posterior  third ),  or  of  one-half  of  tlie 
cord  causes  aniesthesia  ufthe  opposite  side  of  the  body.  The  major  part 
of  the  crossing,  however,  occurs  in  the  posterior  ermiUJissure  of  the  cord. 
Tobuitary  motor  impidses  onifinate  in  the  cells  of  the  cortex  in  the 
motor  are;i3^  of  the  eercbninu  pass  through  the  radiating  libres  of  the  white 
matter  of  the  ct^rehral  hemispheres,  to  converge  into  the  interjnd  ca^^sule^ 
wbicli  is  a  collection  of  white  nerve-tibres  lying  between  the  caudate 
nucleus  and  ojitic  tlmlanuis  internally  and  the  lenticular  nneleus  externally. 
Tlu'V  then  enter  the  basis  of  the  crura  cerebri,  oe(^ii|iying  its  midtlle  third, 
the  Ilbres  fur  the  face  being  next  the  middle  line  and  those  lor  the  kg  most 
external,  tlie  fibres  for  the  arm  lying  between  the  two ;  they  then  i>ftS8  to 
the  pons,  the  facial  fibres  here  undergoing  clecussation  (becoming  con- 
nectcil  with  the  nuclei  of  the  huial  and  hyiK>glossal  nerves),  the  others 
coiitinning  on  the  same  side  to  the  anterior  pyramids  <>f  the  medulla 
oVdongata,  where  the  major  part  crosses  to  the  opposite  side  of  the  eord^ 
where  they  descend  in  the  lateral  column  (the  crossed  pyramidal  tract); 
whil«!  the  uncrossed  fibres  desceiul  in  the  anterior  eolumna  of  the  same 
gide»  nltimatel3%  in  all  probal>ility,  erossintj  throuirh  the  white  eommissnre. 
AH  tfn*  ilbres  of  both  pyramidal  tracts  terndnate  at  dilfereid  levels  in  the 
iijultipolar  cells  of  the  anterior  cornua  of  tlie  gray  mutter  of  the  cord, 
and  from  each  of  these  cells  originates  a  single  imbrancbed  process  which, 
joining  with  similar  fibres,  jifusses  out  cd*  the  eord  in  the  anterior  roots  of 
the  spinal  nerves.  The  course  of  tbt\sc  motor  and  sensory  (ihres  is  like- 
wise shown  in  Figs.  :3G0  and  3»iL  The  cerebellum  receives  through  its 
inferior  peduncle  the  allerent  tibres  derived  from  tlie  lateral  (ilirecl  cere* 
beHar  tract)  and  posterior  cfdumns  rd*  the  c(>rd,  as  well  as  from  the  gray 
matter.  The  uHiscnlar  sense  is  bU|>poscd  to  he  condiH*ted  by  means  of 
Clarke's  column,  together  with  the  direct  cerelH^Har  ct>lnmns,  while  tactile 
sensations  i>ass  through  Ibirdaeh's  column.  While,  therefore,  the  sensa- 
tions of  pain  are  conducted  directly  to  the  cerebrum^  tactile  and  muscular 
sensations  first  reach  the  eerebellum  and  may  from  thence  be  conducted 
to  the  cerebrum  through  the  superior  peduncle  of  the  cerebellum,  passing 
into  the  posterior  part  of  the  corpora  quadrigemiua  and  then,  perhaps^ 
forming  connection  with  the  caudate  nucleus. 
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VII.    THE  CRANIAL  NERVES. 

The  firaiiml  nerves,  twelve  in  numlier  on  each  side,  arise  from  dito- 
eut  parts  of  tlie  brain  and  pa»s  tbrougli  foramina  in  the  hnse  of  ilie  skull, 
tlieir  numl>er  beiii*?  ^iven  to  tijem  from  the  order  in  which  they  psi^  oni 
from  the  hnm  of  tlie  Ijrain ;  otlier  names  are,  abo,  given  theai  fram  the 
parts  to  which  they  are  disti  ibutcd  or  from  their  ftinetious. 

Tile  cranial  nerves  art;  either  pure  sensory  nerves,  jmre  motor  nen*e«, 
or  mixed  nerve?*.  The  ptii'<'  tiensory  ncrvei^  arc  t lie  olfiictory  ( iK  optic 
(2),  und  acoustic  (8);  the  pure  motor  nerves  are  the  ociih>motor  (SjfUif 
pulltetie  (4)^  and  the  abdueens  ((i);  the  trifacial  (5),  or  trigemmu§Jsft 
mixed  nerve,  arising  Irom  a  diistinct  motor  and  a  di:^tinet  sensory  root 
eompfiraliic  to  the  spinal  nerves,  Ht\ii:*riling  the  functions  of  tht?  other 
eranijd  nerves  as  det.ermineil  by  the  luuetions  of  their  roots,  tUc  [meii- 
uiogaRtric  and  glosso-pharyngeal  arc  seuBory  nerves  and  tJu*  facial 
spinal-aeocf*sorv,  and  bypogioMsal  nerves  are  mt^tor.  The  truukt*  of  Ihew 
last  rive  nerves,  however,  contain  both  atfereut  and  elicrcut  !jbres,iiif 
pneumo^astric  receiving  efferent  fibres  from  the  9pi»al-ftccei»sory  aad  tk 
jiloi^Ho-pJuin  ii^eul  from  the  faeial  and  nnUor  bnineh  of  llie  tri^eintiuig; 
while  the  faeiul  reeeives  altV'reni  fibres  from  the  trii^femium*,  pacuni<>ga*- 
trie,  and  glosso-pliarynji;eal,  and  the  hypogh^swal  sensory  librea  from  til* 
trigeminus,  vagus,  and  three  upper  cervieal  nerves, 

1Mie  fiinetions  uf  thf*se  nerves,  nlthniirrh  already  considered  mrftf 
differonl  sul>joc'ts,  will  ])o  liere  recMpitulated. 

1.  Thk  Olfactory  Nkhvf.     (See  Sense*  of  Smell.) 

2.  TirK  Oerrc  Xkrve.      (See  Sense  of  Vision.) 

."J.  TiiK  Ocn.o-MoToii  Nekvk. —  This  nerve  arist^s  from  the  ecnlo- 
motor  nucleus  nn<lcr  the  lupu'duet  of  Sylvius,  the  litres  of  oriiiin  U'lnii 
tnicecl  into  the  cor[>or:i  qu.-ulrigemina  and  th,rouLi;li  the  ci*rebrnl  |KMlinK*le 
into  the  lenticular  nucleus.  It  eonttuns  three  sets  of  lihres  which  are 
(listrilnittMl  (1)  to  all  the  muscles  of  eye])all,  with  the  exception  ot*  the 
superior  oMitiue  .-ind  external  rectus  muscles  and  the  levator  pnlj^'lui^' 
nui">cles,  {'2)  to  the  circnhir  muscles  of  the  i)upil,  and  (;>)  to  the  ciliary 
muscle.  IK'iice,  it  is  the  path  for  voluntary  motor  impulses  to  nil  the 
nuiseles  of  the  eyehjill,  with  the  exception  of  the  museles  above  nienti'iiu^l. 
it  is  the  ellerent  nerve  for  the  rellex  contraction  of  the  pupil  fr^w 
the  nction  of  liirht  on  the  retina,  and  it  contains  the  voluutarv  meter  tiltres 
t(ythe  muscle  of  acconunodation  (ciliary  muscle). 

4.  Tnk  Pathktu'  Xkrve  (  TrfjchJearU). — The  fd)res  of  the  fourth 
cranial  nerve  may  be  traced  ])ack  from  their  apparent  oriirin  on  the  oiitt^r 
side  of  tlu»  cms  cerebri  in  front  of  the  pons  varolii,  beneath  the  cor|h>ra 
qundrinemiua,  to  the  valve  of  Yieussens  (behind  the  fourth  ventricle). on 
the  upper  surface  of  which  it  is  connected  by  commissural  fibres  with  its 
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fellow  from  the  opposite  side.  The  gmy  nucleus  from  wliicli  it  arises  is 
tlie  posterior  part  ot"  the  oculo-motor  nucleus  in  tlie  Huor  of  the  at^ueduct 
of  Sylvius;  it  also  is  connecteil  with  a  gray  nucleus  in  the  pfirt  of 
the  floor  of  the  Iburtb  ventricle  nciir  to  the  origin  of  tiie  fifth  nerve.  It 
is  a  purely  motor  nt;rve  and  is  distribiiteii  to  the  superior  oblique  musclo 
of  the  eyeball. 

5.  Tfik  Tbtfactal  Nerve  {Tn'geminug). —  This  is  a  mixed  nerve, 
arising,  like  the  s|>iual  nerves,  from  a  motor  and  sensory  root,  the  latter 
being  supplied  with  a  ganglion  (ganglion  of  Gasser).  The  [interior, 
smaller,  motor  root  arises  in  the  motor  trigeminal  nuek^us  in  the  floor  of 
the  fourth  vuiitriele,  which  is  connected  with  the  cortical  motor  centre  on 
the  opposite  side  of  the  cerebrum  ;  tliere  is  also  a  descending  motor 
root  from  the  corpora  quadrigeiuiua.  The  larger  posterior  sensory  root 
is  connected  with  the  sensory  trigi-minal  nneleus  at  the  level  of  the  pons 
with  the  gray  matter  of  the  posterior  horns  of  the  spinal  cord  as  far  as 
the  cervical  vertebra,  constitnting  the  ascending  root,  and  with  the  cere- 
bellum through  the  crura  cere  be  Hi.  Tliis  extensive  origin  of  the  sensory 
fibres  explains  the  great  nnmber  of  reflex  relations  of  this  nerve, 

Afti-^r  passing  through  the  cranium  the  trifacial  nerve  divides  into 
three  divisions — the  ophthalmic, superior  niaxillary^and  inferior  maxillary 
branches. 

The  ophthalmic  dimsion^  which  receives  fibres  from  the  sympathetic 
ll€rve,  supplies  sensory  branches  to  the  conjunctiva,  laehrj'mal  gland, 
upper  eyelid,  brow,  and  root  of  nose,  trophic  fibres  to  the  eyeball,  and 
vaso-motor  fibres  to  tlie  dura  mater  and  lachrymal  gland.  It  is  also  the 
ttflcrent  nerve  for  the  reflex  stimulation  of  the  lachr3^mal  secretion. 

The  iittperi07^  maxillartf  divitiion  supplies  sensory  nerves  to  the  dura 
mater,  to  the  angle  of  the  eye,  skin  of  temple  and  eheek,  to  the  teeth  in 
the  upper  jaw,  gums,  periosteum,  the  lower  eyelid,  bridge  and  aides  of 
the  nose  and  npper  lip  as  far  as  the  attglc  of  the  month,  nasal  chambers, 
hartl  and  soft  palate.  By  receiving  motor  fibres  from  the  facial  (super- 
ficial petrosal  branch  to  Meckel's  ganglion)  it  gives  motor  nerves  to  the 
soft  palate  and  nvola,  and,  receiving  vaso-motor  fibres  from  the  cervical 
plexus,  it  is  the  vaso-motor  nerve  for  this  entire  region* 

The  inferior  mnxiUary  divimtm  contains  all  the  motor  fibres  of  the 
fifth  nerve  and  supplies  motor  nerves  to  the  mtiQclcB  of  mastication,  the 
tensor  palati,  and  tensor  tympani  muscles.  It  also  contains  sensory  fibres 
whicli  are  distributed  to  the  mucous  membrane  of  the  cheek,  lower  lip, 
teeth,  external  auditory  canal,  and  tip  of  tongue,  the  lingual  branch  being, 
fiii'ther,  the  special  nerve  of  taste.  This  division  also  contains  trophic 
and  vaso-niotor  fibres. 

6,  The  Abducens  Nervi. — ^The  sixth  cranial  nerve  arises  from  the 
^menentia  teres  in  the  fourth  ventricle  in  front  of  and  pnrtly  from  the 
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Ttiieleug  of  the  facial  ner%^e,  its  nucleus  being  connecteil  with  the  uucletii 
of  the  ttiircl  nerve  on  the  opposite  side*  It  is  the  motor  nt^rve  of  tin 
exteni&i  rectus  niuaele  of  the  eyt\  In  co-onlinate  movements  of  theejei 
its  action  is  involimtary.     It  receives  fibres  from  tbe  8jm[»atbetie  nem 

in  the  m?ck, 

7.  The  Facial  XEnvE^^Tbe  facial  nerve  cotisistii  solely  of  efereni 
fibres,  find  arises  by  two  roots  from  tlie  tloor  of  tbe  foiirtli  ventricle,  oi 
which  the  smaller,  tlirougU  the  ntrve  of  Wrisl>erg,  ftirms  a  coimectiai 
ivith  the  auditory  nerve.  The  origin  of  the  facial,  the  facial  nuelens,  lifl 
beliinti  the  origin  of  the  sixth  nerve  and  is  conneeted  witli  thti  c^L'rebn^ 
of  tbe  oppusite  side.  The  fiicirtl  nerve  is  the  motor  nerve  of  the  uiuifilil 
of  the  face,  and  hence  is  called  the  nerveof  exj^rcssion.  It  tilso  suppliei 
motor  branches  to  the  siylo-byoid,  posterior  l>cUy  of  the  digastrift 
buccinator^  stapedius,  muscles  of  the  external  ear,  platysma,  and  levstoj 
p&tfttL  It  is  the  secretory  nerve  of  tlie  parotid,  and  thmiig^h  tin 
chorda  tympani  of  the  submaxillary  gland.  It  also  contains  f$» 
motor  filn-es  for  the  tongue  ami  side  of  the  face  and  vaso-dllutor  thtmki 
the  BubmaaEillary  gland*  Through  its  anastomoses  with  the  trigenUJit^ 
luad  vagus  it  perhaps  contains  atferent  Ubres. 

8.  The  Auditouy  Nkkvk, — (Sec  Sense  of  Hearing.) 

9.  TiiK  OwJsso-PnARYNaEAL  Nerve. — This  nerve  arise§  fVon  iM 
glo9so-[di!iryngeal  nncleus  deep  in  the  medulla  oblongata  near  tbcolifilj^ 
body,  anil  iR  cotineeted  with  the  nneletis  of  the  va£fus.  An  a^cen*Hfiif 
root  from  tlie  spinal  cord  unites  with  it  and  serves  for  the  production  of 
spinal  retloxes.  It  is  supplied  to  the  palatine  and  pharyngeal  muscles, 
but  its  motor  function  to  these  muscles  is  not  absolutely  estnl)li>hed; 
possibly  it<^  motor  fibres  are  derived  from  the  facial.  It  is  the  neneof 
taste  for  the  back  of  the  tongue  and  pharynx,  as  well  as  l>ein<i  the  nerve 
of  general  sensation  for  these  parts,  the  Eustachian  tube  and  tyni|ianiiiii- 

10.  TnK  Pneumogastrtc  Nerve. — The  vagus  nerve  has  a  common 
nucleus  with  the  ninth  and  eleventh  nerves  in  the  ala  cineren  in  the 
lower  li:ilf  of  the  calamus  scriptorius.  It  contains  both  atferent  ami 
elForent  til»res,  the  hitter,  probably,  being  derived  from  the  spiiial-aeci^ 
sory.  The  eflorent  tibres  are  distributed  to  the  muscles  of  the  plmnnx. 
larynx,  trnchca,  bronchi,  a}sopliagus,  stomach,  and  intestines.  It  is  also 
the  inhil»itory  nerve  of  the  heart,  and  contains  vaso-motor  fibres  for  tb« 
lungs  and  troi)hic  fibres  for  the  lungs  and  heart.  It  is  the  sensory  nerve 
for  the  external  ear,  phar3'nx,  a?sophagus,  stomach,  and  respirat^irr 
l)assages.  It  contains  atferent  fibres,  which  may  augment  or  inliiiiit 
(laryngetil  nerve)  the  respiratory  centre,  augment  the  cardio-inhibiton" 
centre,  inhibit  the  medullary  vaso-motor  centre  (depressor  nervei: 
through  it  atferent  impressions  ma}'  pass  which  produce  the  salivarror 
inhibit  the  pancreatic  secretions. 
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11,  The  Spinal- Accessory  Nkrvk. — This  nerve  arises  hy  two 
sepsirate  nwtH,  one  froai  the  aecessory  iiticltiu^  of  tlie  mednllu,  which  in 
connected  with  the  nuclcMis  of  the  vaj^us,  the  other  hetween  the  anterior 
and  posterior  roots  of  the  s[jinfil  nerves,  as  far  down  as  tlie  fifth  cervical 
nerve,  its  lihres  in  the  cord  Imving  been  traced  to  a  nuclens  on  the  outer 
aiile  of  the  anterior  coruua.  The  anterior  branch  passes  entirely  into 
the  vagns  and  gives  to  it  most  of  it«  motor  fibres  and  all  the  eardio- 
inblbitory  iibres.  The  spinabaccesaory  in  the  nmtor  nerve  to  tlie  sterno- 
mastoid  ar»d  trapezius  muscles;  it  receives  sensory  branches  from  tlie 
cervical  nerves. 

12,  The  Hvpoglossal  Nerve. — The  hypoglosRal  nerve  arises  from 
two  large-ceHed  nnclei  in  the  ealamns  seripturius  and  one  adjoining 
small-celled  nuclens,  being  connected  both  with  the  olivary  body  and 
the  brain.  It  is  the  motor  nerve  for  the  mns^cles  of  the  tongue  and  most 
of  tlie  hyoid  muscles.  It  receives  nlferent  fibres  from  the  fifth  and  tenth 
nerves  and  vaso-motor  lilires  from  the  yym}>atljeiic. 


Vin,    THE   SYMPATHETIC  NEBYOUS   SYSTEM, 

The  great  sympathetic  nerve,  constituted  bj  a  ganglionic  chain, 
composed  of  a  series  of  ganglia  connected  by  nerve-fibres,  is  loeiited  on 
each  side  of  the  vertel>i"al  column.  Three  diderent  forms  of  structure 
may  be  recognized  in  this  portion  of  the  nervous  system — the  ganglia, 
the  peripheral  branches,  and  the  connecting  tdatnents.  The  two  chains 
Bituated  on  eacli  side  of  the  median  Htie  are  connected  by  transverse 
fibres,  giving  olT  nunierouH  irranches,  which  anastomose  among  themselves 
and  fo  r m  pi  e x  u  se  s  (Fig.  3 1'>  2 ) . 

The  synipaihetie  nerve  mny  l>e  divided  bito  three  divisions.  In  the 
cepljalic  portion  are  found  the  ophthalmic,  the  spheno-pnhittne,  the  otic, 
the  submaxillsirvi  and  tlie  seiblingual,  with  tlie  tiiree  cervical  ^langlia.  In 
the  thorax  and  abdomen  are  found  tlie  other  two  divisions,  which  like- 
wise consist  of  a  number  of  ganglia  united  together  b}'  anastomosing 
filaments. 

The  ganglia  consist  of  gray  substance  united  with  nerve-tubules. 

Ti»e  fibres  are  nou-tuedullated  aiitl  cc>nneet  the  ganglia.  Each  s|iinal 
nerve  fiirms  connections  with  adjacent  sympathetic  ganglia  hy  means  of 
the  rami  communicantes,  which  are  formed  by  nerve-fibres  coming  from 
lioth  the  anterior  and  the  ]>osterior  roots  of  the  spinal  nerves.  In  addi- 
tion to  the  non-meduliated  fibres  entering  into  the  constitution  of  the  great 
«yinpftthetic  nerve  are  also  fine  nervL'-tubules,  which  in  their  structure 
nre  iinah>gons  to  those  of  the  cerebro-spinal  axis.  Sucli  fihiments  are 
much  less  abundant  than  the  gray  or  non-medullatetl  fil)res  of  Kemak. 

The  functions  of  tlie  sympathetic  nervous  system  have  already  been 
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stimulation  of  its  peripheral  ends;  or,  if  the  nerve-tnuik  be  divided, the 
niortt  jujwerful  iiTitniita  may  l>e  applied  to  the  peripheral  area  in  whicU 
that  nerve  is  distributed  witbout  caliiug  fortli  sensation. 

Wlteii  an  impression  is  made  npon  a  sentient  surface,  that  impres- 1 
sion  so  ebangt^B  the  mulccnlur  e<iuililjrinm  in  the  terminal  filamcntf^  n,s  to 
give  rise  to  atlerent  impressions,  whieh  travel  along  the  nerve-trunk  to 
reach  the  centrcvS  of  the  brain,  and  it  is  the  flnal  change  which  occunj 
within  the  nerve-eells  whieli  is  to  be  spoken  of  as  sensation,  and  it  ii] 
only  this  latter  eliange  of  whieh  the  brain  is  eojyrnizant 

Two  kiuils  of  sensibility  may  be  recognized, — j^eneral  and  special  J 
aensihility.  Nerves  of  general  and  of  special  sense  are  coneernt*d  in  iU^i 
percet*tion  of  these  two  kinds  «>f  sensation.  By  the  term  special  sensi-1 
bility  is  untlerstood  that  sensation  which  arises  from  an  impression  of  Ai 
peculiar  kind  and  special  character,  which  is  capable  of  alfecting  onin 
one  kind  of  nerve  ;  or,  rather,  wLieh,  when  applied  to  one  kind  of  nerve 
will  itTvariably  protUiee  n  sensation  peculiar  to  that  nerve.  Thus,  fori 
example,  a  stiranlus  applied  to  the  terminal  filaments  c>f  the  nerve  of] 
hearing  will  invariably  l)e  recognized  as  an  auditory  seuBation  ;  so  a  si 
uiiis  of  the  otitic  nerve,  whethei-  mechauieal,  electrical,  or  chemical,  will ' 
he  recognized  as  a  visual  senssition. 

By  general  sensibility  is  meant  the  appreciation  of  sensations  arising 
fiom  impressions  of  a  general  character  apjilied  to  the  general  !• 
tjiry  surface  of  the  1>ot1y.  Under  this  head  are  to  l>e  include<l  t\v 
sense,  the  sense  of  heat  and  eohl,  and  the  muscular  sense.  The  specia 
sensations  arc  the  sensations  of  smell,  taste,  sight,  and  audition* 

Certain  conditions  are  necessary  to  sensibility,  J'^irst^  there  mns 
be  a  certain  degree  of  vascularity.  Unless  the  part  l>e  well  supplu^l  «ith| 
blood  it  cannot  1k3  endowed  with  either  gcucrnl  or  special  sensibihu*. 
An  illustration  of  this  may  lie  seen  on  tying  any  large  artery  ;  the  part  Ml| 
wliiuh  it  is  sup]»lie<i  becomes  nliuost  instantly  nnnib;  the  blood  is  cut  olfJ 
the  vascularity  diminishes,  and  the  irritability  of  the  receptive  filanienttj 
of  tlje  nerve  becomes  de|>ressed.  So,  also,  cold,  as  i»  well  knovrnti 
reduces  seusibility  by  diniiiiisUiiig  the  blood-f^upply  of  the  [lart. 

SecomHi/^  mere  vaseidarity  is  not,  however,  snUicient;  there  miisttl 
likewise,  be  continuity  witli  the  nerve-trunk.     Unless  the  afferent  fibr 
i>e  in  siich  continuity  witli  the  centre  no  sensibility,  either  genetiil  ofl 
spi»ci,al,  may   take  place.     While,  ^t^^a//^,  the  centre  itself  must   be  in 
state    of     integrity    to    recognize    or    convert    into    [lereepUons    tlii 
imt)rcs.sions  hrongiit  to  it  through  afferent  nerves. 

When   impressifms  have  Iveen  fre<[Ui*ntly  re|ieate<l  n|x>n  nerros  of] 
general  or  special  sensibility  the  sensations  to  which  they  ordinarily  wl-] 
minister  beeome  blunted.     An  illustration  of  tliis  may  readily  l»e  drawn 
from  the  ucrves  of  special  sense.     Sights  or  sounds  constantly  prosetiS 
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system,  tlirough  the  cerebro-spiual  nerves,  so  as  to  inhibit  or  modify 
the  fmictkni  of  certain  organs.  As  nn  iilustratiou  of  this  ma}^  he  uieu- 
tioned  the  action  of  the  sympatlietic  upon  the  pupil*  Aecunling  to 
Burlge,  the  fibres  which  are  coneerneil  in  prt>ducing  dihitalion  of  the 
pupil  arise  from  the  spinal  cord  and  run  from  tiie  upper  two  dorsal  and 
the  lowest  two  cervical  nerves  into  the  cervical  sympathetic,  whicli 
conveys  them  to  the  head.  The  inllueuce  of  the  symimtlietic  in 
governing  the  movements  of  the  iris  will  be  given  more  in  detail  in  the 
consideration  of  the  ej'e. 

Among  other  branches  arising  from  the  cervical  part  of  the  sym- 
pathetic are  fonnd  mutor  branches  going  partly  to  the  exieriial  reetnn 
muscle  of  the  eye,  vaso-motor  branelies  to  the  ear,  the  side  of  the  face, 
the  conjunctiva,  tlie  iris,  the  choroid,  and  to  the  vessels  of  this  portion 
of  the  alimentary  and  res[nratory  tract.  Secretory  and  vaso-nuitur  liJ>rc8 
are  di8tril>uteil  to  the  salivary  glands  ami  to  the  sweat-glands  of  the 
integument ;  while,  according  to  certain  authorities,  the  lachrymal  glands 
receive  sympathetic  secretory  fibres  from  this  portion  of  the  sympathetic. 

Of  the  thoracic  and  abdomiuid  scctiuns  of  the  sympathetic  the  ctir- 
diac  plexus,  which  receives  accelerator  tibres  lor  the  heart*  occupies  the 
most  important  position.  The  influence  of  the  cocliac  plexus  of  the 
[Sympathetic  on  tlic  licart  Itas  already  l>een  given.  Of  the  ab<b:)minal 
sympathetic,  the  cadiac  and  rnesenleric  plexui^es  and  the  splanchnic 
nerves  are  the  most  important     They  also  have  been  already  described. 

It  is  thus  seen  thut  the  tibres  of  the  sympathetic  nervous  system 
act  as  conductors  of  both  atlerent  and  ellVrL-ut  impressions.  Impressions 
traveling  from  the  periphery  to  the  centre  through  the  synllwltheti^* 
nerve  do  not  produce  an  impression  upon  the  sensorinm.  In  other 
words,  the  brain  is  not  capalile  oi*  taking  ciiguizance  of  alfi'rent  im- 
pulses traveling  through  the  sympathetic.  Nor,  on  the  other  hand,  can 
voluntary  motor  impulses  pass  through  this  nerve. 


IX.  GENER.41.   AND  SPECIAL   SENSIBILITT, 

Sensation,  or  general  sensibility,  is  that  function  of  the  brain  by 
which  it  perceives  or  becomes  conscious  of  impressions  which  nre  made 
upon  the  surface  of  the  V>ody  or  upon  the  nerves  running  from  the 
periphery  to  the  nerve-centres.  By  i>erception  is  meant  that  faculty  by 
which  sensations  are  referreil  to  certain  external  causes.  It  is  iinjiortant 
to  understand  that  all  sensations  take  phu-e,  not  at  the  point  of  cuntart 
of  the  irritant  with  the  pcnphery,  bnt  in  tlic  brain  itself,  and  we  have 
evidence  of  this  in  the  fact  that  if  the  brain  be  in  a  state  of  torpor  nu 
sensation  occurs.  Again,  if  a  ligature  be  passed  around  an  atfereut  ner\'e 
at  some  point  between  its  origin  on  the  periphery  and  its  termination  in 
the   nerve-centre   no   sensation  occurs,  no   matter  how  severe   be  the 
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nucleus  of  the  facial  n^rvej  its  nucleus  beings  connectetl  with  the  nu 
of  the  tljird  nerve  on  the  opposite  side.     It  is  the  motor  nerve  c 
extenmt  rectus  muscle  of  the  eye,     lu  co-ordinate  movements  of  thu 
its  nctiou  is  involuntary.     It  receivea  fibres  from  tbe  Bym|mtheU0 
in  the  tieek, 

7.  Tii»  Facial  NEavE. — The  facial  nerve  con?*ist9  solely  of  el 
flbrei^  and  uri^efl  by  two  roots  from  tiie  floor  of  the  fourth  veutric 
which  the  Bmallcrj  through  the  nerve  uf  Wrisl>erg,  forms  a  coiim 
with  the  auditory  iiorve.  The  origin  of  tlie  fiieial,  the  Ikcial  nurknt 
behind  the  origin  of  the  sixth  nerve  and  is  connected  with  the  eem 
of  the  oppoaite  mcle*  The  fiicial  nerve  is  the  motor  nerve  of  the  hji 
of  the  face,  and  hence  is  called  the  nerve  of  expression,  £l  alsosu; 
motor  limiiches  to  the  stylo-hyoid,  po^iterior  Ix'Uy  of  the  digi 
buccinator,  stapediuB,  muscles  of  the  esiternal  ear,  idatysnia,  and  li 
pakti.  It  is  the  secretory  nerve  of  the  parotid,  and  thcougl 
chorda  tympani  of  the  submaxillary  gland.  It  also  eonUiiiis 
motor  fibres  for  the  tongue  and  side  of  the  face  and  vaso-di later  fibf 
the  finhmaxillary  gland.  Through  its  aTia^^tomoBes  with  tbe  trigei 
and  vagus  it  perhaps  contain?i  afferent  til  ires.  ,^1 

8.  The  Aliditoky  Nervk. — (Sqg  Sense  of  Hearing,)  ^1 

9.  TtiE  ULosso^PnARYNCiEAL  Nerve. — This  nerva  arises  firoi 
glosso-phfiryngeal  nucleus  deep  in  the  medulla  oblongata  near  tliea 
body,  a  nil  is  connected  with  tiie  iHideiia  of  the  vai^us.  An  n*ce 
root  from  the  spinal  cord  unites  with  it  and  serves  for  the  prodncti 
spinal  ivllexes.  It  is  supplied  to  the  palatine  and  pharyngeal  mi 
but  its  motor  function  to  these  muscles  is  not  absolutely  estal)li 
possibly  its  motor  fibres  are  derived  from  the  facial.  It  is  the  noi 
taste  for  the  back  of  the  tongue  and  pharynx,  as  well  as  bcinu:  the 
of  genernl  sensation  for  these  parts,  the  Eustachian  tube  and  tymp 

10.  The  rxEUMOGASTRTC  Nerve. — The  vagus  nerve  has  a  co; 
nucleus  witli  the  nintii  and  eleventh  nerves  in  tiie  ala  cineren  i 
lower  lialt*  of  tlie  calamus  scriptorius.  It  contains  both  atleren 
eilerent  lilues,  tiie  hitter,  j)robablv,  being  derived  from  the  siuiial- 
sory.  The  efferent  fibres  are  distributed  to  the  muscles  of  the  phn 
larynx,  tnirhea,  bronchi,  (esophagus,  stomach,  and  intestines.  It  i 
tiie  inliibitory  nerve  of  the  heart,  and  contains  vaso-motor  fibres  fc 
lungs  and  trophic  fibres  for  the  lungs  and  heart.  It  is  the  sensory 
for  the  externnl  ear,  pharynx,  ccsophagus,  stomach,  and  respii 
passages.  It  contains  afferent  fibres,  which  may  augment  or  ii 
(laryngeal  nerve)  the  respiratory  centre,  augment  the  cardio-inhil 
centre,  inhibit  the  medullary  vaso-motor  centre  (depressor  iit? 
through  it  afferent  impressions  ma}^  pass  w*hich  produce  the  saliva 
inhibit  the  pancreatic  secretions. 


SYilPATHZTIC  NEHVOUS   SYSTEM. 

IL  The  Spinal- Accessory  Nekve. — This  nerve  arises  hy  two 
separate  roots,  one  from  the  sicceasory  nticleiis  of  tlic  ineilulluj  wbicb  ia 
connected  witli  the  iiueleuH  of  the  vaj^us,  tht?  other  between  tlie  anterior 
and  posterior  roots  of  the  spinal  nerves,  as  far  down  as  the  fifth  cervical 
nerve^  its  fibres  in  the  cord  htiving^  been  traced  to  a  nucleus  on  the  outer 
side  of  the  anterior  cornna.  Tlie  anterior  branch  passes  entirely  into 
the  vau^us  and  nrives  to  it  inoi^t  of  it>s  motor  Jib  res  and  all  the  eardio- 
inhibitory  fibres.  The  spinnlaccessor}^  i»  the  motor  nerve  to  the  sterno- 
innstoid  and  trapezius  muscles;  it  receives  sensory  branches  from  the 
cervical  nerves. 

12,  TuE  Hypoglossal  Nerve. — The  Iiypoglossal  nerve  arises  from 
two  large-celled  nuclei  in  the  cahiraus  seriptodus  and  one  adjoining 
small-celled  nucleus,  bein^  connected  both  with  the  olivary  budy  and 
tlie  brain.  It  is  the  motor  nerve  for  the  muscles  of  the  ton*j:ue  and  moKt 
of  the  hyoid  mnseles.  It  receives  afferent  libj'es  from  the  fifth  and  tenth 
nerves  and  vaso-motor  fibres  from  the  sympathetic. 


Vm,    THE  SYMPATHETIC  NEKTOUS  SYSTEM. 

The  gxefit  sympathetic  nerve,  constituted  by  a  ganglionic  chain, 
composed  of  a  series  of  gnntrlia  connected  by  nerve-fdiree,  is  located  on 
each  side  of  the  vertebral  column.  Three  dillerent  forms  of  structure 
may  l)e  recognized  in  tliis  i>ortion  of  the  nervous  system — the  ganglia, 
the  peripheral  branches,  ami  the  connectiug  filaments.  The  two  chains 
«ituate<l  on  each  side  of  the  median  line  are  connected  by  transverse 
fibres,  giving  off  numerous  lirauchcs,  which  anastomose  among  themselves 
and  form  plexuses  (Fig.  3(12). 

The  sympathetic  nerve  may  be  divi<le<l  into  three  divisions*  In  the 
cephalic  portion  are  found  the  ophthalmic,  the  siiheno-palatine,  the  otic, 
the  submaxillary,  and  tlie  sidiliniiual,  with  tlie  three  cervical  liantjlia.  In 
the  thorax  and  alidomcn  are  found  the  other  two  divisions^  which  like- 
wise consist  of  a  number  of  ganglia  united  together  by  anastomosing 
filaments. 

The  ganglia  consist  of  gray  substance  united  with  nerve-tubules. 

The  fibres  are  non-meiiullated  and  connect  the  ganglia.  Each  spinal 
nerve  forms  connections  with  adjacent  sympathetic  ganglia  hy  jneans  of 
the  rami  communicantes,  which  are  formed  by  nerve-fibres  coming  from 
both  the  anterior  aiifl  the  poster i*jr  roots  of  the  spinal  nerves.  In  ad<li- 
tiou  to  the  non-meduliated  fibres  entering  into  the  constitution  of  the  great 
Bvmpatijetic  nerve  are  also  fine  ncrve-tnbules,  which  in  their  structure 
nre  unalogous  to  those  of  the  cerebro-spinat  axis.  Such  filaments  are 
much  less  abuujant  than  the  gray  or  non'medullated  fibres  of  Remak. 

The  functions  of  the  sympathetic  nervous  system  have  already  been 
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given  somewhat  in  detail  in   previous  sections.     The  most  im; 

fiinutiori   wlirch  it   fulfills   in   the    timm 
Gvouomy    IB    l\\    the    regulation    of 
calibre  of  the   blooil- vessels.      Tiiis^ 
already  been  desc»iH»od  under  the  s 
of  the  CirciilatioiK 

Hie  synjputhetic  likewise  posi 
nnmber  of  independent   functions 
in  the  ^a^-  of  inlii biting   or   stimuJ 
various    processes  which    onlinarily 
controlled   by   the  cerel>ro-spinal  nei 
As  examples  of  such  action  may  l>e 
tioiied  the  automiitic  ganglia  of  the  I 
tlie  uH'senteric  plexuses  of  the  inlci 
and    the    synipatlietic     plexuses    of 
u terns,  FaUopian  tubes,  and  ureters, 
course,  here,  also,  the  share  of  the 
pathetic   in  regulating  the  calibre  ol 
I  ih>o(l- vessels      occupies      an      imiK>l 
position. 

The  sympathetic  nerve,  also,  in 
tion  to  such  functions  in  which  this 
may  l>e  regarded  as  an  efferent 
carrying  impulses  from  the  central 
V0U9  9y*iteni,  likewise  acts  as  an  ntti 
nerve;  as,  for  instance,  in  the  cond 
of  sensory  impressions  from  tlieabdoi 
viscem  thrnnj^h  the  eplnnchiiic  m 
It  has  fni'thcr  l»een  claimtHi  tbnt  tli< 
various  ganglia  of  the  sympathetic  utft 
themselves  act  as  reflex  centres,  but  no 
clear  demonstration  of  this  statenjcnt  lui? 
ever  been  reached.  Its  strongest 
cate  was  Claude  Bernard,  and  he  poii 
to  the  sui>maxillary  ganglion  as  an  ill"- 
tration  of  such  an  independent  action  on 
tlic  part  of  the  S3*miiiathetic  g!\n:ii'» 
We  have  already  discussed  the  groutidi 
for  doubting  the  correctness  of  tii^* 
statement. 

Probably  the   main   function  of  ll»f 

ganglia    of    the     eympsithetie     ncrroa* 

la    to    modify    impulses    coming    from    the   central   P€fy<>tf 


it  lui?  , 

M 
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system,  tlirougb  the  cerebro-spiiml  nerres,  so  as  to  inUiliit  or  nioiUfy 
the  function  of  certain  orjiaus.  As  an  ilhistratiou  of  this  may  be  !ni*ii- 
tioned  the  action  of  the  sympathetic  iipun  the  pnpil.  Aeconling  to 
Budge,  the  fibres  which  are  concerned  in  prt^dneing  dilatation  of  the 
pupil  arise  from  the  spinal  cord  and  rnn  from  Uie  upper  two  dorsnl  and 
the  lowest  two  cervical  nerves  into  the  ccrvicai  syin|)uthetic,  whicli 
convey  a  them  to  the  head.  The  tutluence  of  the  8}  ui  pathetic  in 
governing  the  movements  of  the  iris  will  he  given  more  in  detail  in  the 
consideration  of  the  eye. 

Among  other  branches  arising  from  the  cervical  part  of  the  sym- 
pathetic are  found  motor  branches  going  partly  to  the  external  rectus 
muscle  of  the  eye,  vaso-motor  branches  to  the  ear,  the  side  of  the  t'ttae^ 
the  conjunctiva,  tiie  iris,  the  choroi*b  and  to  the  vessels  of  this  ivortinn 
uf  the  alimentary  and  res^piratory  tract.  Secretory  and  vaso-motor  tibrcs 
are  distributed  to  the  salivary  glands  and  to  the  sweat-glands  of  the 
integument;  winle, according  to  certain  authorities,  the  hichrynnd  glands 
receive  syuipathetic  secretory  fibres  from  ihln  portion  ol'  the  Kvinpathutic, 

Of  the  tboraeic  and  abdominal  sections  of  the  sympntbetic  the  car- 
diac plexus,  wljich  receives  accelerator  fibres  for  the  heart,  occupies  the 
most  important  position.  The  infiucnce  of  the  etcliac  plexus  of  the 
sympathetic  on  the  heart  has  already  been  given.  Of  the  alidominal 
sympathetic,  the  errliac  and  mesenteric  plexuses  and  the  s^ihmchnie 
nerves  arc  the  most  important.     They  also  have  been  already  described. 

It  is  tlius  seen  that  the  fibres  of  the  sympathetic  nervous  system 
act  as  c  on  d  uc  to  rs  of  hot  1 1  a  tie  re  n  t  an  d  e  tie  ren  t  i  m  p  res  s  i  o  n  a .  1  m  p  re  s  h  i  o  1 1 » 
traveling  from  the  periphery  to  the  centre  through  the  symijathetir 
nerve  do  not  produce  an  impression  upon  the  sensorinm.  In  otber 
words,  the  brain  is  not  capable  of  taking  cognizance  of  aUerent  im- 
pulses traveling  through  tiie  sympathetic*  Nor,  on  the  otiier  huud,  can 
voluntary  motor  impulses  pass  through  this  nerve. 


IX.  GEKEB.iL  AKD   SPECIAL  SEXSIBILITT. 

Sensation,  or  general  sensibility,  is  that  function  of  the  lirain  by 
wliich  it  perceives  or  becomes  conscious  of  im|>ressionf^  whicii  are  mnde 
npon  the  surface  of  the  body  or  upon  the  nerve«  running  from  the 
peripher}'  to  the  nerve-centres.  By  jjercejition  is  meant  that  faculty  by 
wjiieh  sensations  are  referred  to  cert-nin  external  causes*  Jt  is  im|iortaiit 
to  understand  that  all  sensations  take  place,  not  lit  the  [wint  of  eontaift 
of  the  irritant  with  the  ]>eriphery,  but  in  the  brain  itself,  and  we  Imvtr 
eridence  of  this  in  the  fact  that  if  the  brain  Ijc  in  a  sttite  of  torjK>r  no 
isation  occurs.  Again,  if  a  ligature  tie  passed  around  an  ikffertfui  nerve 
some  point  l>etwecn  its  origin  on  the  periphery  and  its  termination  in 
the   nerve-centre  no  sensation  occurs,  no   matter  how  seirere  he  the 
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stimulation  of  its  peripberal  ends  j  or,  if  the  nerve'truiik  l>e  divided,  tin? 
ni<mt  [K>werful  irritants  may  he  applied  to  the  periplieral  area  m  wUiefe 
that  nerve  ifi  distributed  without  calling  forth  Bensation. 

When  an  impression  is  made  upon  a  sentient  surface,  tbnt  impres«| 
sion  so  changes  the  molecular  equiUhrium  in  the  terminal  1ihttijeiit<»  as  1 
u;ive  rise  to  ailerent  injpresisioniJi,  whieh  travel  along  the  nerve-trunk 
reaeh  the  centres  of  the  brain,  anil  it  is  the  final  eliange  which  occur 
within  the  nerve-cells  \v  hie  li  is  to  be  spoken  of  as  sensation,  and  it  if' 
only  this  latter  change  of  whicli  the  brain  is  eogniznnt. 

Two  kinds  of  sensibility  may  be  reeogniz^^d, — ^genoral  and  specia 
sensibility;     Nerves  of  geuend  and  of  s|>ecial  sense  are  concerned  iti  tiitl 
perception  of  these  two  kinds  of  sensation.     By  the  term  special  sensUJ 
bility  is  understood  that  sensation  whirh  arises  from  nn  im[>re^S}on  of  i 
peculiar  kind  and  special  character,  which  is  capable  of  atfecting  onlj 
one  kind  of  nerve;  or,  rather,  which,  when  applied  to  one  kind  of  ii«rv< 
will  invariably  produce  a  sen^iation   pectiliar  to  thiit  nerve.     Thu*,  toi 
example,  a  stimulus  applied  to  tlie  terminal   tilnments  of  the  nerve  of 
hearing  will  invariably  be  recognized  as  an  auditor^'  sensation  ;  so  a  atiii 
nlus  of  the  optic  nerve,  whether  raechauical,  electrical,  or  cbcmical,  will' 
be  recognized  as  a  visual  sensation. 

Bj  general  sensibility  is  meant  the  appreciation  of  sensations  arising 
from  impressions  of  a  general  character  api>lied  to  the  general  f 
tary  surface  of  the  body.     Under  this  bead  are  to  be  incUided  l\ 
sense,  the  sense  of  heat  and  cold,  and  the  muscular  sense.     The  specii 
Sensations  are  the  sensations  of  smell,  taste,  sight,  and  audition. 

Certain  conditions  are  necessary  to  sensibility.     First ,  there  miia 
be  a  certain  degree  of  vaseularitv.     Unless  the  part  be  well  supplied  wiifc 
blood  it  cannot  lie  endowed  with  either  general  or  special   sensibility* 
An  illustration  of  this  may  be  seen  on  tying  any  large  artery :  the  part  taj 
which  it  is  supplied  becomes  almost  inslnntly  numb;  tl»e  blood  it*  cut  olf,j 
the  vfiscubrity  diminishes,  and  the  irritability  of  the  receptive  niament 
of  the   nerve  becomes    depressed.      80,  also,  cold,  as   is    well   knownj 
reduces  aeusibiliiy  by  dimiidshing  the  bhiod-siii>ply  of  the  [>arU 

Sevondhj^  mere  vascularity  is  not,  however,  suUk-ient;  there  mojiEt, 
likewise,  be  continuity  with  the  nerve-trunk.     Unless  the  afferent  fibret 
he  in  such  continuity  with  the  centre  no  sensibibty,  either  general  orJ 
8[>ecial,  may  takejthice.     While,  ;?««//y,  the  centre  itself  mujit  be  in  mi 
stale    of     integrity    to    recognize    or    convert    into    perceptions    tlie 
im|>ressions  brought  to  it  through  afferent  nerves, 

AVhen   impressions  have  been  frerpiently  ref>eated  upon  nerrcs  of 
general  or  special  sei»sihility  the  sensations  to  wliich  they  ordinnrilv  ntUi 
minister  bect^me  blunted.     An  illustration  of  this  may  ifadily  Ik?  drawn  j 
from  the  nerves  of  special  sense,     Sights  or  sounds  constaiitly^  pn^sculJ 


GENEBAL  AND  SPECIAL  SENSIBILITY. 


839 


the  eye  or  car  jifier  n  while  fail  to  impress  tlicm*  So,  also,  odors 
iDJiy  cease  to  be  recogiiizecL 

This  point,  however^  must  not  be  misunderstood.  If  t'ontiiiued 
attetitiou  he  direotecl  to  sensntionH,  insteud  of  being  bltinted  tliey  are 
exalted.  Of  this  we  have  nnmenms  examples  in  the  capnipilily  of  the 
Reuses  to  attain  a  high  degree  of  acuteness  of  perception  from  education. 

When  an  impression  has  been  made  upon  a  nerve  of  special  sensi- 
bility, or  even  upon  one  of  gentiral  sensiljility,  that  impression  always 
remains  n  certain  lengtli  of  time  after  the  irritating  canse  has  been 
removed  j  thus,  when  an  ignited  stick  is  rapidly  moved  before  the  eye 
the  ini  press  ion  made  upon  the  retina  in  each  successive  position  of  the 
burning  point  remains  sufliciently  long  to  appear  continuous  with  that 
made  in  the  next  sittiation,  and  thus  tUe  appearance  of  a  line  of  light 
is  obtained.  So  in  the  case  of  the  ear ;  it  is  w^ell  recognized  that 
musical  tones  are  produced  by  a  regular  succession  of  vibititions.  When 
these  viluations  succeed  each  other  more  frequently  than  sixteen  times 
in  a  second  they  give  rise  to  a  continuous  tone.  When  they  occur  less 
frequently  than  sixteen  times  in  a  second  there  is  produced  a  succession 
of  impressions^  each  one  terminating  before  the  other  begins.  No  nerve 
of  special  sense  can  take  upon  itself  the  function  of  any  otiier;  thus  the 
auditory  nerve  is  incapable  of  tri^nsmitting  visual  impressions,  nor  can 
the  olfactory  nerve  serve  for  amlition.  In  the  case  of  the  nerves  of 
general  sensibility,  the  incapability  of  interchange  of  function  cannot 
be  so  positively  denied,  si  nee  we  know  that  a  motor  nerve  may  so  unite 
with  a  sensory  nerve  a**  to  conduct  ailcrent  impressions ;  or  in  the  case 
of  the  sense  of  taste,  whicli  is  one  of  the  lowest  of  the  special  senses, 
we  shall  find  ^tliat  there  other  than  the  special  nerves  of  taste  may, 
perhaps,  serse  fur  conducting  gustatorv  impressions. 

While  the  nerves  of  special  sense  are  especially  aflapted  for  receiving 
certain  impressions,  they  may  yet  be  thrown  into  a  condition  of  irritability 
b}^  various  stimuli,  but  each  of  these  stimuli  will  produce  the  impression 
characteristic  of  the  nerve  over  which  it  passes. 

Sensations  have  been  divided  into  two  classes,  external  and  internal, 
or  objective  and  subjective,  Externanmprcssions  are  those  which  arise 
from  impressiong  made  upon  the  external  surface  of  the  body.  By 
internal  impressions  are  meant  those  which  arise  from  impressions  made 
upon  the  internal  recesses  of  the  body.  All  sensations,  however,  originate 
and  depend  upon  changes  taking  place  in  the  gray  matter  of  the  brain 
itself,  antl,  as  a  consetpjence,  there  is  no  sensation  (which  in  general 
terms  is  jiroduced  by  an  impression  made  u]>on  the  peripheral  termi- 
nation of  the  nerve)  which  may  not  to  a  ccitaiu  degree  be  produced 
by  an  impression  made  uj>on  the  nerve  in  its  course  or  at  the 
point  in  the  sensorium   where   the  nerve   terminates.     To   this  latter 
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class  of  sensations  the  tenn  subjective  is  given  in  contra -distinct  ion 
to  objective  sensations,  which  result  from  impressions  made  u\H)n 
the  termi nation  of  the  nerve.  It  is  a  curious  fact  with  regard  to 
internal  or  snl>jeetive  sensations  that  those  which  arise  from  im[>reasians 
made  upon  a  nerve  in  its  course  iire  always  referred  to  the  peripliemi 
termination  of  the  nerve  on  the  surface  of  the  body.  Thus,  if  lUe  ulnar 
nerve  is  compressed  at  the  elbow-joinfe  the  imi>ressit>n  is  nut  felt  at 
the  point  of  stimulation,  but  at  the  extremity  of  the  lingers.  Tht*  luo&t 
common  cause  of  subjective  sensations  is  to  be  found  in  changes  of  the 
lilood-snp|»ly  of  the  part;  tiius,  for  example,  when  congestion  ttked 
phiee  about  the  termination  of  the  optic  nerve  there  are  flashes  of  ligbt 
about  the  eye;  if  about  the  auditory  nerve,  ringing  sounds  in  the  ear. 

By  the  terra  sensory  organs  is  meant  those  parts  of  the  l>ody  by 
which,  through  the  nerves  of  sense,  the  brain  becomes  cognizant  of  its 
surroundings. 

By  means  of  the  special  senses  the  preservation  of  both  the  indi- 
vidual iind  of  tlie  species  is  rendered  possible.  By  means  of  the  special 
senses  animals  arc  rendered  capuble  of  seeking  and  recognizing  their 
food  and  arc  enabled  to  avoid  danger,  and,  in  a  way  to  be  indicated 
directly,  are  led  to  the  accomplishment  of  the  act  of  reproduction. 

The  more  restricted  the  peri(>heral  portion  of  any  nerve  of  sf)ee!Al 
sense  the  more  delicate  is  the  structure  of  that  terminal  organ.  In  this 
case  of  the  sensations  of  taste  and  of  smell  the  nerves  distribute  them- 
selves over  a  moist  mucous  memlirane  which  has  other  functions  to  ful^l 
in  addition  to  acting  as  the  peripheral  terminations  of  nerves  of  special 
sense.  On  the  other  band,  in  tlie  case  of  the  nerves  of  sight  &n<l  hearing, 
the  terminations  are  found  in  structures  whose  sole  function  Is  found  in 
ministering  to  these  special  sensations,  and  in  them  we  find  the  highest 
degree  of  complexity  of  the  end  apparatuses. 

It  Is,  of  course,  not  possible  to  decide  whether  or  not  in  tbe  ease  of 
the  lower  animals  impressions  made  upon  tlie  nerves  of  sense  affect  the 
brain  in  the  same  manner  as  in  man,  since  in  these  animals  the  expression 
of  sensfitions  is  greatly  restricted  :  but  from  tbe  great  similarity  of  struc- 
ture of  the  organs  of  sense  in  man  and  in  the  higher  mamnmls  it  may 
be  conehidt'd  that  impressions  are  appreciated  by  these  animals  in  tbe 
same  manner  as  in  man.  Asa  general  rule  it  may  be  stated  that  the 
senses  of  the  domestic  animals  are  quite  as  highly  develo[>ed  as  in 
and  in  certain  instances  greatly  exceed  in  acuteness  the  corresijondlng 
sense  in  man.  Usually,  in  any  special  class  of  animals  we  find  one  of 
the  sjKKjial  senses  developed  out  of  proportion  to  the  others.  Domesti- 
cation has  the  usual  result  of  reducing  the  acuteness  of  the  s|tecial 
senses,  since  the  principal  cause  for  their  exercise  in  the  protection  of 
the  animal  is  no  longer  present. 
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A.    THE  SENSE  OF  SMELL, 

By  the  sense  of  smell  aiumals  are  to  a  certain  extent  facilitated  in 
their  search  far  food,  in  the  avoidance  of  danger,  and  in  seeking  the 
opposite  8ex. 

By  the  sense  of  smell  is  meant  the  sensation  that  is  created  when 
eertaiu  substances  in  a  gaseous  form  are  inhaled  by  the  nostrils.  It  wiU  be 
fthowu  timt  tUe  sense  of  smell  is  only  excited  under  ci.Tlaiji  tlefinite  condi- 
tions and  only  when  tbe  odorous  body  comes  direetl}^  in  contact  wiLb  the 
organs  of  sense.  Here,  as  in  the  case  of  taste,  the  sensation  is  locally 
excited,  probalily  through  some  chcmici^l  intiuenee,  nnd  the  result  is  an 
entirely  specific  sensation,  it  is,  therefore,  unwarrantable  to  include 
the  sense  of  smell  among  the  other  senses,  since  it  is  quite  as  ditFereiit 
from  the  sense  of  touch  or  of  taste  as  from  sight  or  hearing.  The  action 
of  the  organ  of  smell  is,  therefore,  due  to  a  si)ecial  nerve,  the  olfitetory 
nerve,  the  first  cranial  [)air,  which  differs  from  the  others  in  origin, 
position,  extension,  and  mode  of  distribution. 

Under  tbe  name  of  olfactory  nerves  are  usually  described  the  masses 
of  gray  matter  which  arise  from  the  anterior  portion  of  the  frontal  lol»ej 
and  in  many  animals  exist  in  such  hulk  as  to  i>roject  beyond  the  frontal 
lobes.  From  the  structure  of  these  masses,  as  well  as  from  comparative 
anatomy  and  from  their  developuiental  historv,  it  is  evident  that  tliese 
parts  are  not  to  be  regarded  as  identical  with  the  peripheral  branches  of 
other  nerves  of  sense,  or  the  cranial  nerves,  but  are  to  be  regarded  as 
distinct  parts  of  the  brain.  In  many  animals  the  olfactory  lobes  are 
hollow,  their  ventricles  commnnicating  with  the  other  ventricles  of  the 
brain.  As  olfactory  nerves  onlv  nre  to  l>e  described  the  fibres  which 
originate  from  these  olfactory  bulbs  and  pass  through  the  eribiiform 
yilate  of  the  ethmoid  bone  to  be  distributed  to  the  olfactory  portion  of 
the  nasal  cavities. 

Fibres  from  the  olfactory  lobes  have  been  traced  in  tliree  bundles 
backward  into  the  cerebral  hcmi spheres,  and  the  centre  for  smell  in  the 
cortex  of  the  brain  has  Imeu  located  in  the  tip  of  the  uncinate  gyrus  on 
the  inner  surface  of  the  cere b ml  hemisphere.  Of  these  three  roots,  the 
inner  one  is  small,  tlic  middle  one  is  large  and  curves  inward  to 
the  anterior  commissure  around  the  hend  of  the  caudate  nucleus  and 
decussates  through  the  anterior  commissure  to  the  extremity  of  the 
opposite  temporo-siiheuoidat  lolKi.  The  outer  root  passes  transversely 
into  the  pyriform  lobe  and  ends  in  the  anterior  e:xtremit3^  of  the  optic 
thalamus.  * 

Microscopic  examination  of  the  olfiictory  fibres,  by  w^hich  are  meant 
the  fibres  passing  through  the  cribriform  plate,  shows  that  they  are  thin, 
transparent  fibres,   included   in  a  nucleated   connective-tissue  sheath. 


PHYSIOLOGY  OF  THE  DOMESTIC  ANIMALS. 


Exanii nation  of  tbe  structure  of  the  mcmbriine  lining  the  nasal  cavitiet 
shows  niiirketl  points  of  distinction  Itetween  the  rt^gion  to  which  the 
olfactory  fibres  have  been  trnced  and  other  portions  of  tlie  niisal  cham- 
bers. The  area  of  distribution  of  the  olfactory  nerve  is  termed  the 
regio  ol/actoria,  and  in  the  main  embraces  tlie  upper  i>art  of  the  septum 
and  tijc  upper  part  of  the  middle  turbinated  bone.  The  remainder  of 
the  nasal  cavity  is  called  tlio  regio  f^eapiraloria.  The  olfactory  region 
has  a  thicker  mucous  membrane  tlian  tbe  respiratory  part.  It  is  covered 
by  a  single  layer  of  cylindrical  epithelial  cells,  which  contain  yeUow 
))igment  in  siitlirientlv  lafi^c  quaotity  to  serve  even  by  the  naked  eye  to 
diatino^uiBh  this  part  of  tbe  nose  from  the  respiratory  passages.  The 
latter  division  of  the  nasal  cavity  is  covered  by  ciliated  epithelium  and 
contains  tubidar  glands  and  serous,  acinous  glands.  In  the  olfoetory 
region  arc  found   between  tbe  ordinary  qq 

cylindrical     ciiithelium     cells     peculiar 
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spindle-shaped  cells  with  a  large  nucleus,  containing  nucleoli,  and  sending 
up  between  the  cylindrical  cells  a  narrow  projection  whicli  in  v.iricnw 
animals  terminates  in  delicate  projecting  fdaments.  These  peculiar 
olfactory  cells  are  said  to  form  a  direct  communication  with  the  fibres 
of  the  olfactory  nerve. 

It  is  prol table,  according  to  Exner,  that  these  cella  do  not 
directly  unite  with  the  olfactory  fibres,  but  through  the  me<liation  of  n 
net-work  of  protophisniie  prolongations  of  these  cells  lying  below  their 
bases.    Examination  has  further  shown  that  not  onl^*  these  long  so-calhMl 
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olfactory  cells  form  eommunicntiou  with  this  net-work,  l>ut,  also^  processes 
ma  J  be  traced  iuto  it  from  the  so-cnlled  cylindrical  cells,  aod,  this  being 
the  fftct,  it  wnidd  seem  uiiwiirriiittJilHe  now  to  draw  a  sbarp  distinction 
between  the  tltnctions  of  these  two  chisses  of  celln  (Figs.  303  and  3G4). 

In  the  herbivora  the  con^v^olntions  of  the  inferior  tnrbinated  plate 
are,  as  a  rule,  simpler  than  in  the  earnivora,  bnt  yet  more  complex  than 
in  man.  In  the  rurninunts  and  stjlipiides  the  inf*jrior  tnrbinated  bone 
divides  into  two  plates  which  are  rolled  aronnd  each  other  in  f)|>j>osjte 
direetionft.  In  moat  of  tlie  carnivora  it  is  also  similarly  convolntefl,  bnt 
tbe  divisions  are  mnch  more  frcqtieiit  ami  the  BpaeuR  between  the 
diflTerent  leaves  narrow.  In  the  case  of  the  inferior  tnrbinated  bone  tlie 
higher  degree  of  complication  does  not  point,  as  in  tbe  ease  of  tlie 
superior  tnrbinated  bones,  to  a  higher  degree  of  development  of  tbe 
sense  of  smell,  but  in  animsils  where  this  eon<litiou  is  present  it  is  to  be 
regarded  as  a  means  of  mechanical  protection  against  the  entrance  of 
foreign  bodies  into  the  nose* 

Tbe  d liferent  cavities  in  eunneetio!i  with  the  nasid  cbambers,  such 
as  tbe  frontal,  sphenoidal,  and  maxillary  sinuses,  have  no  connection 
with  the  sense  of  smell,  but  are  to  be  reganletl  simply  as  extensions  of 
tbe  res]>iratory  |mrts  of  the  nasal  ciiand^ers  j  for  their  mucous  membrane 
is  iclentieal  witii  that  lining  this  portion  of  tbe  nose  and  conlaijis  no 
terminal  fdaments  of  tbe  olfactory  nerve.  Tliis  also  applies  to  the  case 
of  the  ethmoidal  cells;  all  these  cavities,  therefore,  are  simply  concenied 
in  warming  the  inspired  air. 

Jacobson's  organ,  on  tlie  other  Imnd^  is  to  he  rcjjarded  as  an  acces- 
sory organ  of  olfaction.  It  is  present  in  all  mammals,  and  consists  of 
two  narrow  tnl»es  protected  by  cartilage  and  |>laeed  in  the  lower  and 
anterior  part  of  the  nasal  septum.  Each  tube  is  closed  bebind,  but  an* 
terioHy  opens  into  the  nasal  chamber  by  a  furrow,  the  naso-palatine 
canal.  The  w?dl  next  tbe  middle  line  is  connected  with  the  olfactory 
epithelium,  which  is  in  direct  conHuunication  with  the  terminal  liljiments 
of  the  ulfactory  nerve.  The  outer  wall  is  covered  w  ith  columnar,  ciliated 
epithelium. 

The  nose  in  mammals  is  generally  but  slightly  detached  from  the 
bones  of  the  face.  In  solificdcs  and  rrnninants  tbe  nnres,  which  are  pos- 
sessed of  a  considerable  degree  of  mobinty,  project  but  sliglitly,  while  in 
various  memlters  of  the  hog  tribe  the  noso  is  prolonged  anteriorly, 
forming  the  snout  or  tn\v£?Ai\  In  the  ele|ihant  and  in  the  tapir  this  pro- 
longation acquires  its  maximum  development.  In  tbe  cetaceana  and 
other  aquatic  jiiammals  in  which  tbe  Qlfactory  nerve  is  absent,  as  in 
tbe  dulj>hin,  or  where  it  is  only  faintly  develojied^  tbe  nasal  cbamlwrs 
lose  all  significance  as  organs  of  olfaction  and  simply  fulfill  a  rcBpii*atory 
function. 
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In  birds  tlie  sense  of  olfiiction  is  less  stron^riy  developed  than  in 
luamnmls,  its  place  probablv  b^ing  taken  by  the  hig:lier  *leorree  of  ilerel- 
opuient  of  the  sen&ie  of  siglit.  Ah  a  eojjsrqiieuee  tUeir  nasal  chambers 
are  simple;  at  the  most  tliree  tiirbinatLul  jilatcs  (anterior^  middle, Aod 
posterior)  are  present^  and  these  are  simple  iit  form.  The  olfactory  nerve 
is  difitributt^d  alone  to  the  posterior  turbinated  hone.  The  external 
narcs  show  great  variations  in  shai>e,  while  the  posterior  iiares  com  mu- 
ni cute  by  a  small,  slit-like  opening  with  the  ay  ml  cavity.  The  olfactory 
lobes  are  most  highly  develo^Hid  in  birds  of  prey  and  in  patu)ii)edes  wlio 
feed  on  livin.ii  lislu 

In  ainpLdbia  the  nasal  chambers  are  even  less  eomplicatacl  tlian  is   ^ 
the  case  in  birds.     The  turbinated  plates  are  rndimentnry  and  usnidty    I 
reduced  to  one  in  number.     In  rejitiles  generaHy  the  nanal  eliarnliers  are 
limited  in  extent  and  are  formed  of  two  canals  opening  externally,  and 
internally  communicating  ^vith  the  month  by  two  canals  jiasstng  tlirougU    H 
the  palatine  arch. 

In  tlie  lish  the  olfactory  apparatus  is  not  so  arrangeil  as  to  be  trav- 
ersed by  a  current  of  air.  In  them  the  olfactory  organ  consists  of  two 
small  cavities  terminiiting  lu  a  eui-^le-mtc  and  ojiening  extenuilly  by  two 
nostrils.  The  bottom  of  tlicne  sacs  is  generally  thiown  up  into  folds, 
arranged  as  radii  from  a  central  point  to  which  fibres  coming  from  the 
olfactory  lolw  have  been  traced.  Water  carrying  odors  to  this  olfac- 
tory membrane  can  attect  it  but  slightly,  unless  we  can  conehide  that 
tlieir  melliod  of  oll^ietion  d lifers  entirely  from  wliat  holds  in  air-breatliinsr 
animals;  for  we  find  tliat  if  in  the  latter  the  nasal  chaml»ers  be  iillcil 
with  liquid  all  impression  on  tlie  sense  of  smell  is  imimssible. 

In  the  invertebrates  no  organ  of  smell  can  Ik?  recognized  in  the  ar- 
ticulates or  in  tbe  mollnsks.  It  is,  nevertheless,  certain  that  in  some  of 
the  invertebrates,  and  partienlariy  in  insects,  tbe  sense  of  smell  is  highly 
developed.  It  has  lieen  sn[)posed  that  here  the  antenna  or  tentaeulnare 
the  seat  of  the  sense  of  smell. 

For  any  substance  to  be  odorous  it  must  possess  two  properties.  In 
the  first  |)laee,  it  must  be  volatile — ^tlmt  is,  be  ciqiable  of  passing  into  the 
atmospberc;  and,  in  the  second  place,  it  must  to  a  certJiin  extent  be 
soluble  in  water,  tliat  it  may  pass  by  imbibition  into  the  fluid  which 
invariably  moistens  the  olfactory  membrane.  Odorous  snl^stanccs  in- 
lialed  witli  the  air  are  lironght  into  contact  with  the  olfactorv  muiHnis 
membrane  and  act  on  the  terminal  cells  of  the  olfactory  nerve  and  not 
directly  upon  tlie  nerve-llbres;  for  we  may  conclude  that  just  as  neither 
tbe  optic  nerve-fibres  are  atfeeted  by  waves  of  light,  nor  tiie  auditory 
nerve-fibres  by  waves  of  sound,  tlie  filjres  of  the  olfactory  nerve  are 
equally  insensitive  to  odors.  Smell  consists,  therefore,  in  the  pnxiuction 
of  some  cbangc,  probably  of  a  chemical  nature,  In  the  terminal  ap|>arutus 
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in  the  niueou^  membrane  of  the  oiractorj^  portion  of  the  nose»  Changes 
there  excited  ni  e  eondnete^l  tlirough  the  nerve-filaments  to  the  hr{ihi,and 
only  then  become  rceo<rnized  ns  the  sensjition  of  nmelL 

It  wonld  appear  that  the  sensation  of  Bmell  is  only  developed  on  the 
first  contaet  of  the  otlorons  particles  with  the  olfaetary  nerve,  and,  as  a 
conseqiienee,  in  order  to  obtain  an  exact  perception  of  delicate  otiors  a 
nnmbf^r  of  rapid  inspirations  are  taken,  the  month  being  kept  closed. 
In  this  way  the  air  is  rarified  in  the  nasal  chambers  and  ocb»rons  parti- 
cles str'eam  over  the  olfactory  region.  Consetiuently,  if  we  hold  our 
breath  the  sensation  of  smell  ceases,  even  if  we  are  in  an  atmosphere 
impre^miled  with  odorons  snbstanees.  It  is  fnrther  stated  thut  odnrons 
eubstanees  taken  into  the  month  and  tlien  expired  throngh  the  posterior 
nares  prod  nee  no  sensation  of  sn>ell,  pos^sibly  from  the  fact  that  In  this 
direction  of  the  atmospheric  enrrent  the  particles  are  not  luYinght  into 
contact  with  the  olfactory  region ;  while,  when  bodies  are  inhaled  with 
tlic  air  through  the  nostrils,  the  enrrent  of  entering  air  is  broken  np  by 
striking  against  t!ie  inferior  tnrbinated  bone,  and  pftrt  of  the  current 
passes  dircctl}^  through  the  respiratory  passages  and  i>art  npward 
throngh  the  olfactory  region. 

The  reason  why  odorons  liqnids  placed  in  the  nostrils  are  incapable 
of  alTeeting  the  sense  of  smell  is  |>erhapR  to  be  explained  by  the  action 
of  the  Ibiid  upon  the  olfnetory  cells,  which  perhaps  possess  a  high  degree 
of  imbibition  autl  are  paralyzed  when  brunght  in  contact  with  large 
qnantities  oF  tbdd.  Even  water  alone,  im  we  know^  will  temponirily 
arrest  the  sense  of  smell,  and  if  the  nostrils  be  filled  with  water  some 
time  will  elnpse  after  the  removal  of  the  liquid  before  the  sense  of  smell 
is  regained. 

The  amonnt  of  substance  which  may  be  recognized  b^^  the  sense  of 
smell  is  extremely  small,  Yalentin  has  calculated  that  3o?F,n  J^.c^^  of  a 
gniin  of  musk  may  be  recognized  by  the  sense  of  smelK  Even  this  is, 
perhaps,  an  inside  estimate,  for  a  grain  of  mnsk  will  for  years  give 
its  characteristic  odor  to  the  atmosphere  of  a  room,  and  the  most  deli- 
cate balance  will  at  the  end  of  this  time  fail  to  recognize  any  reduction 
in  weight,  und  yet  we  are  compelled  to  suppose  that  the  odor  has  been 
given  to  the  atmosphere  through  the  volatilizing  of  the  piirttcles  of  the 
musk. 

As  regards  the  sense  of  smell,  all  attempts  to  classify  the  impres- 
sions which  may  be  made  upon  it  entirely  fail.  The  only  distinction 
jl  which  can  be  made  is  into  what  are  termed  pleasant  and  disagreeable 
I  odors,  and  y^i,  of  course,  these  are  simply  relative  terms.  We  may  say 
I  that  a  substance  has  the  odor  of  turpentine  or  of  roses,  but  this,  of 
i     course,  gives  us  no  means  of  classifying  the  causes  of  the  sensations 
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The  intensity  of  tbe  sense  of  smdl  depends, /r«^  upon  the  size  of  ^ 
the  olfactory  smiiiee,  since  wo  lind  that  in  animals  in  which  the  setite 
of  smell  is  niont  acute  the  turbinated  ?J0nes  of  the  olfactory  region  jvre 
most  complicated  ;  tievojidli/,  on  the  concentration  of  the  ocloroiid  sulk 
stance  in  the  air;  and,  thirdhj,  on  the  fretiuency  with  whicli  the  coUimnt 
of  air  contaituiig  the  odorous  particles  are  conducted  to  the  olfactory 
orj^ans;  hence  snilling  tends  to  increase  the  intensity  of  odors. 

The  developinejit  of  the  sense  of  smell  is  always  more  highly  marked 
in  animals  than  in  man  and  plays  an  important  part  in  their  orgatftzntioii. 
(funie-dojjjs,  as  is  well  known,  will  reeojrnize  the  odor  from  game-birdt 
at  several  liundred  yiir<ls,  but  even  this  falls  Ijclow  the  acuteness  of  smell 
possessed  by  various  animals  which  are  able  to  scent  tbe  presence  of 
man  at  a  distance  of  a  mile  or  more. 


E.    THE  SENSE  OP  SIGHT. 


rsionfl 
I  the  I 


Vision  is  the  perception  of  tiic  sensation  cansea  by  the  impression 
of  a  ray  of  light  upon  the  retina,  and  in  all  animals  depends  upon 
special  sensitiveness  of  the  optic  nerve-fdaments  to  the  vil*mtion  of 
liiminons  rays.  Animals  may,  nevertheless,  be  sensible  of  light  withotii 
special  organs  of  vision,  and  maj^  even  l>e  capable  of  giving  evidence  of 
the  impression  of  such  light;  thus,  the  hydra,  although  it  has  no  distinct 

organs  of  vision,  will  move  arijund 
from  side  to  side  of  the  vessel  xfk 
wliicb  it  is  placed  until  it  has 
reached  that  on  which  the  suu  is 
sluuing  and  will  turn  itself  toward 
the  seat  of  light. 

In  its  simplest  form  the  visnal 
atn>i^ratns  is  represented  by  a  col»; 
lection  of  pigment-celU  m  ih« 
outer  coverings  of  the  lM>dy  which 
are  in  connection  witli  tlie  ter^ 
minntion  of  atferent  nervca,  Tht 
Fxo.  **^-^^^;»BKt^''(S'.^^^^^^  ^"^  **""  pigment  absorlis  the  rays  of  light, 
ThtQ«iii»»i>w/Montiiocm«ayinAi»iiia-ak|.i«<>ed<i«jiiie   aud  in  that  function  some  proee^ 

«lbu  (B);  AAA,  it«mitt&U:  ■  ■,  aataniini.  *  ' 

probably  of  A  chemical  nature, 
is  excited  and  the  sensitive  nerves  are  stimulated*  In  the  medusui, 
as  the  jelly-fish,  and  at  the  ends  of  the  rays  of  the  star-fish  «nd  otlivf 
echinodcrms  similar  collections  of  pigment  are  found,  but  ns  tht 
lens  is  wanting  no  distinct  image  can  lie  formed,  and,  consoipteilllyt 
in  such  cascH  the  diHtinction  between  liglit  and  darkness  is  all  that 
is  possible.  In  some  of  the  eephnlopod  moUiisks  two  simple  cycj 
consisting  of  a  globular  lens  with  transparent  media  analogous  to  ttej 
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cornea  of  Jng:lier  animals^  are  found  at  the  tips  of  the  tentnenla.  Evi- 
dences of  a  choroid  and  of  a  nervous  net-work  represeotiug  the  retina 
aj'e  also  fouud.  Such  organs  are  termed  ocelli.  It  is,  therefore,  seen 
that  two  classes  of  visual  api^aratus  may  he  recognized,  the  simi>le  and 
the  compound;  the  former  consisting  Birnplj  of  a  mass  of  pififinent  in 
connection  with  the  nerve-fibres,  and  the  latter  of  a  cornea  and  of  other 
accessory  organs.  In  many  insects  and  in  some  erustaceivns  both 
species  of  eyes  are  found.  The  simple  eyes  may  be  three  or  more  iu 
number  and  are  most  usually  placed  on  the  summit  of  the  head.  In  the 
articulates,  sneh  as  insects  and  crustaceans,  are  found  eyes  of  a  special 
type  of  construction^ — what  may  be  termed  composite  eyes — consisting  of 
a  collection  of  a  considerable  number  of  diverging  radiating  tnbes  or 
cones,  terndnating  on  the  surfiiiee  in  the  shape  of  polygonal  opacities  and 
inclosing  in  their  interior  a  lluitl  analogous  to  the  vitreous  body,  while 
their  deep  extremity  is  continuous  with  the  nerve-filament   and  their 


FlO.  8fl6.— Sectiok  of  thk  Kyk  of  tuw.  CorKcnAFER  (MeJotantha 
Vftlgarix ) .     ( Co  r/j  rri  ^r-r. ) 
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A.  4,  &oeti  of  itit  «(tu%^;  n,  tranr]iitr«nt  t))rrn,ti]idi  «urroiindii4  with  |iigmitit ;  c»  fll>rtf  or  the  optic 
rusk  wT  tht  ofitie  B«rT*.   Tb«  Miua  ilwU!H|»tJuD  KpplitM  t»  B^  irhich  u  a.  pQmim  of  thrive  mure  highl^^  mij 


interior  is  lined  with  pigment  Each  one  of  these  two  eyes,  which  are 
frequently  but  a  few  millimeters  in  diameter,  ofleu  incloses  from  ten  to 
twenty  thousand  of  these  little  tubes  ;  while  the  inclosed  membrane, 
win  ell  is  analogous  to  the  choroid,  is  impregnated  with  pigment  over  the 
greater  part  of  its  extent,  cxcei)t  at  the  centre,  where  a  transparent 
opening  is  present  through  which  the  light  passes  (Fig.  Hil^).  These  ej^es 
are  capable  of  forming  distinct  images,  but  each  of  tlie  diverging  cones, 
disposed  like  the  rays  of  a  segment  of  a  sphere  (Fig.  36G),  is  only 
capable  of  transmitting  the  ray  of  light  which  coincides  with  its  long 
axis;  all  the  other  rays,  striking  more  or  less  obliquely  on  the  internal 
walls  lined  with  pigment,  are  absorbed  ;  as  a  consequence,  in  such  an 
eye  the  image  is  formed  by  the  co-ordination  of  the  rays  coming  from 
corresponding  isolated  ])oints  of  the  object*  While,  nevertheless,  objects 
may  be  clearly  appreciated  by  such  an  eye,  a  large  quantity  of  light 
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must  lie  lost  by  absorption  by  the  pigment,  and,  as  a  consequence, 
the  cleiirncss  of  the  image  must  be  sacriUced.  The  field  of  vision  in 
such  an  eye  will,  of  course,  depend  upon  the  segment  of  the  sphere 
represented  by  the  termiuatioii  of  the  eunes,  si  nee,  although  the  eye  it 
convex,  no  moveraent  in  an  orbit  is  possible.  So,  again,  aeeoiiimodatiofi 
is  not  refjuired  in  such  an  eye,  since  nil  the  rays  of  light  appreciated  b/ 
each  cone  must  be  eoineidcnt  witii  the  axis  of  each  cone.  Therefore, 
such  a  compound  eye  nia3^  be  regarded  Bimply  as  a  couibinatton  of  an 
immense  number  of  ocelli  compressed  together  and  taking  an  angular 
form,  iu  insects  six-sided  and  in  crus>tacean8  four-sided.  The  color  of 
the  pigment  in  such  eyes  varies,  being  white,  yellow,  red,  green,  purple^ 
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rod  a*,;  i^^K  centTitl  dapraaijon  of  ratina,  or  rallow  apot:  0«  aatonnr  lira  Hi  of  rattaa;   l<^  Ikjallaa 
"  '\  anaatvat  ohaiinbaT:  IZ,  cryitaUioa  Tana;  13,  tUiwhu  hiiinQr:  14,  rl      ' 

d  iha  e«nMa ;  d  a,  aataro-pofltarior,  and  k  fr,  traairam  a^ea  uf  Irulb. 


or  bhiek*  Each  cornea,  or  the  termination  of  each  ocellus  or  tube,  i9 
convex  on  one  side  and  convex  or  flat  on  the  other,  so  that,  to  a  eeitain 
extent,  it  takes  tlie  part  of  a  lens. 

Among  the  inverte!*rates  the  eyes  of  the  cuttle-flsU  are  the  largest 
and  most  perfect,  resetnbtiiig  the  eyes  of  higher  animals  in  possessing  a 
crystalline  lens  and  a  chamber  l>ehind  filled  with  vitreous  humor. 

In  the  vertelirates  the  eye  is  formed  by  a  folding  in  of  the  externa] 
integument  to  form  a  lens  and  an  outgrowth  from  the  optic  vesicles  of 
the  brain  to  form  a  sentient  surface.  The  eyeball  in  vertebrates  consists 
of  an  external  white^  spherical  case,  or  sclerotic  coat,  which  serves  to 
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protect  the  eve  frniii  external  injury,  and,  rilthougli  not  transparent,  is  to 
a  fCTtiun  extent  translucent.  Anteriorly-  it  passes  into  theeoniea,  which, 
tbongli  eqiinlly  tliiek,  m  absolntely  trans imrent.  Tlie  latter  membrane 
rises  in  thickness  in  front  of  the  eye  like  a  watcU-glnss,  In  other  words, 
the  rafiius  of  cnrvature  of  the  cornea  is  that  of  a  smaller  eircle  than  that 
of  the  Imdy  of  the  eye.  The  shape  of  the  eye  is  preserved  liy  two  tin  ids, 
liie  acpieons  hiinior  tilling  the  cavitv  beliind  the  eornea.  and  the  denser, 
jelly-like  vitreouK  Imniur  oeenjninjjj  the  larger  ptrnterior  cavity  { Fig.  3G7). 

Between  these  two  chambers  is  a  diaphrfigm  the  size  of  whose  aper- 
ture is  capable  of  being  mudilied — the  iris.  Behind  the  iris  lies  the  crys- 
talline lens  and  between  the  vitreous  iiumor  and  the  sclerotic  is  fonnd 
the  choroid  membrane,  covered  with  dark  pigment-cells,  which  are 
arranged  like  a  mosaic  on  its  inner  surface.  Between  the  i-horoid  and 
the  vitreons  humor  is  found  the  retina,  which  is  tlie  transjyarcnt  expan- 
fiion,  in  a  number  of  layers,  of  the  terminal  filaments  of  the  optic  nerve. 

The  most  sensitive  part  of  its  snrtace  is  that  which  lie><  in  contact 
with  the  black  pigment.  External ly,  in  most  verteVi rates,  the  exes  are 
protected  hy  eyelids,  which  are,  however,  absent  in  fislies ;  in  them,  the 
eyes  lieing  continually  bathed  in  fluiil,  the  lachrymal  apparatits  is  like- 
wise absent.  Tlieir  eyes  are,  as  a  rule,  Imt  slightly  mobile,  the  crystal- 
line lens  is  spherical,  the  cornea  almost  flat,  and  the  iris  but  slightly 
contractile.  In  most  fishes  the  eyes  arc  placed  so  far  back  that  the  fields 
of  vision  are  distinct. 

In  reptiles  three  eyelids  are  often  found,  although  in  some,  as  in  the 
serpents,  they  are  entirely  wanting.  In  the  hitter  ease,  as  in  flshcs,  the 
ot*ular  glol*e  is  tlien  covered  only  by  the  transparent  conjuTictiva.  In 
many  reptiles  there  is  olteii  a  rudiment  of  the  lachr^'mal  apparatus.  The 
crystalline  lens  varies  greatly  in  form. 

In  birds  the  sense  of  sight  is  es|)ecially  developed.  Those  which  are 
in  the  custom  of  flying  at  great  heights  in  the  atnnisphcre  appear  to  be 
able  to  distinguish  with  the  greatest  exactness  small  bodies  on  the  sur- 
face of  the  earth.  In  birds,  at  the  centre  of  the  ocular  gluhe  and  pos- 
terior to  the  crystalline  lens,  is  found  m  peculiar  projection  of  the 
choroid^  im|>regnated  with  the  ehoroiil  pignjcnt  jind  covered  by  an  exten- 
sion of  the  retina,  which  is  termini  the  pectir}.  It  is  not  known  in  what 
way  this  structure  serves  to  assist  vision.  Perhaps  it  contains  mnsenlar 
fibres  which  act  npon  the  crystalline  lens  and  aiil  in  nccummodation. 

In  mammals  the  ocular  at>paratus  takes  about  the  same  form  as  10 

seen  in  the  human  species,  there  scarcely  l>eing  any  diflerenee  excejjt  in 

I      the  ndative  volume  of  the  eyeball  and  the  pn[nllary  open ijig,  and  in  the 

fact  that  sonu-times  the  shape  of  the  eyeball  is  elongateil   rather  than 

^apherical.    Animals  which  pass  the  greater  part  of  their   time  under 

P^gruund  are  remarkable  for  the  smallness  of  their  eyeballs.     In  others 
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which  are  aquatic,  such  ns  the  cetaceans,  the  crystalHnc  lens  is  nlmoet  i 
sijherical  as  in  tlie  fish,  and  in  them,  also,  the  ditlereiiee  in  the  refraii| 
bility  uf  the  different  media  of  the  eye  is  much  less  than  in  aniraajs  Uvin 
in  the  air. 

In  many  ninnmials,  at  the  Iwise  of  the  eye  is  found  a  collection  of 
brilliant  pio;inent-eells,  which  reflect  the  rays  of  light  falling  upon  the 
retina  and  so  give  to  these  eyes  when  seen  in  semi-thirkness  a  peculiar, 
lunaiuoiis  appearance.  This  fapetitni  is  ^^ellow  in  the  ox,  reddish  yelloi 
in  the  cat,  and*  bine  in  the  horse. 

In  mammals  the  eyes  are  placed  in  orbits  whi^se  direction  is  mor 
or  less  inclined  toward  the  sides.  Onh'  in  man,  ai*es,  and  noctumt 
birds  of  prey  are  the  or  hits  so  arranged  that  vision  may  be  dir 
forward  simultaneously  on  the  two  sides. 

The  laehrynial   apparatiin  of  nianimals  is  composed  of  a  sing 
double  laclirymal  ghuid   ]4accd  at  tlie  external  angle  of  the  orbits 

nivora,    roilents,    pachyderms, 
some  rnmiimnts   have  in  addition  m ' 
the  internal  angle  of  the  orbital  cav- 
ity   the    so-civlled    gland   of   HaFder|i 


Fio.   3flft.— Diagram   ir.i.t'^rttATixa    R«- 

FRAmCKV  OF  LlCJUT.      {GatUiL} 


FlO,    30K,— FnliMATION    OF    AN    TMaOE    BY 
K K f  J . K t "T [UN.     (Ganof.y 

The  f»VB  fpnm  the  nhjoet  A  B  ar«  Tvttvctvd  hy  tbm 
xa'irTftr  N  >C  •<}  a«  tn  niftk«  tUekr  tknf;\«  of  rR^bctlon  lqo»l 
to  thiiilf  ftnffia  of  ini'ltldncc;  if  a  |«rp»ndienlar,  A  D.  i« 
\ft  fait  fruin  the  ^Unt,  A.  and  oti«,  Et  C.  fnim  th« 
I-iint.  "B,  Hrad  tht^  r«fl«cted    rAVt  [irHlnnf^  until  thejr 

rne^t    the«c    fieriiend^^iilaini.   tKe  IttiK-iit   in    tMir)Ar«niTy  l%e  iKciAont  rtr,  S  O.  on  v|r«tiln#  tfa«  «ir||«B,  •  «, 

fMraieil   bnliittd   tha  mlrrur  ftt  •  dbtaoc^  «M|Uftl  to  tli«  ii  beat  la  tbedira«tMiOtt  U  H.  ^  A  Q  Mm  ll>t  ^rtl  tf 

ftctuAl  di9inn.<>«  uF  tli»  object  in  frout  of  the  luirmr.  laddaftfls,  HOB  III*  nagl*  of  ffttiilfrta 

wliicli  rnrnishcH  a  tliick,  whitiHih   secretion,  which  of1;en  acctimuljites 
the   corresponding  angle  of  the  eyelids,     niidimcnts  of  this  gland  » 
idso  fonnd  in  soli  pedes.    The  tears  are  collected  by  the  lachrjnnal  poini 
which  conilnet  them  through  tlie  lachrymal  duct  and  nasal  c»nal  to  thi 
nasal  cavities.     In  certain  rodents,  tlie  hares  in  jiarticiilnr,  the  Inchrvmal 
canals  are  replaced  by  fissures  which  establish  communication  between 
the  conjunctival  surface  and  the  jxasal  fossa?. 

In  the  stndv  of  the  ap[neciation  of  the  impression  of  a  ray  of  light 
upon  the  retina  and  the  formation  of  an  image  a  comprehension  of  ih 
laws  of  light  is  essential.  Tlie  eye  is  furnished  with  certain  mechanisiDi 
by  which  an  image  is  formed  somewhat  in  the  same  manner  as  in  a 
camera  obscnra.  Such  mechanisms  arc  what  are  termed  the  dioptric 
mechanisms  of  the  eye.     Rays  of  light  striking  the  retina  give  rise  to 
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sensations,  ami  we  shall,  therefore,  liavo  then  to  consider  the  mode  of 
production  of  the  visual  sensations. 

1,  The  Dioptriii  Mechntdi'mii  of  the  ^^r^-^When  rays  of  light 
proceed  from  a  1  amino  us  boily  they  always  pass  in  straight  lines,  form- 
ing in  their  flivergence  a  cone,  tlie  apex  of  which  is  the  linninous  ho{\y 
and  the  hase  such  a  plane  as  ina^-  intercept  thein.  So  lon^  as  the  medium 
is  of  nniform  density  rays  i>ass  in  straiglit  lines,  and  if  they  come  in 
contact  with  an  opaque,  polished  surface  they  will  be  reflected,  and  the 
angle  of  reflection  i«  cqu^d  to  the  auj^ie  of  iiK*idunce  aud  lies  in  the  f^auie 
plane  (Fig.  368).  If  the  rays  fall  perpendicularly  to  this  opaque  surface 
they  will  be  reflected  in  the  same  strnii!;bt  line  in  which  they  impinged. 
If  the  rays  fall  upon  a  translucent  surface  as  they  emerge  from  the 
opposite  side  they  will  be  found  to  be  bent  from  their  original  course 

^^^^^T  FlO,  370.— DiAORAK  IT^LrSTRATINO  Refractton.     {LiimloU,) 

^  £r  S|  P  t«|rr«ient  t  nj  of  Uftit  r^Biin^  throujFh  nt^ten  when  it  emerfu  ftt  0  int4:i  tltv  iitDitM|)lt«ra  It  will 

^^^P  ht  bent  AWkjr  from  ih»  p«r|wndk-ulmr  C  D  and  lie  in  th«  dtractiou  5  D. 

through  the  medium,  and  tliough  they  pass  ont  of  the  medium  in  a  line 
parallel  with  that  in  which  they  entered,  yet  they  are  not  coincident  with 
it  so  lung  as  the  medium  is  bounded  by  parallel  surfaces  (Fiir.  :Hj9).  If 
these  rays  pass  from  a  rfirer  to  n  dcni-ier  medium  they  are  bent  toward 
the  perpendicular  at  the  point  of  incidence.  If  they  (mss  from  a  denser 
to  a  rarer  medium  they  nre  refracted  from  the  (jerpendicular  (Fi^.  370). 
Thus,  when  an  oblique  luminous  ray  passes  throu^di  a  piece  of  piate- 
glass  its  course  from  the  atmosphere  is  from  a  rarer  to  a  denser  medium, 
hence  it  is,  in  the  glass,  bent  toward  the  perpendicular;  but  in  passing 
ont  it  pas*^es  from  a  denser  to  a  rarer  medium,  hence  it  is  refnvcted  from 
the  perpendicular,  ami  as  the  two  surfaces  are  parallel  the  amount  of 
refraction  toward  the  perpendicular  is  etpial  to  the  amount  of  refrac- 
tion from  the  perpendicular;  therefore  the  course  of  the  emergent  ray  is 
parallel  to  the  course  of  the  entering  ray,  although  not  coincident  with  it. 
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By  the  term  "refractive  index  ■*  i.s  nkMiiit  the  miiiiber  which  shows ] 
how  many  times  the   sine  of  tlie  Jiiijj^le  of  iiieixlence  (a  6,  in  ¥\g.  3T0. 
regnrtliiiti^  8  D  us  the  itK'ideiit  rny)  is  greiiter  tiiau  the  sine  of  the  angli* 
of  refraction  {c  d)^  it  l>eing  always   assumed  that   in    comparing  tbel 
refmetive  intlices  of  two  meilia  the  incident  mv  passes  from  air  into  tin*  i 
meiliuni.     On  passin*^  fn^ni  air  into  water  ihe  ra\'  is  no  refracted  that  the  j 
sine  of  the  angle  of  incidence  is  to  the  sine  of  the  angle  of  refraction  i 
4  i  3  ;  with  glass,  the  proportion  is  3  :  2. 


>:z^*'-^~B 


Fta,  371.— Diagram  tLLusTRATiiro  the  rtiMPfwiTiov  or  a  cvji^vix  Lsrm  of 

A  NUHBEH  ur  Pi^ANE  HiifiKAciia.    (fJanot.) 

An  ilhrstmti^irj,  first  HU^gestrd  by  Profoss^ir  Ili-nn^  Morton,  of  IIolK»ken. 
serves  greutly  to  fiiiiiplify  !h«  rniifc^piioi'i  n\*  n»fmction>  ft  liti^  ht-en  stiitfd  thot  ia 
l^tanaiof^  from  a  rarer  t»  a  (i«*nser  iiRdiiiiii  tho  limiinuiis  my  ia  hL*nt  towiiH  ih<»  I 
perpendicular.  Ifii  line  ofitiiMi,  uw  ofMoliliers,  Iw  murfhrujir  olil»i|nclv"  low»n1  ili* 
ed^ye  of  a  plowrd  lii'ld,  the  men  first  roarhriij;  the  uneven  jrronnd  will  exfK^rionro 
dittlCLiliy  in  wtilkini^over  llie  nitifj^li  surface  and  Ihc^ir  end  of  Ihe  line  will  move' 
more  slowly  Ihan  the  en*l  sLill  renitviniriii  on  Uie  level  jerouml,  and,  a&  a  conse- 
quence, the  entire  direction  of  the  line  of  men  will  be  changed.     Ou  ihe  other] 


FlQ.  S72>— DtAORAM  snowiso  Rkkhai^ion  by  a  Docble  Convex  Lkns. 

Th*  incid*nt  nj,  t*  B,  im  r«fhu^t•ll  »(  l9<«  p<i<utJi  of  tiatkil«iit«.  B,  and  »iu«r;ffGiMt«.  D.  tuntrd  iIm  »MiB, 
M  N  A,  wliioh  it«uti»  kt  F 

h;ind,  !i«  they  reach  the  opfmsiie  side  of  the  plowed  sitrfiiee  the  end  of  the  hoe] 

which  flrst  entered  will  he  the  fir«t  to  emerj^e,  and.  iis  :i  ronstM|uence.  pro|rrMi  ] 
now  being  eusier,  that  entl  of  the  line  will  tmvel  lns\v\  I  linn  the  end  still  remain* 
mg  on  the  [dowed  ground,  and,  Iherefore.  the  line  of  (nen  \\\U  now  b«*  beut  IVotll.  j 
the  perpendiculiir;  and  i*8  the  entire  line  emerifcs  the  line  of  prti^reas  will  lm\ 
l«iirallel  with  the  original  line,  bui  will  not  be  coincident  with  it. 
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Refraction  takes  place  not  in\]y  tliroutrh  media  with  plane  surfaces, 
but  likewise  through  media  Ijoiiiided  by  curved  Hurfacen,  for  the  cireum* 
fereiice  of  a  circle  may  be  supposed  to  be  made  up  of  a  miml^er  of  infinitely 
STuall,  straight  lines  :  this  is  indicated  in  the  case  of  a  lenw  in  Fig.  371. 
Hays  of  light  passing  througli  a  don ble  convex  lens  in  passing  in  are  bent 
toward  the  perpendicular  (Fig,  372),  Now,  if  the  rays  thus  acted  upon 
l>e  followed  they  will  be  found  to  meet  at  a  point  on  the  opposite  side 
of  the  lens,  called  the  focus,  at  which  light  and  heat  rays  will  converge. 
Rays  of  light  striking  the  centre  of  curvature  of  both  surfaces  of  the  lens 
will  pass  t!i rough  unchanged,  Sueh  a  line  is  called  the  chief  axis,  and 
the  centre  of  this  line  is  the  optical  centre  of  the  lens,  Kuys  passing 
through  the  optical  centre  are  termed  principal  or  chief  rays,  Rays 
parallel  with  the  principal  axis  of  the  lens  are  refracted  so  that  they  are 
collected  on  the  opposite  side  of  the  lens  at  a  point  called  the  principal 
focus ;  the  distance  of  this  point  from  the  central  point  of  the  lens  ia 
called  the  focai  distance.  On  the  other  hand,  it  is  evident  that  rays 
diverging  from  a  lurainons  point  at  the  principal  focus  will  be  so  refracted 


Fig.  nra.— IHAOHAM   iM.rsruAnvir  ArnoN  or  a  DnuBi.E  ('onvex  Lens  of 
HiutJ  CntvAFriiir:  f>s.  DiVKUiiKST  Ha  vs.    {(MnQf.) 

Tb«  dirergAbt  tnj*  fmm  tltii  UtmbhoUfl  iH>kikt    L,  nrv  bnnijrht  U>  m  Intent  it  /  Itehiad  F,  tLe  priaolfMU  twrnM 
at  whlrli  twriinci  my  a.  H  B,  wuvtrifc. 

as  to  be  parallel  when  they  pass  from  the  lens.  Again,  rays  of  light  in  the 
(irincipat  axis  and  from  a  p<unt  lieyond  the  prineij>al  focus  will  converge 
to  a  i>oint  on  the  opposite  side  of  the  lens  (Fig.  3T3), 

Four  cases  are  possible  :  First,  when  the  distance  of  the  light  from  the 
lens  is  equal  to  the  focal  distance  the  focns  will  lie  at  the  same  distance 
on  the  opposite  side  of  the  lens,  i.e.,  twice  the  focal  distance;  second, 
if  the  luminous  body  approach  to  the  lens,  or,  what  is  the  same  thing,  to 
the  focus,  then  the  focal  point  is  moved  farther  away;  third,  if  the  light 
is  still  farther  from  the  lens  than  twice  the  focal  distance,  then  the  focal 
point  conies  correspondingly  nearer  to  the  lens ;  fourth^  if  the  rays 
proceed  from  a  point  on  the  chief  axis  within  the  focal  distance  they 
will  diverge  tni  tlie  op]K)site  side  of  the  lens  and  not  again  come  to  a 
focus ;  while, on  the  oth^r  hand,  converging  rays  passing  through  a  convex 
lens  will  have  their  focal  distances  at  a  nearer  point  than  that  at  which 
parallel  rays  are  collected.  These  facts  are  illustrated  in  the  following 
diagrams  (Fig,  374). 


the  lens  the  resulting  image  will  be  bright  in  it5  central  portion^  and  will 
have  «un'onn<lirig  it  :l  hnlo  which  hccoriies  fainter  vnid  fainter  ji»  we  patt 
from  tlie  centre  to  the  cireuinrcrence  (Fig  37*j). 

Spherical  ahermtion  may  he  corrected  in  two  ways :  by  increaAiog 
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Ihe  density  of  the  lens  at  its  central  part,  in  order  tliat  it  may  act  more 
etroiigly  on  rays  of  light,  by  which  the  refracting  power  is  increased 
at  that  point ;  thia  is  accomplished  in  the  crystal  line  lens  of  the  eye  in 
this  manner  since  it  Ib  less  dense  at  the  circumference  tharj  in  the  centre : 
or,  spherical  aberration  niay  be  diminished  by  placing  a  diaphragm 
between  the  object  of  which  the  image  is  to  be  formed  and  tiie  lens,  so  as 
to  cnt  off  those  rays  which  pass  through  the  circumference  and  allow  the 
image  to  be  formed  only  by  the  central  rays.  This  method,  also,  is 
adopted  in  the  construction  of  the  eye,  where  the  movable  diaphragm  is 
represented  by  the  iris. 

Again,  another  point  is  to  be  mentioned :  white  light,  as  is  well 
known,  is  composed  of  seven  colors,  which  vary  in  their  dilferent  degrees 
of  rcfrungibdity — violet,  indigo,  bine,  green,  3'eiloWj  orange,  and  red.  If 
a  beam  of  white  light  is  passed  through  a  triangular  prism  of  glass  it  is 


Fla.  S7flL— DlAOnAM    ILU'HTRATJNCI   Sl'IlF.UlrAL  ABERRATION", 


(Gamt,) 


decomposed  into  its  constituent  rays,  the  violet  rays  being  refracted 
most  strongly  and  the  red  the  least  (Fig,  377).  A  white  point  on  a  black 
ground  floes  not  form  a  simple  image  on  the  retina,  but  many  colored  points 
api>car  after  each  other.  If  the  eye  is  accommodated  so  as  to  focus  to  a 
gharp  image  the  violet  ra3's  are  refracted  most  strongly ;  the  other  colors 
will  form  concentric  diffusion  circles,  being  most  marked  in  the  case  of 
the  red  rays.  In  the  centre  of  all  the  colors  a  white  point  is  produced  by 
their  mixture,  while  around  it  are  placed  colored  circles.  Such  an  action, 
of  course,  produces  dimness  of  the  object,  and  is  known  as  chromatic 
al>erration. 

This,  too,  may  be  corrected  in  two  ways:  either  by  making  use  of 
the  diaphragm  and  cutting  off  the  rays  pa.=;8ing  through  the  circnmfer- 
enee  of  the  lens  ;  or  in  optical  instruments  by  the  use  of  two  kinds  of 
glass,  one  of  which  has  a  different  dispersing  j>ower  from  the  other,  but 


856 


PHYSIOLOGY  OF  THE  DOMESTIC  ANIMALS. 


equal  refractmg  yiower.  Of  the  one  a  double  convex  lens  la  made,  of  the  1 
other  a  double  concave,  and  tbe  two  combined.  They  must  be  of  dif- 
ferent dispersive  power,  or  the  degree  of  concavity  which  would  correct^ 
the  chromatic  aijeiTation  would  al«o  destroy  the  converging  power  of  tbe 
convex  lens.  In  crown  glass  and  flint  glass  we  have  such  media.  The 
flint  glass  has  greater  dispersive  power,  hence  the  degree  of  concavit)' 
uecessar}'  to  correct  the  chromatic  aberration  will  be  attained  before  the 
ilegree  of  concavity  will  be  reached  which  would  destroy  the  converging 
power  of  the  convex  lens  of  crown  glass. 

In  the  different  refractive  media  of  the  eye  such  conibiDatioiis  are 
to  a  certain  extent  represente<l^  auc!  serve »  together  with  the  action  of 
the  pupil  in  shutting  otf  the  circumferential  rays,  to  correct  chromatic 
aberration. 

The  eye  as  an  optical  instrument  is  analogous  to  the  camera  obscttra, 
and  forms,  in  a  manner  to  be  described  directljs  an  inverted  image  in 


k 


FlO.  S77.— IUvr.RVM    ILLTTBTKATlNa    TKK  DECOMPOHlXrON,    ty    l*AS<ir>0   THTiOrOII 

A  PiusM,  OF  WjiiTK  Light  lnto  the  Sbvkx  CtiLoas  or  thk  SPKCTRm. 

T,nd:  0.  oi«iif«;  j.  jrallow:  r.  rrMiiT  b,  bin*;  I.  Indieo:  ^J.  tiaHat 

reduced  size  of  objects*  liefnre  it.  Instead  of  a  single  lens,  as  in  tbe 
(aniens  tlie  eye  is  eomfjosed  of  a  number  of  different  refractive  media 
placed  behind  eaeli  other — the  coruea,  tlie  a*|ueous  humor,  and  the  lenn. 
The  field  of  projection,  or  the  point  on  which  the  image  is  focused,  is  the 
retina,  and  from  ehauiies  which  hnve  recently  been  discovered  to  take 
phice  in  the  retina  in  which  tbe  visual  purple  1>eeomes  bleached  the 
analogy  to  the  process  of  t>hotography  is  very  striking. 

As  is  well  kiHJ\vrjJ>y  means  of  a  convex  lens  an  image  of  any  object 
may  be  formed  upon  a  screen  ;  thus,  if  a  convex  lens  be  held  liefore  a 
window,  and  a  piece  of  paper  placed  behind  it  as  a  screen,  at  a  certain 
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distance  behind  the  lens,  a  reversed  image  of  the  window  will  be  forraed 
upon  it.  The  manner  in  which  thia  ima^e  is  formed  may  be  represented 
in  the  following  diagrams  (Figs,  378  and  3TS). 

In  tht^&e  figures  it  is  ycen  tliat  rays  from  any  point  of  the  object,  which 
may  be  regarded  a  a  di\^erging  ray^s,  are  brought  to  a  point  behind  the 
lens.  If  the  figures  nhoiild  be  completed,  and  lines  drawn  from  each  indi* 
vidua!  point  of  the  olyects  in  the  manner  represented  in  the  illui^trationB^it 
must  be  evident  in  tracing  eacli  of  these  lines  that  a  small  inverted  image 


Fio,  JFTS.— Diagram  ii.j.u»trati>'«  the  Foumation,  by  a  Dot^ai^B  Cajrvix 

L£>'H,    OF  A   SMALLER  INVKKIKIJ   iMA(#K.      {(ratiot.) 

must  be  funned  behind  tlie  lens.  If  a  screen  he  placed  at  this  point, 
which  corresponds  to  the  focal  length  of  the  lens^  it  is  evident  that  the 
image  will  be  distinctly  defined.  On  the  other  hand,  if  the  screen  be 
either  approached  or  removed  farther  from  the  lens  an  indintinct  image 
will  be  formed.  If  the  object  be  farther  removed  from  tlie  lens  the 
image  will  decrease  in  size,  and  to  have  a  distinct  image  the  screen  must 
be  approached  to  the  lens;  and,  conversely,  if  the  object  be  approached 


r#iB»fT9.— Diagram    nvLi'STRATiNO   tjik    Formation   of   an    Imaqb  by  A 

to  the  lens  the  image  will  be  increased  in  size,  and  to  have  sharp  deilnition 
the  screen  niUHt  be  moved  farther  from  the  lens. 

A  similar  process  occnrs  within  the  eye,  although  the  refraction  of 
rays  of  light  is  much  more  complicated  than  in  the  simple  convex  lens, 
for  in  the  eye  the  ray  of  light  passes  through  several  media  and  is 
refracted  by  each*  Nevertheless,  in  the  eye,  a  small  inverted  image  is 
formed  on  the  retina,  as  may  be  readily  determined  b}^  removing  the  eye 
from  fl  recently  killed  animal,  and  if  the  sclerotic  be  removed  from  the 
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posterior  portion  of  the  eyebtill   the    iiULige  of  external    objects  in*' 
strong  light  nmy  be  seen  upon  the  retina  inverted  ami  reduced  in  size 
(Figs.  380  and  381). 

The  principai  surfaces  by  which  rays  of  light  pa*4sing  tbroiigh  tlie 
eye  are  refracted  are  the  cornea  and  the  anterior  and  posterior  surfACM 
of  the  lens.     Since  rays  of  light  passing  from  the  atmosphere  to  the  1 
cornea  pass  from  a  rarer  to  a  tlen^er  mediuin,  the  rays  of  light  will  lie 
bent  toward   the  pcrpentliuiilar.     The  degree  of  refniction  at  this  point 
will  be  more  marked  than  in  passing  from  the  cornea  to  the  aqneotts 
humor,   both   of  which   possej^s   the   same   refractive    power.     On   the 
other  hand,  the  refraction  will  be  still  greater  in  the  lens,  ho  that  the       i 
rays  will   be   stiH  more  strongly   deflected  inward.     It  has   been  &eeii^| 
that   rays  of  liglit  passing  through   the   central   point  of   the   optical  ^^ 
centre  of  a  convex  lens   do  not   undergo  j*e fraction,  and   in  a  double 
convex  lens  of  equal  carvatore  the  optical  centre  will  coincide  with  the] 


Fio,  asa— Formation  or  ak  Lkaob  ik  rnz  Eyk.    (Lanrfaa.) 

Bf  fbllowtHf  t})«  1^1  Avni  Iba  obj«^t,  A  B.  it  inAr  b«  mmia  tlut  ibmr  »n  brottf bt  to  «.  Patmt  oa  til*  asiiu» 
where  a  idiaIIi  luVertoil  bQ«f*  U  tormtA* 

geometrical  centre*     In  Buch  a  compound  systein  of  refracting  mediA 
as  in  tfie  eye  the  optical  centre  is  less  readily  determined.     It  has  ht^n 
determined   that  iu   the   eye  the  optical  centre  lies,  not  exactly  in  the 
centre  of  the  erystalliue  lens,  hut  Itetwuen  that  point  and  tlie  posterior  | 
surface  of  the  lens ;  consequently,  t!ie  rays  passing  through  this  point 
will  practically  undergo  no  refraction.     It  has  lieen  stated  that  a  screen 
may  be  su  arranged  in  relation  to  a  convex  h'us  that  a  distinct  image  of 
the  object  will  fall  upon  it.     This  relation  is  attained  when  the  scrven  i§  , 
in  the  exact  focus  of  the  lens.     If  approached  to  the  lend  or  removed  | 
a  greater  distance  Ironi  it  the  iiuage  becomes  indistinct.     So,  also,  simi- 
lar blurring  or  indistinctness  m  produced   when   the   distance  betwet»n 
the  object  and  the  Jens  is  altered. 

lu  luuking  at  a  distant  olyect  the  rays  of  light  may  lie  regarded  a;* 
parallul,  and,  as  is  w^ell  known,  are  focused  with  the  greatest  readiness 
npon   the   retina.     The   dirterenee   between   the   action   of  the  eye  ill 
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r  forming  an  image  and  that  of  a  simple  lens  is  evident  in  the  fact  that 
witii  the  normal  eje  an  object  may  be  seen  with  equal  disttnetness 
whether  at  a  great  distance  or  closely  approached  to  the  eye.  This 
indicates  that  there  must  l>e  some  mechanism  in  the  eye  by  which  the 
focal  length  of  the  refracting  media  can  be  altered.  If  the  linger  be 
held  a  short  distance  U^fore  the  eye,  the  other  being  closed,  it  may 
be  distingui&hed  with  the  greatest  distinctue.ss.  If  the  finger  remain 
in  the  same  position,  and  the  e3'e  now  lie  fixeii  on  some  more  distant 
object,  the  finger  is  seen  indistinctly,  so  that  at  will  we  may  focus  our 
eyea  on  either  the  near  or  the  far  object  and  either  may  l»e  distinctly 
seen:  yet  when  the  eye  is  arranged  for  near  objects  far  objects  are  seen 
indistinctly,  and  the  reverse.  Such  an  adjustment  of  the  refracting 
powers  of  tlie  eye  in  trrmed  accommodation.  It  was  for  a  time  thought 
that  the  accommodation  of  the  eye  was  accomplished  by  approaching  or 
withdrawing  the  receiving  surface,  the  retina,  to  or  from  the  lens.     It 


FlO.  3S1.— Dlagram  illustrating  the  Foumation  of  an  Imaue  u^  tub 

BKTl!fA.      (  1>0,) 

Ttk*  r%j%  tnm  tbt  fnist,  a.  MMinf  tknmffb  th*  «tvniM.  leiUv  «t«M  %f  «o11«ct«d  U  %U  mXwk  it  *.    Tbei* 
teom  n*  mm%  at  h*,  ud  thai  tlM  U>w«r  pai»t  biOQBM  Um  vp|wr. 

has,  however.  l>een  shown  that  this  is  not  the  case,  and  that  accommo- 
dation is  nccomplished  liy  changes  in  the  eurvatureof  the  crystalline  lens. 
Referring  airain  to  our  ilhistration  of  an  iibjetl,  a  convex  lensi,  and  a 
screen,  as  has  been  stated,  if  we  dctenniiie  the  focal  length  of  the  lens  ' 
or  the  point  at  which  a  distinct  imnije  will  l)e  formed  upon  the  screen  and 
then  approach  the  oliject  to  the  lens,  the  screen  nut  being  removed  from 
its  position,  the  image  will  lie  indistinct.  If,  now.  we  remove  the  object, 
the  screen  remaining  unmoAt'd,  and  stibstitutc  for  the  lens  originally 
used  one  of  a  greiiter  degriH'  of  curvature,  the  degree  of  refraction  will 
evidently  be  greater  nod  the  focal  length  shorter,  so  that  the  rays  from 
the  object  in  the  near  position,  being  more  diverging,  ma}'  be  brought  to 
a  focus  at  a  point  corresponding  to  that  of  the  less  diverging  rays  f^om 
tiie  faither-reniovcd  olycct.  8c>,  again,  if  the  point  of  distinct  image  be 
determined  and  the  object  ffirther  renioved,  the  screen  would  then  have 
to  be  approached  to  the  lens  in  order  to  obtain  a  distinct  image.    In  this 
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case,  also^  a  distinct  image  might  be  formed  by  substituting  a  lens  of  M 
less  degree  of  curvature.  h 

In  the  eye  accommodation  is  aeeomplldhed  by  mu&eular  action  through  ^ 
which  the  shape  of  the  lens  is  changed.     When  the  (*ye  after  viewing  an 
object  at  a  distance  is  adjusted  to  form  a  sharp  image  of  a  nearer  object  j 
the  cryetalline  lens  becomes  thiclver  through  an  increase  of  the  curvature  j 
of  its  anterior  surface.    Tliis  change  may  be  represented  in  the  foUowia| 
diagram,  after  Hehnholtz  (Fig.  *SH2), 

The  left  portion  of  the  figure  represents  the  e^'e  adjusteii  for  distantl 
objects,  while  the  right  half  is  acconimodated  for  near  objects.  It  is  here] 
seen  that  the  anterior  surface  is  increase*!  in  convexity,  moving  nearer| 
the  cornea,  and  has  carried  the  iris  with  it.  It  is  well  knowii  thai  th€ 
refraction  of  light  rays  caused  ])\  a  convex  lens?  increases  with  its  increase*! 
of  curvature,  and  that  the  focal  length  of  one  lens  will  be  longer 


FlO.   881— SCnEME  OF  ACCOMMOPATTON  FOR    NEAR   AKU    DlSTASCT   OBJBCTi; 

APTEK  Helmholtz.    (Landou.) 

The  iHjiiht  fide  nf  lh#  fl|pir«  roprowot*  tbn  cnrvtlUion  qF  Ibe  Itti4  tlnrfnc  aw«ni]iiiod*llim  h*t  •  mmr 
olirjeet,  ftsd  the  Inn  $hlt>  when  the  eje  if  »t  r««t.  Tht?  latten  indUiAte  th*  wmti  |>*ru  on  >K»th  aid^  ;  itawm 
on  the  dirht  ilcie  are  mnrkiMi  with  a  «tn>k«.  .1,  left.  jfJ,  riifht  lialf  ■»(  k««;  *'.  f»rw»i  S.  mtUr^Ut^ ,  T  A, 
csaaI  ctf^clilemiii;  I'.  A",  anterifir  elumber:  J,  Ma;  /Mnerviii  of  th«  pupil:  1'^  »tt»«rtor  ■ttrf***,  M, 
pofUntiT  juirfaow  of  th«  i«ni ;  ft.  mmtfia  of  Ch«  biti :  J'.  nwrxiH  «f  tbe  cllWy  |«tmiiii;  «  K  •!*••  ^ 
tvtwTi  tbo  twii  fiirmar:  lh«  linti  Z  A'  [b(licat«>ii  ibp  thkkliMi  of  th«  i«afl  dtirla«  MOOnaodaticm  fbr  »  MU 
object ;  Z  F,.  tbe  tliiekncsa  oftha  )«nt  wh.«ti  the  ore  i«  pttwriTe. 

that  of  one  of  greater  curvature — ^in  other  words,  the  Intter  will  prrMbu^l 
a  greater  convergence  of  the  light-rays, 

A  similar  state  of  atlhirs  holds  in  the  adjiistmcnt  of  the  leUi*  in  the] 
eye.  When  the  oliject  of  our  vision  is  closely  approached  to  the  eyc| 
the  lens  is  more  convex  than  when  the  distance  is  greater,  and  its  re&ACt 
ing  power  is.  therefore,  increased  and  the  formatrun  of  an  image  on  lliej 
retina  rendered  possible.  Of  course,  with  every  variation  in  distance j 
there  must  be  a  corresponding  variation  in  the  degree  of  curvature  of 
the  lens. 

The  mechanism  by  which  the  change  in  the  curvature  of  the  leo»  i» 
accomplished  is  the  ciliar^^  ranscle.     The  capsule  of  the  lens  is  attachedj 
at  its  edge  to  the  zone  oT  Zinn,  which  radiates  outward  and  keeps  the! 
lens  in  a  state  of  constant  tension.     At  the  point  where  the  fibres  of  this  J 
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ligdment  are  attached  to  the  outer  membrane  are  also  attached  the  fibres 
of  the  eiliary  nuisele.  When  the  eye  is  in  a  condition  of  rest,  and, 
therefore,  adjusted  fiir  distant  oiyeets,  the  ciliary  muscle  is  relaxed  and 
the  zone  of  Zinn,  by  means  of  its  elastic  tension,  pulls  on  the  edges  of 
the  lens-capsule,  thereby  extending  the  lens  in  a  radial  direction  ti^ward 
its  edge,  diminishing  its  thickness  and  flattening  its  curvature.  Whi'U 
we  want  to  focus  for  near  objects  the  zone  is  drawn  for  wan!  and  inward 
by  the  contraction  of  the  ciliary'  muscle.  Its  tension,  there  lore,  decreases, 
and  the  lens,  liy  means  of  its  elasticity,  Imlges  forward  from  the  release 
of  the  tension  nf  the  capsule  of  the  lens  and  so  increases  in  thickness, 
and  its  anterior  surface  becomes  more  curved.  It  is^  therefore,  evifient 
win*  a  strain  on  the  eyes  is  exix^rienced  when  lookinjof  at  near  objects, 
since  in  a  condition  of  rest  of  the  eye  the  muscle  is  relaxed  and  the  eye 
is  adjusted  for  parallel  n\ys  or  for  viewing  distant  objects;  but  when  near 
objects  are  closely  examined  a  prolonged  muscular  effort  is  required,  and 
this,  like  all  other  muscular  exertions,  results  in  fatigue. 


FtG.  3S3.— Mtopic  Eyk.    iLandoia.) 

In  the  normal  eye  the  far  point  of  vision  may  be  placed  at  an  infinite 
flistance,  for  in  the  normal  eye  the  degree  of  refraction  of  the  dioptric 
media  is  such  that  imrallel  rays  of  light  are  brought  to  a  focus  on  the 
retiTui.  In  myopia,  or  near-sightedness,  parallel  rays  are  not  focused  on 
the  retina  in  a  condition  of  rest  of  the  ciliary  muscle,  but  cross  within 
the  vitreous  hnmor,  and  after  crossing  form  a  diffused  image  on  the 
retina.  Tlie  ff»cal  point  in  the  myopic  cje  for  parallel  rays  falls  in  front 
of  the  retina  (Fig.  388)*  The  eyeball  is,  theretbre,  too  long  as  compared 
with  the  focal  length  of  the  refracting  media.  The  near  point,  on  the 
other  hand,  or  the  nearest  point  at  which  o!ye<'ts  may  be  distinctly  seen, 
lies  abnormally  near,  and  the  range  of  accommodatjon  is  diminished. 

On  the  other  hand,  it  is  conceivable  that  the  refracting  media  of  the 
eye  may  l>e  su«"h  that,  without  accommodation,  parallel  rays  of  light, 
ins tead  o f  I >e i n g  fo c u sed  o j i  the  ret i n a ,  a s  i n  the  e m m e t r o p i c  or  no r m al 
eye,  or  in  front  of  the  retina,  as  in  the  myopic  e3'e,  will  come  to  a  focus 
behind  the  retina  (Fig.  384).  Suc^h  a  defect  is  spoken  of  as  hypermctropia, 
and  is  due  to  the  fact  that  tijc  degree  of  refraction  of  the  media  of  the 
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eye  is  not  sutllciently  great  to  bring  parallel  rays  of  light  to  a  foons  on 
the  retina.  When  such  an  eye  is  at  rest  only  convergent  rays  are  capable 
of  forming  a  distinct  image  on  the  retina,  so  that,  therefore,  distinct 
images  can  only  he  formed  by  rendering  all  the  rays  of  light  which 
enter  the  eye  convergent;  and,  therefore,  such  an  individnul  will  not  W 
able  to  see  distinctly  without  a  convex  lens  in  frunl  t>f  the  eye.  In  sucb 
an  eye  the  far  point  is  negative,  while  the  near  point  is  abnormally 
distant  and  the  range  of  accommodation  great.  In  the  hypfrmetroiiic 
eye,  consequently,  the  distance  between  the  retina  and  the  lens  is 
abnormally  short. 

When  the  eye  is  accommodated  for  near  objects  the  pupil  coutnu;U; 
when  in  accommodation  for  distant  objects  it  dilates.  So,  also,  when 
the  eye  is  exposed  to  a  bright  light  the  pupil  beromes  reduced  in  size, 
while,  on  the  other  hand,  it  dilates  when  the  light  becomes  rediieed  in 
intensity. 

Changes  in  the  pupil  are  accomplished  by  the  action  of  the  muscular 
Lihres  of  the  iris,  which  by  their  relaxation  and  contraction  increase  or 

diminish  the  size  of  the  popil. 
The  iris,  therefore,  fulfills  the 
function  of  a  diaphragm   and 
serves  to  cut  off  the   circum- 
ferential rays  of  light,  which 
otherwise   would    lead   to   lUe 
production  of  spherical  al^rni^ 
tion.     So,  also,  as  it  conlracti* 
in  ii   bright  light,  it  serves  to 
reguhite  tlie  nnionnt  of  ray*  of 
light  entering  the  eye,  while,  further,  it  to  a  certain  extent   sup})orts 
the  action  of  the  ciliary  muscle,  as  is  seen  in  the  changes  which  occur  in 
the  size  of  the  pupil  during  accommodation. 

The  iris  is  siipj>lied  with  two  sets  of  muscular  fibres,  the  circular  or 
sphincter  fibres,  which  are  supplied  by  the  ocuh>motor  nerve,  and  the 
radiating  fibres^  or  the  dilator  *>f  the  pupil,  supplied  chiefly  by  the  eervic*! 
sympathetic  and  llie  trigeminus.  When  the  oculo-motor  nerve  is  divided 
the  pupil  dilates,  owing  to  the  contraction  of  the  dilator  fibres,  which 
still  preserve  their  integrity.  On  the  other  hjnirl,  when  the  symiiathetic 
is  dividet!  in  the  neck  the  pujul  contracts  through  the  antagonistic 
action  of  the  sphincter  fibres.  The  contractility  uf  the  circular  fibre*  in, 
nevertheless,  the  stronger,  for  if  both  nerves  be  stimulateil  iogelht?r 
contraction  of  the  pupil  will  take  place.  The  radial  muscular  fibres  are 
especially  developeil  in  birds,  while  they  have  been  claimed  to  be  absent 
in  many  other  animals. 

Changes  in  the  size  of  the  pnpil  fall  under  the  head  of  reflex  actions, 


Fig.  3SL— HvrEKMETticii'ic  Eye.    {Landot*.) 
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since  they  cannot  be  produced  tlirough  the  exercise  of  the  will.  When 
a  ni}*  of  light  fulls  upon  the  retiuji  it  leads  to  contraction  of  the  pupil, 
in  which  the  optic  nerve  is  the  allerent  nerve »  the  oculo-raotor  nerve  the 
elTeri*nt  nerve,  while  tlie  centre  lies  in  some  place  in  the  brain  below  the 
corpora  quadri^^emiru*.  This  is  proven  by  the  fact  that  when  the  optic 
nerve  is  divided  iiitcnse  liL,dit  no  longer  produces  contraction  of  the  pupil, 
while,  also,  the  diviHiun  of  tlie  third  pair  renders  the  pupil  insensitive 
to  light,  and  stimulation  of  the  peripheral  portion  of  the  oculo-motor 
leads  to  contmction  of  tlie  piipiL  So,  also,  stimulation  of  the  floor  of 
the  aipieduet  of  Sylvius  will,  likewise,  if  the  oculo-motor  nerve  be  intact^ 
lead  to  CfJU traction  of  the  pupd. 

In  contradistinction  to  what  wiil  >ie  foiurd  iu  many  instances,  two 
iym metrically  flisposed  centres  are  not  to  be  found  in  the  brain  for  gov- 
erning the  movements  of  the  pu|>il,  since  in  normal  eouditious  a  stimulus 
applied  to  one  optic  nerve  will  lead  to  contraction  of  both  pupils,  whiles 
also,  stimulation  of  the  centre  wtJI  react  on  boll*  eyes» 

In  addition  to  the  oculo-motor  nerve,  the  iris  receives  nerve-fibres 
from  the  short  ciliary  nerves  coming  from  the  ophthalmic  ganglion, 
which  is  connected  by  its  root  with  the  third  nerve,  the  cervical  sympa- 
thetic nerve,  and  the  nasal  branch  of  the  oplilhalunc  division  of  tbe  liftb 
nerve.  It  has  been  mentioned  that  section  of  the  cervical  sympathetic 
causes  coutraction  of  the  pupil ^  and  stimulation  of  the  cervical  sympa- 
thetic dilatation  of  the  pupil  It  is  evident  that  these  effects  on  the 
pupil  are  <brect!y  opposite  to  those  seen  in  the  blood-vessels  on  stimu- 
lation of  the  sympathetic  nerve. 

The  centre  for  the  dilatation  of  the  pnpt!  likewise  lies  iu  the  front 
part  of  the  floor  of  tlie  aqueduct  of  Sylvius,  while  a  second  or  inferior 
centre,  the  so-callcrl  cilio-spiual  centre,  lies  iu  the  lower  cervical  portion 
of  the  cord  and  extends  downward  to  tlie  first  or  third  dorsal  vertebra. 
This  centre  may  be  reflcxly  stimulated  by  irritation  of  various  sensory 
nerves,  when,  of  course ^  dilatation  of  the  pupil  will  take  place*  It  is 
likewise  stimulated  by  the  blood  in  dyspnoea,  and  also  a  single  centre 
governs  the  movements  of  both  putnls,  for  if  one  retina  he  shaded  both 
pupils  will  dilate.  The  cilio-spinal  centre  is  in  eounection  with  the  upper 
centre  for  the  dilator  of  the  pupil  through  fibres  passing  through  the 
lateral  columns  of  the  cord»  and  It,  together  with  the  inferior  centre, 
reacts  to  the  same  stimuli. 

WIh-u  tlie  sympathetic  nerve  is  divided  in  the  neck  the  pupil  con- 
tracts. Til  is  contmction  is  accompanied  by  a  great  increase  in  the  vascu- 
larity of  the  iris  from  the  consequent  paralysis  of  the  walla  of  its 
blood-vessels.  This  at  one  time  was  supposed  to  he  sufficient  to  explain 
the  production  of  contraction  of  the  jiupil  after  section  of  the  sym- 
pathetic.    Various  other  conditions  which  lead  to  an  increased  blood 
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supply  of  the  iris  will  inSaence  tlie  size  of  the  pupil.  Thus,  in  forced 
expiration,  by  which  the  return  of  the  blood  from  the  head  is  retarded, 
the  pupil  is  cotitracted.  So,  also^  when  the  intra-ocular  pressure  is  dimin- 
ished, as  hy  puncture  of  tbe  anterior  cb amber,  there  is  less  resistance  to 
the  flow  of  blood  to  the  blood-vessels  of  the  iris  and  the  pupil  is  iname- 
diiitely  contracted.  On  the  other  hand,  strong  muscular  exertion,  which 
leads  to  the  blofid  flowing  freely  into  the  contracting  muscles,  will  pro<luee 
dilatation  of  the  pupil. 

The  size  of  the  pupil  may  be  modi  fled  by  various  drugs,    Subst^ncei 
which  dilate  the  pupil  are  called  mydriatics  ;  those  which  lead  to  its  con* 

traction,  myotics.     Of  the  former 
may  be  mentioned  atropine,  hom<- 
atropine,  duboisine,  datunne,  and 
hyoscyaniine.     "They  act  chiefly 
by   paralysis  of  tlie   oculo-mntor 
nerve,  while  also  acting  slightlj 
upon  the  dilator    fibres »  for  after 
complete    paralysis  of  the  oculo- 
motor   nerve  the   nimlerate  dili^ 
tat  ion  thereby  produced  ma}*  ht 
intensified  by  the  adm inist ration  j 
of  atropine.     Atropi  ne  apjiearft  to  \ 
act  mainly  by  a  local  mechanism, 
since    it   produces    dilatation    of 
the  pupil  even   after  destruction 
of  the  opbtlialmic  ganglion  andj 
division  of  all  the  nerves  of  the] 
eye  except  the  optic,  and    even, 
according    to    some    autbontiesY| 
will    produce    dilatation    of    thd| 
pupil  in  an  excised  eye. 

Myotics,  of  which  physosti^*] 

mine  or  eserine  is  the  best  known,  j 

pupil    cither   by  stimulation  of  thej 
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Fig.  3»5.— Diagram  op  the  FoHMAxm?*  of 
THK  Rrtixa.    {Vco.y 

Tlu  ibraa  of  t%»«nt{e  »«rr*,  N.  |Nuoi<  rnHanf  Iba  inoMT 
•nrfke*  of  tb*  ivliiiui,  iC  to  iD«»t  the  gmnj^liaii  cell*,  frbancw 


liMtifiifii  pmm  oniwKrd  bo  tba  liitar  of  rodi  a.adi 


may    pro<luee    contraction  of  the 

oculo-motor  nerve  or  paralysis  of  the  sy  in  pathetic. 

2.  Visual  Sensaiiotis. — Our  considerations  of  the  action  of  the  organ 
of  vision  have  thus  far  dealt  simply  with  physical  processes.  The  rays 
of  light  entering  the  eye  have  been  traced  backward  through  the  tnuift- 
parent  media  of  the  eye  until  they  resulted  in  the  formation  of  an  image. 
When  the  rays  reach  the  retina,  sensory  impulses  are  excited  and  are 
carried  through  the  optic  nerve  to  the  sensorium,  where  they  givo  rise  to 
a  sensation. 

The  nature  of  the  changes  that  take  place  within  the  retina  doe4  not 
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admit  of  ns  close  analysis  as  the  ph3*8ical  action  of  tlje  different  refract- 
ing media  of  the  eye.  It  is  known  that  it  i8  only  the  layer  of  rods  and 
cones  of  the  retina  that  is  concerned  in  the  formation  of  the  image,  since 
rays  of  light  pass  through  the  anterior  layers  of  the  retina  without  giv- 
ing rise  to  any  sensations.  The  retina  is  a  highly  complicated  nervous 
apparatus,  which  may,  by  the  use  of  the  microscope,  be  divided  into 
eight  and  probably  ten  distinct  layers*  Tlje 
Innermost    layer— ^ i.e.,  the  layer  in    contact  {^■^■■fi'i 

with  the  vitreous  humor—consists  of  nerve- 
fibres  in  wliirh  the  optic  nerve  terminates, 
radiating    from   the   entraiice  of  the   optic 


^ 


•-H« 


SI 


Fig.  l^flL— Vertioai.  SKerroTr  or  Humait 
Hbtina.     iLand<H4.} 

a,  rod*  moA  atmm:  b.  «xterTk&K  j\  internal  Umitinf 
BUmNriiWi;  e,  «xUrnal,  itnd/,  iabertiAl  nnclvar  laiy«rs: 
cv  »starnAl,  vaA  <7,  intemaV  frannlAr  lajivrs;  1^  bkiwd- 
vmmI  BLBd  tterv«  calls;  t,  a*rv«~fitrnu. 


PlO,  3S7.— Layfws    op  tub    Retina, 

£».  •it«m.al  HBaitlnir  membnino;  ouK.  oxt«mKl  naclttar 
llijrcir:  iimfr,  mxt^vs^mi  ktrhmIrt  Inyer;  inK.  ini«rnAl 
nEie]««r;  im^^  lnlArnil  jTranaliir-  twffi,  g%jiii\'nttiia 
BHtrre-iidlt;  O,  SbrMtof  uiptic  iienre;  J^^intemal  llmitlitf 

for  th«  D«r¥oa«  olciuatiU. 


Derve  (Fig.  385),  At  this  point,  therefore,  the  retina  will  consist 
only  of  nerve-tubnles.  At  one  spot  in  the  centre  of  the  retina  no  nerve* 
fibres  are  to  be  distingnished,  and  on  acconnt  of  its  color  this  point  ia 
termed  the  macuia  iutea,  or  yellow  spot,  and  is  the  point  of  most  aeute 
I'ision. 

The  layers  of  the  retina  have  been  described  as  follows ;  Firaij  and 
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most  internally,  exists  a  fine  limiting  membrane  j  neeond^  ext^nialljr 
Inyer  of  nersHsfilvres  ;  thirds  n  layer  of  nerve-cells  sitmiogons  to  thv  g 
glionio  cells  of  tlie  brain;  fourth^  a  gmimlar  layer  consisting  of  an  m 
tinct  mass  of  fine  gmy  grannies ;  Jifth, th^  inner  granular  in^er,  €om|)Oi 
of  little  roiind  granules  ;  nxih^  the  intermediate  granular  kiyer,  in  wh 
the  granulnr  nmss  ia  intermingled  with  small  fibres^  nevettih^  the  on 
granular  layer,  aniilogous  to  the  inner  granular  layer;  eighth^  a  »e>cM] 
delicate  membratioua  stmcture  j  and  ninth  ^  the  layer  of  rods  and  i*oi 
(Figi.  386  and  387). 

It  id  this  moi?t  external  layer  of  the  retina  which  19  concenied  in  1 
reception  of  the  niy»  of  light  and  the  formation  of  the  image,  U  c< 
iists  of  small,  traJisparent  rotls  pncked  closely  together  at  right  angles 
the  BUrface  of  the  retina,  while  at  diiferent  intervals  between  them  is  h 
n  small  rod  expandeti  at  the  end  so  as  to  form  a  conical  slia|H*.  Tbi 
cones  are  e8i>eciaUy  flbuudant  in  the  yellow  spot,  where  there  is  n  Bti| 
depression  in  the  retina  and  where  no  rods  are  present.  To  n^acb  t 
layer  of  rods  and  eones,  the  ra^  t^  of  hght  must  eviiltmtly  pnss  tbroeij 
all  the  supenmpofit*d  layers,  and  are  finally  stopped  at  tli©  choroid,  wbk 
with  its  pigment  layer,  may  be  regarded  as  forming  a  Tuickground  fi>rll 
retina. 

That  the  nerve*libres  themselves  are  insensitive  to  light  may  I 
reftdily  determined  by  proving  that  the  point  of  entrants  of  thet^ 
nerve  ia  entire! v  insensitive  to  light.  If  one  eye  is  elosinl  and  the  dhi 
fixed  on  a  black  spot  on  a  white  sheet  of  i)aper  and  some  other  smi 
bod}'  be  gradually  moved  laterally  toward  the  outside  of  the  fit-M  0 
vision,  at  a  certain  distance  the  moving  body  will  entirely  <lisnppe:irfroi 
sight,  while,  if  the  motion  be  continued,  it  will  again  come  into  the  fie! 
of  vision  ;  or  if  we  place  two  wafers  upon  a  board  at  a  distance  of  foil 
or  five  inches  apart  and  stand  at  about  five  times  this  distanec.an 
closing  the  right  eye,  with  the  left  look  at  the  rig^bt-hand  wafer,  tlielen 
hand  wafiTwill  disappear.  The  exi)lanation  of  this  is  that  when  supbct'^ 
the  rays  of  light  from  the  left-hand  wafer  will  be  received  direetk  uii  tb 
optic  nerve,  and  so  indicates  that  the  optic  fibres  themselves  arc  in.^n 
sible  to  light,  and  that  it  is  only  through  the  retinal  expansion  of  lhe5« 
fibres  that  sensations  of  vision  are  possible.  On  the  other  h:ui«l.  tli« 
niaeiila  lutea  is  the  locality  of  most  distinct  vision.  When  we  tixe^Hv 
regard  a  point  with  the  eye,  then  the  rays  of  light  from  that  point  |^^ 
through  the  middle  of  the  pupil  and  the  centre  of  the  lens  ami  I'aH 
almost  on  the  centre  of  the  retina,  directly  on  the  yellow  spot.  Tlio  for- 
mation of  the  macula  lutea  indicates  the  reason  of  its  especial  senj^itiTe- 
ness  to  light,  while  at  the  same  time  pointing  out  the  constitueiiU^  o(th£ 
retina  which  are  concerned  in  the  formation  of  the  image.  It  ba•^  ^^^ 
mentioned  that  the  optic  fibres  surround  the  yellow  spot  without  pa^si^ 
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over  it  This  would  appear  to  indicate  such  an  adjustment  of  the  con- 
stituents of  the  retina  as  to  avoU!  tlic  slightest  interference  with  rays 
striking  on  this  point,  since  we  have  seen  that  the  optic  nerve-fibres  are 
not  sensitive. 

Again,  in  the  yellow  spot  the  cones  of  the  retina  are  closely  packed 
together^  and  in  addition  numerous  ganglionic  cells  are  found,  while  the 
uther  layers  of  the  retina  are  fainter  than  elsewhere.  The  yellow  color 
is  due  to  the  deposit  of  nutneran;^  yellow  pigment  cells. 

If  it  be  admitted  in  the  first  place  that  the  optic  nerve-fihres  are  not 
sensitive  to  light,  and  in  the  second  place  that  the  layer  of  rods  and 
cunes  represents  the  sentient  surface  for  light-waves,  a  connection  in  list 
evidently  exist  Iwtween  the  receiving  surface  and  the  nerve-fibres  to 
admit  of  the  imprecision  iK^coming  a  sensation  and  being  perceived  by 
the  l>rain.  Microscopical  examination  will  succeed  in  tracing  a  connec- 
tion by  means  of  fine  filaments  penetrating  all  the  layers  of  the  retina 
nnd  connecting  the  ncrve-filvres  with  the  ganglionic  cells ^  the  granular 
layers,  and  finally  with  the  rods  and  cones*  It  is  through  this  pntb  that 
the  irritation  causeil  by  the  rays  of  light  find  received  in  the  meshes  of 
the  rods  and  cones  passes  to  the  optic  ner^'e-fib^es,  and  thence  to  the 
brain,  there  creating  the  sensation  of  light. 

Like  other  nerv^es  of  8i>e€ial  sense,  the  fibres  of  the  optic  nerve, 
though  insensitive  to  liglit,  respond  to  other  irrit;ants,and  then  the  brain 
perceives  the  sensation  peculiar  to  that  special  nerve  and  recognizes 
that  an  irritant  has  acted  upon  the  nerve  of  vision,  and  a  Hash  of  light 
13  the  residt.  Thus,  in  cases  of  section  of  the  optic  nerve  a  flash  of 
light  is  exi>erienced,  and  then  total  darkness  follows;  so,  also,  if  the 
oi>tic  nerve  l>e  stimnliited  iiy  electricity  a  sensation  of  light  is  the 
resulL  All  tlie  nerves  of  special  sense  to  this  extent  agree  in  their 
nature,  and  the  optic  nerve  no  more  conveys  sound-waves  to  the  brain 
than  does  the  auditory  nerve  waves  of  light;  but  both  nerves  at  their 
terminations  are  stip])!ied  with  s[>ecial  forms  of  apparatus,  the  so-called 
special  sense  organs,  which  only  admit  of  being  excited  by  appropriate 
stimuli ;  thus  the  terminal  fibres  of  the  optic  nerve  are  especially 
adapted  for  receiving  impressions  of  waves  of  light,  the  auditory  nerve 
waves  of  sound,  the  dilTerence  lying  in  the  di  lie  rent  impressions  made 
upon  diflerent  special  centres  in  the  brain. 

As  to  the  mode  in  which  rays  of  light  call  into  action  the  specific 
functions  of  the  hiyer  of  rods  and  cones,  but  little  is  definitely  known. 
Uecent  investigations  appear  to  point  to  a  chemicfd  decorai  posit  ion  being 
conccrn**d  in  this  process.  It  is  well-known  that  rays  of  ligljt  produce 
decomposition  in  many  substances,  which  are  then  spoken  of  as  sensitive 
to  light  That  a  ray  of  light  shall  produce  such  decomposition,  it  must 
be  absorbed*    We  therefore,  perliaps,  see  the  explanation  of  the  invariable 
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existence  of  pigment  cells  in  the  org.iii  of  vision.  It  has  beea  m^ntioni 
that  the  first  indicatkm  of  or^ani*  of  vhion  is  represented  by  an  aceumi 
hvtioti  of  pigment  celb,  and  we  never  find  the  presence  of  an  eye  whic 
is  totally  free  from  aneh  pigment  matters, 

A  fact  which  at  first  seemed  to  show  exactly  how  this  process  wi 
accomplished  was  the  discovery  in  the  retina  of  the  purplisVr^d  pigmen 
the  so-called  visual  }>arple,  or  rhodopsin,  which  is  so  extremely  BensJtil 
to  light  that  by  proi>er  means  exteriml  objects  may  actually  Im*  phot4 
gniphed  in  it  on  the  retina.  This  substance  may  he  extracted  from  tb 
retina  by  means  of  a  2.b  per  cent*  solution  of  the  bile  neids,  especially  i 
the  oyes  have  Ijeen  kept  for  some  time  in  a  10  per  cent,  solution  of  ©on 
rnon  sjilL  Kiihne  stated  that  by  illuminating  the  retina  actual  pictnr« 
eoulil  be  produced  on  the  retina^  and  thnt  they  gradually  disappeufcd 
Th©  analogy  between  this  fact  and  the  action  on  the  sensitive  plat^  in  th 
photographic  apparatus  h  very  striking,  and  the  further  behavior  of  tin 
purple  pigment  of  the  retina  would  i>erhaps  show  that  it  is  eonceme<1  la  tb 
appreciation  of  light*  Thu*,  if  a  rahlnt  is  kept  in  the  dark  for  some  iim 
aud  then  killed,  and  its  retina  rxnuiined  by  a  monochromatic  light  Jl  wA 
be  found  to  he  of  a  brilliant  pnrple-red  color  with  the  single  exception  d 
the  macula  Intea;  on  the  other  Iinnd,  exposure  to  light  will  result  ii 
quickly  bleaching  it,  but  it  will,  however,  have  its  color  restored  if  tin 
oye  lie  again  placed  in  darkness. 

T^iifortnnfitoly,  we  are  as  yet  entirely  unwarranted  in  forming *bJ 
sueli  conclusion  or  utlirinini^  any  such  close  connection  between  thi? 
peculiar  substance  and  the  sensation  of  vision  by  tlie  fact  tlint  the  piirment 
is  conlincd  to  the  outer  segments  of  the  rods  and  is  absent  in  the  cones, 
which  wc  have  found  to  ]>e  the  most  sensitive  layer;  and  is,  in  fact,al^ont 
in  the  macula  lutea,  which  we  have  found  to  be  the  most  sensitive  point 
of  the  retina.  Finally,  it  is  absent  in  pigeons,  hens,  and  bats,  althoiiL^h 
the  retina  of  the  latter  only  consists  of  cones,  while  it  is  found  in  l^'th 
nocturnal  and  diurnal  animals.  Finally,  it  is  entirely  wanting  in  animal? 
which  undoubtedly  see  very  distinctly,  and  may  l>e  entirely  remove*! 
from  the  eyes  of  certain  animals,  as  the  monkey,  by  ])rolc)nged  exposure 
to  strong  light,  when  the  retina  will  become  completely  bleached,  but 
will  still  apparently  be  perfectly  sensitive  to  light.  We  cannot,  then^- 
fore,  at  present  explain  visual  sensations  as  due  to  chemical  ch.inges 
occurring  in  this  pigment.  The  discovery  of  the  retinal  pigment  i^. 
nevertheless,  to  be  regarded  as  an  advance  in  the  elucidation  of  this  snh' 
ject,  for  it  is  almost  impossible  to  conceive  that  it  is  not  in  some  wav 
concerned  in  vision. 

It  has  been  stated  that  the  two  pupils  act  simult^aneously.  Juwl 
as  we  know  the  function  of  the  pupil  is  concerned  in  regulatin;:  the 
entrance  of  rays  of  light  to  the  eye  and  that  vision  takes  place  simui- 
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taneaiisly  with  the  two  eyes,  the  question  arises,  Why  is  it  that  with 
two  retina?,  each  capable  of  receiving  a  distinct  image,  the  image  so 
formed  hy  tlie  use  of  the  two  e jes  is  not  double  ?  The  explanation  of 
this  lies  not  so  much  in  the  anatomical  distribntion  of  the  tunics  of 
the  eye  as  in  the  tact  that  when  ra3  s  of  light  proceed  from  a  luminous 
bo*iy  and  fall  upon  the  retime  they  fall  upon  parts  that  are  accustomed 
to  act  together.  Every  point  of  the  image  on  one  retina  falls  upon  a 
coincident  point  ui)on  the  other.  These  points  are  accustomed  to  act 
together  and  we  see  a  single  image.  The  eye^,  indeed,  receive  a  double 
impression,  and  tliis  may  be  illustrated  by  placing  two  small  bodies^ 
as  the  lingers,  at  dillercnfc  di^it!^uce8  from  the  eyes.  Directing  the  eyes 
to  the  nearer,  the  more  remote  will  appear  double,  or,  if  the  eye  be 
directed  to  the  more  remote,  the  nearer  will  a[t|>ear  donble.  This  is 
due  to  tlie  fact  that  the  images  of  the  oljject  upon  which  the  eye  is  not 
especially  directed  do  not  fail  upon  coincident  parts  of  tlie  retina. 
The  same  thing  may  be  accomplished  by  throwing  the  two  parts  of  the 
retina  out  of  coincidence  with  each  other,  when,  almost  instantaneously, 
double  vision  will  occur.  If,  while  looking  at  a  single  object,  we  press 
to  one  side  the  globe  of  one  eye,  we  bring  two  parts  of  the  retina  to  act 
together  which  did  not  ordinarily  thus  coincide- and  donble  vision  ensues. 
Any  other  cause,  such  as  various  poisons,  disease,  or  fatigue,  which  will 
disturb  the  co-ordination  of  the  eyes  or  such  an  adjustment  of  the  posi- 
tion of  the  eyes  that  rays  of  light  do  not  fall  upon  corresponding  or 
coincident  parts,  will  result  in  double  vision. 

Again,  it  has  been  stated  that  the  image  formed  ujwn  the  retina  is 
an  inverted  one,  and  3^et  it  is  a  matter  of  common  experience  that  every 
body  is  seen  in  the  field  of  vision  as  upright.  This  second  mental  rever- 
sion of  the  image  is  the  result  of  experience  acquired  in  the  exercise  of 
the  sense  of  sight.  It  la  not  to  be  understood  that  the  brain  takes  cog- 
nizance of  the  picture  upon  the  retina  and  that  vision  is  an  actual  trans- 
mission of  this  image  to  the  seusorium.  The  mind  does  not  look  upon 
the  picture  so  formed,  but  vision  is  a  mental  act  excited  by  an  impres* 
8 ion  upon  the  optic  nerve  whose  neurility  is  excited.  There  need  be  no 
more  correspondence  between  the  change  in  the  brain  and  the  image  in 
the  eyes  than  between  the  signs  of  the  telegraph  oj>erator  and  the  words 
of  the  written  message.  It  must  be  remembered  that  vision  consists  in 
the  change  developed  in  the  central  organ  as  a  consequence  of  changes 
in  the  optic  nerve.  Even  supposing  that  the  image  on  the  retina  is 
inverted,  what  difference  does  it  make?  Everything  is  inverted  and  the 
relative  position  of  things  is  unchanged.  All  objects  hold  the  same  rela- 
tion to  each  other  whether  the  image  be  inverted  or  erect ;  hence  the 
znind  is  not  conscious  of  any  inversion. 

Although  each  retina  receives  an  image  from  the  object  the  pictures 
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ai^e  not  precisely  the  same.  IT  we  bold  «p  any  object  and  look  at  it  first 
with  tlie  r'lgUi  eye,  bavinnr  tbe  lell  eye  closed,  and  then  with  the  left  eye, 
haviog  the  right  eye  closed,  it  will  be  readily  seen  that  the  pictuf>c  is  not 
precisely  the  same.  With  the  right  eye  we  see  the  right  side  of  the 
oViject,  and  with  I  he  left  eye  the  left  side.  When  thefie  two  pi  elands 
come  to  be  fused  in  the  brain  there  results  ao  image  which  differs  from 
eillier  of  the  other  two  and  which  is  projected  into  space,  giving  the 
idea  of  one  solid  body  (Fig»  388), 

It  18  npon  this  principle  that  the  &tereofiiK>pe  is  constructed.  Th« 
stereoscopic  pictiire  is  composed  of  two  images,  one  representing  I  he 
object  as  seen  liy  the  right  eye,  and  auotbivr  representing  the  object 

as  Been  by  the  left.  When  these  two 
pictures  are  fused  the  resultifi'^  pietofe 
is  formed,  which  is  a  conipoumi  of  the 
two,  and  this  fusion  of  the  two  Imsgfs 
gives  the  idea  of  solidity  of  the  ol^ject. 
When  the  eye  has  looked  at  an  ob- 
ject for  a  long  time,  espeeiuUy  if  Umt 
object  be  Inminous,  the  retina  Itecomtti 
fidigned  and  no  longer  eaj)able  of  re- 
ceiving impressions  from  it.  If  th« 
object  be  small  only  a  small  jiortion  of 
the  retina  will  be  impresseil.  If  we 
turn  away  fmm  the  object  and  fix  tlic 
eye  upon  a  white  wall  we  see  a  dark 
Bpot  npon  the  wall  eorrespomling  in  i 
size  with  the  object  iijx>n  which  wc 
have  been  looking,  Supix>se  that  we 
fix  the  eye  npon  a  bright   Fed  wafer 


rit/ vmo  "'TSicfuTirr  ^''  stronL^y   illuminated,  and    look    at    it 


FlO.  S88 

NocuLAii  Vision.     (  . 

Th«  Hn«  fitim  tb«  olytct  indicau,  UiAtibii  mjTB  Stcadilv    wl til    OUT    CVCS,    thc    FaVS     pFO- 
AmaDnbMkoft^  booklkl]  OIL  e(ilcu:i4aRt  rKMntsoT  "  ^        ^  ,         t 

y.ggy*^'*^-**'  V*  ftu*fc^»b»« «  H'*^  bold  eeeding  fn^rn  that  wafer  and  falling  ufHrn 

one  point  of  the  retina  will  fjititrwt*  that 
point  so  that  it  will  not  be  capable  of  receiving  rays  from  less  himtnoiis 
objects,  and  when  we  turn  our  eye  to  the  wall  we  see  a  s|>ot  on  the  wall 
like  the  wafer  in  size  bat  of  a  ditTerent  col<^r,  made  up  of  all  th«?  colors 
t*f  the  spectrum  except  red.  This  combination  constitutes  what  are 
termed  accidental  or  complementary  colors.  Again,  if  wc  look  at 
a  white  object  for  a  long  time  and  then  look  at  the  wall  we  see  there  an 
object  of  the  size  of  the  original  one  of  a  black  color.  The  point  of  the 
retina  upon  which  the  image  fell  has  become  ho  fatigues  I  that  it  cannot 
receive  an  impression  iVom  the  fainter  rays  reflected  from  the  wall,  while 
all  the  other  parts  of  the  retina  are  impressed  by  these  ray*.    We,  Ihef©- 
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foro,  see  the  wall  with  a  dark  npot  upon  it.  These  accidental  colors  are 
produced  hy  fatigue  of  the  retiun,  and  consist  ol*  all  the  other  colors  of 
the  six'etrum  except  thnt  of  the  liiminotis  object  at  which  we  have  been 
looking.  The  iirimary  colors,  so-called,  are  red,  yellow,  and  blue.  The 
internietliate  points  of  the  spectrum  nre  made  up  by  combinations 
of  these  ;  thus,  violet  is  a  mixture  of  red  and  blue,  green  of  3^ellow  and 
blue,  and  onintrc  of  red  laid  yellow.  Blue  is  thus  the  complement  of 
orange  and  yeliow  of  violet. 


Fta.SflD.— DiAGicAM  iLLUHTRATiwa  IRRADIATION.     {Stirling,} 

tf  Lbla  dkcrua  b  htHA  msmv  dkat4n(i«  frntii  tbq  ojre*.  tspoeikUj  \f  ihot  ti«eClf  fMmssd,  tb«  wUl*  <}ol  will 
Af^pMtr  laj-gttt  tbaa  th«  himtk,  thtingh  btrth  mn  «XM(d/  of  tb«  i»iu«  diM. 

When  rnys  of  light  from  a  strongly  luminous  body  fall  n|K)n  the 
retina  they  are  not  eonllned  exactly  to  the  precise  points  upon  which 
they  inipintrc*  Init  extend  themselves  to  a  greater  or  less  degree  around 
them.  Tliuw,  if  wc  make  a  circular  white  spot  upon  a  black  grouud,  and 
a  black  spot  of  corresponding  dimensions  upon  a  white  jn'^^inid^  the 
former  will  appear  considerably  larger  than  the  latter,  apparently »  be- 
cause the  excitation  of  the  retina  by  the  luminous  impression  tends  to 
epread  itst^f  ovit  the  adjacent  unexcited  space  (Fij^s.  3S1*,  SDO,  and  3D1). 

The    &ame  phenomena   are   seen  when 
the    experiment    is     performed    with 


la.  390,— DlArSTlAM   ILH»*iTRATI}ffl  IRRA- 
UIATIO?!.      {NiirliHfj.i 

'  M  Tim   iatu  «tt«h  ulkigr,  Aiu)   l^t  1*0  JuiD«iJ  hj  » 


FlO.  3in.      DlA^tHAM   ILLt^J^TKATlNO   IllRA< 
Tht  whit«  ft  rip,  wliicti  !■  of  fii^Q&l  width  through- 


npiMMtn 


different  colored  bodies.  If  the  impressing  body,  though  small  in  size, 
illuminate  the  retina  strongly,  it  may  irradiate  its  impression  upon  the 
surrounding  part  of  the  retina  and  make  itself  ajjpear  larger. 

In  our  perceptions  of  the  nature  of  external  objects  we  find  that 
the  sense  of  vision,  like  the  other  sensations,  is  not  infallible,  but  that 
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various  errors  in  judgroent  of  visual  sensations  frequently  occur 

of  these  admit  of  explanation  ^  others  do  not.  The  most  striking  i 
of  such  an  error  in  perception,  and  one  which  is  the  most 
explained^  is  as  follows  : — 

If  a  series  of  parallel  vertical  black  linos^  two  millimeters  m  d£ 
are  drawn  on  wUite  paper,  with  equal  white  are^is  between  them,  and  tl 
intentiy  ref!:arded  in  a  i<or>d  light,  in  a  short  lime  the  lines  will  a^tl 
the  shape  seen  in  Fi^.  31)2  at  A.     Tbey  appear  of  tiii*  shape  becaudej 
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Pig.  383.— 2uLlJ9K&'s  LiLSK 


the  manner  in  which  tlie  images  of  the  lines  fall  on  the  coDe«  iit  ll 
yellow  spot,  as  sbown  in  B, 

If  a  series  of  oblique  lines  are  drawn  perfectly  parallel  to  each  othl 
and  then  tliey  are  crossed  in  different  directions  by  a  nural>er  of  ftboj 
parallel  oblique  lines,  although  the  long  oblique  lines  are  j>erfecd 
parallel,  the  short  oblique  lines  cause  them  to  appear  to  slojie  inwaidl 
outward,  uceording  to  the  direction  of  the  oblique  lines  (Fig,  393),      j 

In  the  figure  8  and  the  capital  letter  S  the  upper  half  to  most  (< 
sons  appears  of  about  the  same  size  as  the  lower  half.  If,  however,! 
page  on  which  they  occur  bo  inverted  it  will  be  seen  that  the  lof 
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is  considerably  the  larger  (Fig.  394)  ;  or  if  the  centre  of  Fig.  SW  ' 
Hxed  at  about  three  or  four  centimeters  from  the  eye,  by  indirect  vidi 
the  broad  black  and  white  peripheral  areas  will  ap|>car  as  small  mni  dl 
lines  iKninding  tliem  as  straight  as  the  smaller  central  areas. 

If  a  disk  similar  to  tluit  seen  in  Fig.  39fi  is  rotated  the  disk  apt>eil 
to  be  covered  with  circles,  which,  arising  in  the  centre,  gradually  Uscom 
larger  and  disappear  at  the  iK'riphery.  If,  after  looking  at  such  a  revolJ 
ing  tlisk  for  some  moments,  it  be  attempted  to  read  a  printe*!  page,  or Ij 
look  (it  a  person's  face,  the  letters  appear  to  move  toward  the  centrt 
while  the  person's  face  appears  to  become  smaller  and  recetle.  If  tM 
disk  be  rotated  in  the  opposite  direction  the  opposite  results  ai*e  oh 
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tients  of  the  Eye, — The  position  of  the  eyeball  in  the  orbit 
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I      corresponds  to  a  ball-and-socket  joint,  and   each  eyeball  is  capable  of 
I      moving  around  an  immovable  centre  of  rotation,  which  has  been  found  to  be 


^^Iflced  a  sbort  distance  behind  the  centre  of  the  eye.     The  movements  of 
the  eye  arc  accomplished  b}*  six  muscles — four  straight  and  two  obliijne^ 


Fia.  S86.— BlAOKAM  iLLUJiTHATUfa  Radial  Motbnknt.    (Stirling.) 
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The  T«ct!,  or  strfiight  muscles,  all  take  origin  about  the  optic  fammeti  and 
radiato  outward,  being  inserted  in  tbe  glol)€  of  tbe  eje  oa  either  side, 
above  and  below,  eonstituting  tliua  tbe  external  and  internal  straight 
muscles  and  tUe  superior  and  inferior  straight  muscles.  Of  the  oblique 
museies,  the  superior  alone  ariges  from  the  optic  foramen  and  nms 
forward  over  the  superior  and  inner  part  of  the  orbit  through  a  pullt')* 
in  the  depression  just  within  the  inner  extremity  of  the  superior  orbiui 
margin  J  then  outward  and  backward  beneath  tlie  superior  stmigbt  muscle, 


E  i         I 

Fio.  ^7.— Rrnr.ME  or  the  Action  of  the  Octjlar  Muscles,    (Landois.) 

and  is  inserted  in  tlie  eyeball  midway  between  the  latter  and  the  external 
straiixht  muscle,  the  cornea,  and  the  optic  nerve.  The  inferior  obliqut' 
muscle  arises  tVom  the  anterior  portion  of  the  edge  of  the  orbit,  and  runs 
by  its  tendon  to  be  inserted  beneath  that  of  the  external  rectus  muscle. 
The  function  of  the  superior  oblique  muscle  is  to  roll  the  eye  downwari 
and  inward,  that  of  the  inferior  oblique  muscle  upward  and  inwani. 
although  this  nuiy  be  accomplished  by  the  different  recti  muscles  acting 
simultaneously.  The  above  diagram  indicates  the  action  of  the  ocular 
muscles  (Fig.  397). 
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Tho  ocuto-motor  nerve  supplier  all  of  tlie  muscles  of  the  eye  with 
the  exception  of  tire  external  rectus  antl  the  snperiur  (jbUqne.  The  ex- 
ternal rectus  muscle  is  supplied  hy  the  ahduoens,  or  sixtli  |>fttr,  while  the 
superior  oblique  is  supplietl  hy  the  patheticus  or  fourth  pair. 


a     THE  SENSE  OF  HEABING. 

The  sense  of  hearing  or  audition  Tiiay  he  defined  ns  that  sense  by 
which  the  mind  takes  eogniziiuce  of  the  undulations  of  the  elastic 
medium  which  give  rise  to  the  sensation  of  sound.  The  mind  recog- 
nizes not  the  body  producio*^  the  sound,  but  the  impression  matle  hy  its 
vibrations  upon  t!ie  scnsoriunL  Sound,  then,  does  not  tiike  pbce  in  the 
ear,  but  in  the  bi'ain.  When  we  speak  of  a  resounding  string  or  a 
sonorous  bell  we  make  a  mistake ;  the  string  and  the  bell  simj^l}' 
vibrate,  The.se  vibrations  give  rise  to  undulations  in  the  elastic  ether, 
which  undulations  are  transmitted  in  various  directions,  and  finally 
through  tlie  auditory  pai^sage*?  impress  tiie  auditory  nerve  and  give  rise 
to  sound*  Tbe  pliysiological  aspects  of  the  qucistion  are  bere  alone 
regarded.  Regarding  sound  as  the  recognition  of  the  impressions 
made  by  vibrating  sonorous  bodies  on  the  auditory  nerve,  if  every  one 
were  deaf  there  would,  of  course,  be  no  sound;  but,  on  the  other  liand, 
we  say  that  no  sound  may  be  produced  in  a  vacuum,  although  we  know 
that  sonorous  vibrations  still  take  place ;  hence  we  are  also  permitted  in 
a  physical  sense  to  give  the  above  explanation  of  the  word  sound. 

The  simplest  form  of  the  organ  of  hearing  is  a  eac  filled  with  fluid, 
in  whicli  the  ends  of  the  auditory  nerve  terminate.  In  all  groups  of 
animah  the  essential  part  of  the  organ  of  hearing  consists  in  a  certain 
special  form  of  terud nation  of  the  nerve,  which  is  alone  capable  of 
receiving  auditory  imi>ressions  and  of  transmitting  them  to  the  central 
ganglia  of  the  brain.  The  more  highly  complicated  forms  of  auditory 
apparatus  simply  depend  upon  modiflcations  which  assist  in  the  trans- 
mission of  sound  to  this  part* 

In  all  tl»e  inverteli rates  the  organ  of  hearing  is  restricted  to  such  a 
sim|ile  sacular  form,  in  some  instances  containing  otoliths,  or  small,  hard 
granutes,  and  ibe  vibrations  of  the  sonorous  body  are  communicated  to 
the  nerve  of  hearing  spread  over  this  sac.  In  such  animals  it  is  prob- 
able Umt  while  a  nerve  of  Ilea  ring  is  present  only  simple  sounds  and 
noises  can  be  recoguiiccd,  while  no  dilTerence  in  pitch  or  intensity  can  be 
distinguished.  Such  a  simple  form  of  apparatus,  consisting  simpl}*  of 
liquid  contained  in  a  sac^  is  found  in  niollusks. 

In  crustaceans  the* re  is  a  rudimentary  organ  of  hearing  present, 
placed  on  each  side  of  the  base  of  the  anterior  antennte.  It  likewise 
consists  simply  of  a  membranous  sac  filled  with  fluid j  and  on  which 
ramify  the  fibres  of  the  nerve  of  hearing. 
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Many  insects  are  apimrcntly  free  from  any  evidences  of  anything 
resemlilinir  an  organ  of  hearing^  yet  it  is  clear  that  these  animaU  ar« 
sensible  of  external  soiuuls*  It  is  possible  that  in  these  animals,  as  in 
certain  ratliutes  and  many  mollusks,  the  vibrations  of  sound  are  not 
appreciated  as  sound,  but,  perhaps,  as  some  raodificatiou  of  the  sense  of 
touch. 

In  fishes  there  is  no  cxtemul  car,  no  tympanic  cavity,  and  no 
cochlea.  The  ear  is  reduced  to  the  membranous  part  of  the  vestibule 
and  the  semicircular  canals,  the  latter  varying  from  two  to  three  in 
number,  while  the  vestibule  and  semicircular  canals  represent  a  closed 
cavity  J  since  there  is  neither  oval  nor  round  window,  no  tym[>a]iio 
cavity,  nor  auditory  ossicles,  SoraetiraeSj  as  in  cartilaginous  fishes,  the 
membrancHia  internal  ear  is  lodj^cd  in  tlie  cartilaijinous  substnuce  of  th€ 
bones  of  the  head,  while  in  osseous  fisihes  it  is  sometimes  in  part  within 
the  bones  of  the  cranium,  and  part  free  in  the  ceplmlic  cavity,  resting 
against  the  brain.  The  internal  car  is  in  a!l  cases  supplied  with  terminti 
fibres  of  the  auditory  nerve,  and  is  lilied  witli  a  liquid  in  which  are 
found  various  calcareous  concretions  of  greater  or  less  volume. 

In  reptiles  there  is  no  external  ear,  neither  a  pinna  nor  an  external 
auditory  canal,  the  tympanic  membrane  being  flush  with  the  head  and 
lying  ilirectly  below  the  skin,  although  in  some  instances  a  drum  mem* 
branc  is  absent.  When  present,  as  is  t lie  case  in  the  majority  of  instances, 
it  communicates  generally  by  a  large  opening — the  Eustachian  tube— 
with  the  pharynx.  The  auditory  ossicles  are  usually  reduced  to  two  in 
number.  When  the  tympanic  membrane  is  absent,  the  ossicles,  attached 
at  one  side  to  the  oval  window,  are  fastened  on  the  other  directly  against 
the  external  integument. 

In  lizards,  crocodiles,  and  serpents  the  internal  ear  is  comjKJsed  of 
the  vestibule,  semicircular  canals,  and  cochlea.  In  them,  consequently^ 
the  internal  ear  communicates  with  the  cavity  of  the  tympanum  by  the 
oval  window  and  by  tlie  round  window.  The  cochlea  in  them  is  not  ooii* 
voluted,  but  almost  straight. 

lu  the  batrachians  no  cochlea  is  present*  and,  as  a  consequence, 
round  window,  the  internal  ear  being  reduced  to  the  yestllnde  and  the 
semicircular  canaU,  the  only  communication  with  the  t^^mpanum  being 
by  the  oval  window. 

In  birds  the  apparatus  of  hearing  is  almost  as  complete  as  in  mam- 
mals, with  the  single  exception  of  the  external  auditory  pinna,  which  ti 
absent.  The  external  auditory  canal  is  formed  by  a  bony  canal  travel^ 
ing  the  temporal  bone,  and  the  t3m panic  cavity,  separated  from  thit 
canal  by  the  tympanic  membrane,  is  well  developed.  It  communicates 
with  bony  cavities  in  the  interior  of  almost  all  the  cranial  bones,  and  by 
the  intermediation  of  the   Eustachian   tube  with  the   pharynx.     Tho 


I 


4 


SENSE  OF  HEASING. 


877 


Internal  ear  is  formed  of  tbe  vestibule,  BemicireulHr  cnnnls,  ami  cochlea ; 
the  latter,  being;  but  little  developed,  is  BOt  eoiivoUited  in  a  spinil  form, 
but,  resembling  that  of  lizards  and  serpents,  consists  of  an  almost  straight 
osseous  tube  C4inal  terminating  in  a  cuUde-sac, 

In  mammals  the  ear,  for  the  convenience  of  study »  may  be  divided 
into  three  parts — ^tlie  external,  the  middle,  and  tlie  internal  ear.  Of  these 
three  the  internal  ear  is  tlie  essential,  and  the  others  arc  simply  for  the 
purpose  of  receiving  or  modif^^ing  impressions  from  the  sounding  body. 

In  the  external  ear  we  include  the  auricle,  or  pinna,  and  tire  extenml 
auditory  meatus,  bounded  internally  b^-  the  membrane  of  the  tympanum; 
in  the  middle  ear,  the  tympanum,  or  drum  of  the  ear,  Tvith  its  contained 
ossiclcf?;  and  in  the  internid  ear/that  portion  situated  in  the  petrous  por- 
tion of  the  temporal  bone,  consisting  of  the  semicircular  canals,  the 
vestibnle,  and  the  cochlea  (Fig.  398), 
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Fiq.  tms,— HcUEME  OF  THE  Oroajt  of  HEARTiro.    itandi>(s,) 

AG,  eiteniAl  tndltnrr  CMAtus;  T,  trmfiink  nqembrAse;  K,  BuJlra*  with  iu  boftd  (h)«  thttrt  pfoetu 
(Xty.  uiA  luiniile  \m}  i  a,  itrnnw  with  it»  nh^nrt  f>rwc«»  ix)  ami  lane  jmvmw;  tli«  UtMr  !■  suitnl  to  th« 
•ttew  ill  hr  tn«iQ9  of  th«  i4jlTi«Ji  mtieltt  (ih  P,  mMilla  eftr;  ov  f^ntrs  otaU*;  t,  l!»atotn  rutnD^A;  s« 
Wtonimr  ot  th«  tamlnk  immlji  n(  tli«  oocfileft :  |i«.  luaoala  tytartiDi ;  vt,  lu  tcaXu.  rtrtJlrall :  T,  vntllitili ; 
A,  SMKmlet  U,  fltricla:  El,  Mniicintrukr  euifelftt  TC.  Enitutaliia  tahv.  Thv  lan^  crrow  indieitM  Lbc 
line  of  liiKFiiQn  of  tb*  ttutiir  t^mitKnl ;  th«  ibexrt,  truTTwl  on«,  thi^t  of  ib*  lUptdluf. 

In  difTerent  groups  of  mammals  a  marked  ditference  is  found  in  the 
form  and  size  of  the  auricle,  or  pinna.  This,  in  the  majority  of  cases,  i*» 
a  trumpet-shaped  dilatation  of  the  external  auditory  canal  formed  for  the 
purpose  of  receiving  the  undulations  communicated  to  the  atmosphere, 
collecting  them,  and  transmitting  them  inward  to  the  middle  ear*  This 
portion  of  the  external  auditory  canal  owes  its  shape  to  the  cartilages 
present  in  it,  which  in  some  instances,  as  in  the  horse,  the  ass,  the  goat, 
and  the  ralibit,  are  erect  and  straight;  while  in  other  cases  the  cartilages 
are  more  delicate  and  soft^  folding  on  themselves  so  that  the  auricles  lie 
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earnivom.  It  is  bounded  Internally  hy  the  tympanic  memlirrtne  and  its 
function  is  to  conduct  to  tbe  mutdle  e-ar  the  undulations  collected  by 
the  auncle.  In  the  external  auditory  e^inal  are  found  the  oernminous 
glands  secreting  the  wiix,  which  is  principally  intended  for  lubricating 
[ujrpoaes^  and  thus  facilitates  tlie  transmission  of  sound,  while,  also,  by 
its  extremely  bitter  taste  it  perhaps  prevents  the  entrance  of  insects. 

The  tympanic  membrane  forms  the  bcnuulnry  l>ctween  the  external 
jinditory  canal  and  the  middle  ear.  This  membrane  consists  of  three 
distinct  layers,  the  outer,  the  external  integument,  the  middle  or  fibrous 
layer,  and  the  inner  or  mucous  layer,  continuous  witli  mucous  membrane 
lining  the  middle  ear.     This  membrane  is  an  elastic*  almost  unyielding, 


Fra,  401.— T,EFT  Tympaxpm  axd  An>rroRY  Os«rci*Ka    (LandoU.y 

AG.  evt«m&l  meatui:  If.  mvcabrmiui  tr«npB«i,  whk'h  ti  mOMdia^  to  lh«  hu4l«  of  th«  oiallmii,  n. 
inrl  near  it  th«>  thnrt  nmeru.  p;  h,  h«wl  nf  tn«  tual]pu»:  »,  ino«t;  K,  itirfidrti  |iim— ,  «tUi  ]f  U/auammti 
1,  lone  prnc^wt ;  i,  !iylvl&n  •>Mi*«l^ :  S.  •t*f>«4  ;  A  n,  A  x,tim  *«l«  «f  r«l«ti««  of  tlw  otiiclM.  ■Hmrn  1b  ptr- 
iT«tHLiv« ;  t,  lift*  «r  fcrscUo*  of  Uit  Umior  t^mpftol.  The  othmr  mmmw  thnw  Ili«  Bi«v«aB«at«  of  tJM  oMtolflf 
whtm  tb*  Umaat  coatnoli. 

membrane,  elliptical  in  form,  and  is  placed  obliquely  in  the  floor  of  the 
external  meatus  at  an  anjjle  of  about  40^,  hcint::  directt*^!  from  aljove 
downward  and  inward.  This  oblique  position  enables  a  larger  surface 
to  be  presented  to  the  undulations  conducted  from  the  external  auditory 
canal  than  if  it  were  placed  vertically.  This  memlirane  is  not  entirely 
flat,  bnt  at  its  centre  is  drawn  slightly*  inward  where  the  handle  of  the 
malleus  is  attached  to  it,  while  the  short  process  of  the  malleus  causes 
a  slight  bulging  of  the  membrane  near  its  upper  margin  (Figs.  399  and 
400), 

The  middle  ear,  or  the  drum  of  the  ear  or  the  tympanum,  is  bounded 
by  the  tympanic  membrane  on  the  exteriofj  and  on  the  interior  by  the 
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iftbyrintk  It  connects  interiorly  with  the  fauces  hy  the  Eustacbmn  tube, 
and  posteriorly  with  the  mastoid  cells  of  the  mastoid  portion  of  the  tem- 
poral bone.  In  some  animals  these  mastoid  cells  are  greatly  developed 
and  so  form  an  important  augmentation  of  the  tympanic  cavity,  while  the 
Eustachian  tnbe,  wliicli  is  short  and  straight  in  the  e4ise  of  most  rumi- 
nants, is  very  much  dilated  in  tlie  horse  where  it  forms  what  may  U 
termed  guttural  pouches  (Fig.  401). 
L 
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Fio,  402.— L  TiiK  MEriTANTra  oF  titk  ArniTOiiT  OaHTn.RR,  akti^r   Hf.i^h- 
BoLTz,    IL  Hkctujn  of  the  Miiuile  Ear,  afteh  Hkkhkn.    {Muttk.) 

I,  fl^  ntAlUiia:  h,  \nvnn:  nm,  long  prnoMi  of  jncni  r  '.  itapw:  th«  ftrrriwc  «htiif  th*  dlrtHJNiB  of  B>- 
mparior  llinittkat ;  ^  itA|;iM. 

Stretcliing  ncross  the  middle  ear  from  one  side  to  the  other  is  the 
chain  of  hones,  each  named  from  its  resemblance  to  some  instniment; 
thus,  tlie  malleus,  so-callod  from  its  resemblance  to  a  hammer,  is  attached 
to  the  membrannm  of  the  tympanum  by  its  handle  ( Fig*  402).    The  second 

bone,  from  its  resemblance  to  an  anvil,  Is 
called  the  incus,  and  is  attached  ou  tlie 
one  side  to  the  malleus  and  on  the  other 
to  the  stapes  or  stirrup-bone,  which  is 
connccteci  by  its  base  to  the  membnne 
of  the  fenestra  ovalia,  which  opens  into 
the  internal  ear*  All  these  ossicles  are 
movable  on  each  other,  but  they  have  no 
lateral  connection  with  any  structure. 
Sometimes  at  the  end  of  the  incus  is  found  a  separate  bone  known  as  the 
09  orbienlare.  In  the  inner  boundary  of  the  middle  ear  is  placed,  in 
addition  to  the  oval  window,  a  second,  also  commnnicatiDg  with  the 
vestibule^  and  called  the  fenestra  rotunda,  or  round  window* 

The  internal  car,  or  labyrinth,  is  composed  of  bone,  and  caosLiU  of 


FlO.40^.— EXTKRNAI- Al'l*K.\nANrR 
OF   TIIK    LAllYTtlNTTI    ASTt    Fe- 
KEKTKA   OVALIS.      (LfindoiM.) 
/tspft«r.  K  horitontikh  And  f  pn«t»rt«r  MmK' 

•imlHT  cAnjhlt  nt  th«  l«a  iitda.     Tba  cochin  i« 


Fig,  401.— SCnKITB  OF  THE  AOTJITORY  APPARATtTS.     {Btmini*,) 
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16^  MtiilBlrealftr  «»a«l. 


labyrinth  and  the  semicirculjir  canals  and  vcstibnle  Ih  a  fluid  OHlle<l  the 

|>enlynii»h,  whit^h  is  also  contained   in  the  cochlea.     Witlitn  the  nieni- 

liFHtiouH   hii'yr^<**^^li  i^  ^  simihir  fluid    termed   the   endolyjnph.     In   the 

ittU^rior  of  the  memhranous  lahyriuth  arc 

ufleti     foinid    little    |>articles    consisting 

itlmost    entirely    of    carbonate    of    lime, 

trailed  otoliths,  or   ear-*^tones  (Fi;:.   405), 

^Sometimes  these  are  attached  to  the  walla 

^f  the  membranous  hib)  riuth,  rind  some- 

ttnies    they   are    found  lying  kmsely  and 

are  Intended  to  increase  the  intensity  of 

tlic  sounds. 

The  cochlea  consists  of  a  spiml 
cmnal  mnkinj^  two  and  one-half  revo- 
lutions about  a  central  axis.  It  is  divided 
liy  a  spiral  lamina,  partly  membranous  and  partly  bony,  into  two 
fll visions  known  us  scahp,  of  which  one  is  above  the  other.  The  superior 
at  ita  inferior  extremity  terminates  in  the  vestibule  and  is  known  as  the 
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Crista    AcfirsxicA   t>F   tmk 


882 


PHYSIOLOGY  OF   THE  DOMESTIC   AXIMALS. 


scala  vestibuli,  while  the  other,  or  inferior,  terminates  in  the  round 
window  and  is  called  the  Bcala  tympaiii.  On  these  laminie  ftpiniiet  are 
distributed  portions  of  the  auditory  nerve,  which  takes  origin  from  llie 
floor  of  the  fourth  ventnelc  ami  runs  into  tlie  jx'trous  portion  of  the 
tempoial  bone  through  the  meatus  auditorius  internus  and  divides  int4) 
two  divisions,  one  going  to  the  cochlea  and  the  other  to  the  vestihultl 
nefir  to  the  end  of  the  seinicircular  canals.  It  loses  itself  upon  the  wnllfl 
of  the  vestibule  aud  tlie  walls  of  the  anipullie,  or  membranous  dilatsiiiunij 
at  the  coniuieuceinent  of  the  three  semicircular  canals  (Fig,  400). 

The  cochlear  nerve  is  distributed  to  the  scalae  of  the  cochlea,  where j 
its  terminal  fibres  form  connection  with  Corti^s  organ,  whicU  is  pla 
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Fig.  406.— Sen EMK  OF  the  Labyrtntu  ani>  TmntfiNATioif  or  mm  Ai-dftort 

Neuvk.     {Lfindoi*.} 

L  TraniirerM  mcUm  *>f  *  turn  of  thu  c«>*h1(«,    II.  A.  amt>*illft  of  a  ivmMreqIftr  anaJ     m  n  uadltarr 
MHa.  Tt,  |.ni*iilihi  with  a.  ftno  hftir;  T.  irtoUtlm.     ITI.  Sohraic  iif  th*  buutu  Iftliyriatli      IT    ftch_^  < 
»  tufil'i  Ubyriitth.    v.  dcbraia  of  A  flab  i  Uk'yriaUu  -=^— ■ww^ 


in  the  ductus  cochlearis,  a  small,  triangular  chamlier,  rut  off  fr<im  the 
scala  vestibuli  by  the  niembmne  of  Reissner  (Fig.  407). 

Corti's  organ  is  placed  on  the  meml»rant>ns  portion  of  the  lamina 
spiralis,  and  c<»usists  of  an  appiinituH  composed  of  the  so-ealletl  Corti  i 
arches,  eacli  of  which  consists  of  two  Corti^s  rods.  Every  t#o  rod« 
unite  to  form  an  arch,  so  that  there  are  always  two  or  three  inner  rodi 
aud  two  outer  rods.  Toward  the  apex  of  the  cochlea  the  rods  becomt 
longer  aud  the  span  of  tiie  [trches  iuereaaes.  The  terminnl  orgatia  of 
the  cochlear  nerve  are  the  cylindrical  hair-cells  describeti  by  Cortl,  of 
which  there  are  two  rows,  the  row  of  inner  cells  resting  on  a  laver  of 
small,  granular  cells,  and  the  onter  cells  distributed  in  three  or  fotirrows 
resting  on  a  basement  membrane*    Between  the  outer  cclk  there  mu 
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Other  cellular  structures  to  be  noticed,  whicli  are,  perIiftps,to  be  regarded 
as  special  cdlfl  (Fig:.  408). 

Waves  of  sound  fulling  upon  the  auditor}'  nerve  produce  no  sound, 
but  ouly  when  the  terminal  organs  are  stimulated. 

The  Fanf;tmn  of  IJeari ng, -^^To  lie  eoahlctl  to  understand  the  use  of 
tbe  different  portions  of  this  complicated  ortjan  it  will  he  necessary  to 
refer  to  some  of  the  more  important  laws  governing  the  propagation  of 
sound,  Soiiudy  as  i)cfore  stated,  is  the  result  of  the  vihrations  of  elastic 
bodies,  M-ldch  rcsnlt  in  the  prodiietiou  of  alternate  condensation  and 
rarefaction  of  the  surrounding  medium.     As  a  consequence,  sound-waves 
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FlO.  407.— SCIFEHB  OP  THE   DlTCmyS  COCITLEARIS  AlTD  TUB  OrOAS  OF  CoRTl. 

{Lajidois.) 
Nte<H4i1«4r  nervt:  K  isBfr  and  P  aiittrbklr-««11i;  n^  nenrs-Abrilli  term'iailiiiK  In  T:  a,  a.  utippnrtiiig 
T^IU;  il.  «tlii  in  iht  anlodf  ii«imli»:  a,  iba*r  tod  of  €flrti ;  Mb.  Corti,  tnembrm*  of  €«)rtii,  or  C^l«  in«ai' 

are  producetl,  in  which  the  particles  vibrate  longitudiuaJly,  or  in  the 
direction  of  the  propagaticm  of  the  sound,  forming  so-called  waves  of 
con  den  sut  ion  and  rarefaction  ^  occurring  in  concentric  circles  around  the 
souncling  liody* 

Like  rnys  of  lights  sound-wave's  may  lie  reflected  when  they  impinge 
upon  an  opaijue  solid ,  and  the  same  rules  as  to  the  angle  of  incidence 
and  reflection  prevails.    It  is  this  throwing  back  of  sound  from  a  resisting 
mcxlium  tliat  constitutes  t!ie  echo. 
^  When  transmitted  through  the  atmosphere  these  waves  of  sound 

I  are  collected  by  the  auricle,  and  frora  the  auricle  they  are  transmitted 
r  through  the  external  auditory  meatus  to  the  memhrana  tympani,  whic!i 
I     is  thus  thrown  iato  vibration*     Thus,  they  are  communicated  to  the 
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ebain  of  bones  and  reaoli  the  membrane  of  the  fenestTa  oin^lis.    Tr 
that   point  they  are  commtinicutetl   to  tbe   perilymph,  thence  to  tl 
membranous   kbyrintU*  thence   to  the  endolymph,  and   finally  to  til 
otoliths,  wli it'll  serve   to   increase   the  vibratory  imj^res&ian   ii|mjii 
iierve  of  hearing.     This  tmnf^mission  of  sound  from  tbe  exterior  aod  tU 
Tecognition  in  the  centre  plainly  involves  important  cotibid«faliai»s  nitl? 
regard  to  the  pmpagation  of  sounds. 

Sounds  are  transmitted  in  three  waj  g :  first,  b}'  reciprocsUon ;  seeond^ 
by  sympathetic  vibration;  and,  third,  by  conduction.  As  regaiti*  ril»p- 
tions   by  reciprocation,  if  two   strings  of  equal   tension^  lengtU^  and 
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Fio,  -•«*.— 1.   Rcmo\-    TunoroH    tuk    ryeoii.ED    rnrRi.EA^     It.   8«mo7T 
Tnuoron  tuk  Tkkminal  Nervk-Api* aratlts  or  tuk  fVjc*iiLK,%,  a 


ntifWbnui*:  *■,  CoKi'i  Arch:  jf,  ffnpfNictfnf  oe!lc:  A,  «rlln4rialJ  <«:!■:  i,  Deit«if°»  tuir-c«l]a.  <; 
ttvlorU:  A,  Mrrtt-llbff«i;  mP.  win-iii«]iillAt«il  nanr^-iM*. 

density  be  stretched  f^ide  by  side  each  one  Ls  cajKihle  of  pro<!nein^  t)k»' 
same  musical  tone  when  thrown  into  vibration.  Now,  when  one  of  thvsr  . 
strings  is  thrown  Into  vibration  the  other  will  fall  into  ribmlion  Iq 
reciprocation,  although  it  Ik?  not  itself  tonchetl.  The  same  thtn^  wtl 
occur  when  the  same  mnsfcal  note  is  sonndeil  on  tinother  instrumi'nt,  al 
the  tuning-fork,  if  in  sullicient  proximity.  If  one  of  the  8trini;s 
stretched  tighter  than  the  other  a  higher  musical  note  will  lie  prcxliicod 
If  this  string  be  thrown  into  vibration  near  one  uf  lower  note  the  lattia 
will  be  divided  into  equal  divisions,  which  are  likewise  thrown  iutovihr 
:  tions  of  reciprocation,  and  increased  sound  will   result.     If^  howev^J 
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a  string  of  less  tension  be  thrown  into  vibration  near  one  of  bigber 
tension  tbere  will  Im  no  response,  for  no  membrane  or  string  can  recip* 
rociite  a  note  lower  than  its  own  fondiiraental  note,  liy  the  terra  fimdft- 
mental  note  we  mean  the  lowest  note  which  iiny  string  or  membrane  can 
produce.  If  a  liigher  note  be  sounded  alongside  of  a  string  of  low 
tension  the  latter,  as  before  stated,  will  divide  itself,  and  the  divisions 
will  Ik?  seim rated  by  points  of  rest,  called  nodal  jioints,  while  the 
intermediate  parts  of  the  string  in  vibmtion  are  termed  loops. 

These  remarks  are  true  not  onlj^  of  strings,  but  also  of  membraneB. 
If  some  sand  be  sjirinkled  on  a  membrane  stretched  across  a  drum-head, 
so  as  to  be  capable  of  a  musical  tone»  and  then  another  note  of  precisely 
the  same  pitch  1m3  struck  near  it,  the  sand  will  begin  to  dance  on  the  sur- 
face of  the  drum-head,  thrown  into  vibrations  of  reciprocation,  and  will 
accumulate  on  tlie  lines  of  rest — the  nodal  lines ;  i)ut  if  we  sound  near 
it  a  note  higher  tlian  that  of  the  membrafie  stretched  across  the  drum, 
then  the  membrane,  instead  of  vibrating  across  its  whole  surface,  will 
divide  itneW*,  and  the  sand  will  collect  in  dark  lines  on  the  nodal  points 
as  before.  If  we  sound  near  the  membrane  a  note  lower  than  its 
fundamental  note,  it  will  not  respond. 

A  column  of  air  may  be  thrown  into  vibrations  of  reciprocation  try 
sounding  a  note  in  proximity  to  it. 

Sounds  are  also  propagated  by  resonance.  If  an  instrnment  capable 
of  producing  a  musical  note  while  vibrating  be  placetl  in  contact  with  a 
medium  whowe  molecules  are  capable  of  being  thrown  into  vibration,  the 
second  suits  tan  ce  will  vibrate  and  increase  the  intensity  of  the  original 
sound,  even  if  the  medium  with  which  we  place  the  sonnding  instrument 
in  contact  is  not  itself  caimble  of  producing  musical  tones.  Thus,  when 
we  strike  a  tuning-fork  under  ordinar}'  circumstances  in  the  air  the  sound 
is  but  faintly  heard,  while  if  we  place  the  fork  in  contact  with  a  piece 
of  wood,  the  sound  is  greatly  increased  in  intensity.  The  woody  fibrea 
are  thrown  into  vibrations  which  reciprocate  the  original  sound. 

Sound  is  also  propagated  by  conduction,  and  this  occurs  wlien  any 
sonorous  body  during  its  vibrations  is  brought  in  contact  with  any 
medium  capable  of  being  throivn  into  vil>ration.  A  familiar  example  of 
this  is  IVfund  in  the  fact  that  while  the  tnnino^-fork  held  in  the  air  is  but 
indistinctly  heard,  if  placed  in  contact  with  the  bones  of  the  head  it  is 
heard  distinctly.  In  this  ease  the  sound  is  conducted  from  the  tuning- 
fork  to  the  nerve  of  hearing  through  the  Iwnes  of  the  head.  All  media 
do  mtt  conduct  sounds  with  the  same  degree  of  rapid ity.  Solids  conduct 
better  than  lluids,  fluids  better  than  gaaes^  while  in  a  vacuum  no  sound 
whatever  can  l>e  conducted. 

tund  may  be  appreciated,  it  is  evident  that  it  must  be  con- 
terminal fllaments  of  the  auditory  nerve  in  the  labyrinth, 


886 


PHYSIOLOGY  OP  THE  DOMESTIC  ANIMALS. 


and  the  first  process,  therefore,  to  be  considered  in  the  dtody 
function  of  hearing  is  the  means  by  which  sound-waves  reach  the  1 
rinth,  and  then  the  way  in  which  they  excite  the  nerve  of  bearing,    , 

It  has  been  seen  that  every  sonorous  body  is  in  a  stjite  of  vtbn 
and  that  it  transmits  these  vibrations  to  the  surrounding  atm«:)S|i^ 
resultiDg  In  waves  of  condensation  and  rarefaction  traveling  iti  radii  ^ 
the  locality  in  which  the  sonorous  body  is  located.  | 

It  has  been  further  stateil  that  sound-waves  may  be  conducted  tJta% 
any  elastic  medium,  but  in  the  appreciation  of  sound  by  the  ear  evidd 
the  greatest  imt>ortftncc  is  to  be  placed  on  the  conduction  of  ad 
waves  through  the  air,  since  the  conduction  of  sounds  tbrougb_ 
can  but  infrequently  be  of  any  importance.  It  has  b<?en  st 
sound-waves  can  be  conducted  through  the  bones  of  the 
althoiigh  this  mu^^t  Ije  exceptional  in  the  case  of  man,  3'et  in  fishes,  w^ 
no  external  ear,  auditory  canal,  or  ear-bones  are  pi*esent,  it  playi 
important  part.  So,  in  this  case,  the  sound-waves  of  the  wi 
directly  transferred  to  the  labyrinth. 

We  have  now  to  trace  the  path  of  the  sound-waves  from  ibes 
bod3%  through  the  external  ear  and  auditory  canal,  tbrough  the 
num  to  their  termination  in  the  labyrinth,  with  the  opemtic 
different  apparatuses  by  which  this  transfer  is  facilitated. 

The  external  ear  evidently  fulfills  the  part  of  an  ear-tmmpeti. 
the  great  improvement  in  hearing  produced  by  artificial  addition  ten 
auricle  serves  to  emphasize  this  point.  The  external  ear  is  evidentlj 
a  certain  amount  of  assistance  in  recognizing  the  direction  of  so| 
but,  as  is  well  known,  we  are  liable  in  this  respect  to  make  €rror«| 
judgment.  The  origin  of  sound-waves  is  determined  simply-  by  thc| 
that  the  sound  is  heard  most  distinctly  when  the  auditory  canal  is  in 
line  of  propagation  of  the  sound-waves,  and,  thereforct  i'*  ordell 
determine  the  direction  of  a  sound  we  turn  the  head  from  one  side  toj 
other  until  the  sound  appears  to  lie  the  loudest.  In  the  lower  anil^ 
this  is,  to  a  certain  extent,  facilitated  by  the  exceptional  degree  of  raobij 
possessed  by  the  auricle,  where  we  must  assume  that  the  recognitioi^ 
the  direction  of  a  sound  is  a  matter  of  greater  importance  and  acfl 
plished  with  a  greater  degree  of  facilit^^  and  perhaps  exactness. 

Having  reached  the  auricle,  sound-waves  enter  through  the  es 
auditory  canal  and  strike  against  the  tympanic  membrane.     It  hjial 
stated  that  if  a  tightly  stretched  membnine  be  set  into  vibration  it  j 
produce  a  sound,  the  lowest  note  licing  terraeil  the  fundamenia 
and,  further,  that  if  a  sound  which  corresponds  with  the  fund 
tone  of  such  a  membrane  be  sounded  in  its  proximity  the  membr 
be  set  in  vibration  by  sympathy.     It  is  evident,  if  such  a  fact  w« 
pbcable  to  the  tympanic  membrane,  the  greatest  cod  fusion  wou 
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in  the  perception  of  soundg.  Sounds  T^hich  eoinckle  with  the  funda- 
mental tone  of  the  tympanic  meinbmne  would  so  predominate  as  to 
drown  or  confuae  uH  other  sounds.  The  tympanic  memljnine,  however, 
is  free  from  this  disadvantage,  wiiile  it  possesses  in  the  highest  degree 
the  power  of  being  set  in  motion  by  an  immense  range  of  vibrations. 
Til  us,  sounds  may  be  recognized  that  are  dependent  upon  thirty-two 
vibrations  a  second  up  to  such  an  extremely  high  pitch  as  sounds  with 
thirty-eight  tbousand  vibrations  a  second  will  produce.  Tbis  property 
of  the  tympanic  membrane  by  which  it  appreciates  snch  a  wide  range  of 
sounds,  while  Iwing  free  from  any  fundamental  tone  itself,  is  due  to  two 
factors — in  tbe  first  place,  the  fnnncl-sbaped  form  of  tlie  menibraue^  and, 
in  tbe  second  place,  its  being  damped  by  the  chain  of  ear-ossicles.  If  a 
sheet  of  india-rubl>er  be  stretched  over  a  wide  tube  and  l>e  pressed  by  a 
rod  in  the  centre  perpendicularly  iiuviird  it  will  (brm  a  funncl-sluiped 
surface  curved  from  within  outward.  It  is  evident  that  lu  such  a  mem- 
brane tlte  tension  w  ill  vary  at  diifcrent  parts,  increasing  toward  tlie  cen- 
tre. Such  a  membrane,  like  the  tympanic  membrane,  will  have  no  fnnda- 
jneotal  tone,  since  its  tension  is  not  equtd,  while  the  tympanic  membrane 
will  also  have  in  principle  the  same  form,  since  it  radiates  from  the  cen- 
tre, within  outward,  in  a  convex  form.  The  tympanic  membrane,  there- 
fore, is  not  very  extensible,  but  its  tension  is  just  sufllcient  to  draw  it 
slightly  inward  from  the  centre  without  it  being  able  to  produce  any 
audible  fundamental  tone. 

On  the  other  hand,  great  resistance  is  offered  to  the  vibrations  of  the 
tympanic  membrane  hy  its  uuion  with  the  auditory  ossicles,  which  not 
only  deprive  the  membrane  of  every  trace  of  a  fuudamental  tone,  so  that 
it  can  accommodate  itself  equally  well  to  vibrations  of  every  degree  of 
rapid  it}',  but  by  loading  the  membrane  entirely  prevent  the  occurrence 
of  after-vibrations;  so  that,  therefore,  in  this  respect  the  ear-bones  act 
like  tlie  dampers  of  the  pianoforte,  which  fall  upon  the  wire  aller  every 
note  has  lx*en  struck. 

Another  point  is  worthy  of  attention  in  this  connection.  Since  the 
tympanic  menilimue  possesses  the  shape  of  a  funnel,  the  point  of  greatest 
vibration  must  be  situated  somewhere  between  the  ajiex  and  the  edge,  but 
the  force  of  all  vibrations  passes  from  the  sides  toward  the  centre  and  at 
tliis  point  vibrations  of  the  greatest  intensit}'  are  producetl.  Moreover,  tbe 
tension  of  the  tympanic  membrane  may  be  altered  by  muscular  action  in 
a  way  to  be  directly  described.  Tlie  tyn^pf^nic  membrane  is  in  direct 
contact  with  the  chain  of  ear-bones,  and  this  serves  to  transfer  the  vibra- 
tions of  the  tympanic  membrane  to  the  perilymph  of  the  labyrinth,  and, 
1  i kc w i se ,  by  their  points  of  att a c h men t  to  d i ffe re n t  m u sc le s ,  s e r vc  t o  va ry 
the  tension  of  the  menibrana  tympani  and  at  the  same  time  the  pressure 
on  the  lymph  of  the  labyrinth* 


PETSIOLOGT  OF  THE  DOMESTIC  AXIMALS- 

The  oar-oBstclea  form  a  jointed  cbain  of  honm  connecting 
bnme  with  the  otjiI  window.  As  ia  well  known,  solUU  are  C2i|iabii 
condiKitiiig  sound'WttVija  by  being  thix)wn  into  rooleciilar  vtbrntioii) 
the  nipiility  of  nuch  conduction  is  greater  on  aeeouut  of  tli^  gn 
^la^tit'ity  and  dt^nsity  than  in  the  atmosphere.  From  the  very  fa4 
the  greater  nipidity  of  tlie  condnetion  through  soiids  tlie  wii%'c  t« 
will  b€3  longer,  imt  the  eonductton  of  sound  through  the  ear-o«siel< 
entirely  diMi net  from  sueb  iDolecuhir  vibnvtions.  In  the  tninsmis 
of  sound-wavefi  from  the  tympanic  metuhnme  to  the  labyrinth  tbefi 
of  bonet  vibmtes  m  n  whole.  Tlie  avemge  wave  length  of  uid 
tcmeB  iu  the  esir  varies  friim  oiie4mlf  to  onis  meter .  while  in  solid  U 
it  Is  still  grcrtt^?!',  Tiie  ear-bones  are  by  no  menn:^  imnioviihly  U 
From  tiieir  smftU  mm&  they  ai-^  extremely  light,  so  that  an  impulse  i« 
on  one  end  will  set  the  whole  chain  of  bon^s  in  motion.  ConMqoa 
when  waves  of  sound  strike  against  the  tympanic  meiubmne  the  Tl 
tions  are  transmitted  directly  to  the  ear-bones,  and  tliey  vibnite  i 
tr^uAverse  direction  and  carry  the  vibrations  to  tb©  oval  wiiid4>if 
vihrj^ting  in  mass  and  not  tli rough  moleetilar  vibration, 

Tlie  motle  of  movement  of  the  ear-ossicles  has  been  n  snhjed 
conside ruble  study*  As  is  knownn,  the  handle  of  tlie  mallens  is  attue 
to  tlie  tynipanlc  membmne  through  its  entire  length,  while  its  hejid] 
ji»<^ts  alK>ve  the  edge  of  the  membrane  into  the  tympanic  cavity*  Boil 
this,  the  malleus  is  fixed  by  ligaments  in  such  a  way  tlmt  motion  hi 
|v>«iS5th|f*  in  n  tri-fimUfro  vibnitton  nrrmiKl  lb**  no-c-nlled  axisi  of  vfyUi 
which  lies  in  a  plane  almost  parallel  to  the  tympanic  niembrane  an<l  pv 
through  the  neck  of  the  nuilleus.  When  the  handle  of  tlie  malleii; 
dniwn  inward  its  head  will,  of  course,  move  in  the  opi)osite  direction. 
as  the  l»andle  of  the  hammer  is  set  in  vibration  the  anvil  will  also  l>e 
in  motion  through  its  articulation  with  the  head  of  the  hammer, 
incus  is  only  loosely  connected  b}'  a  ligament  passing  through  its  si 
l)rocess  to  the  jX)sterior  wall  of  the  tympanic  cavity  in  front  of  theo| 
ings  of  the  mastoid  cells,  while  its  mode  of  articulation  with  the  nwll 
has  been  compared  by  Hclmholtz  to  the  action  of  cog-wheels;  so  1 
when  the  handle  of  the  malleus  moves  inward  to  the  tymymnic  cavity 
incus  and  its  long  process,  which  is  parallel  with  the  handle  of  the  mall 
also  passes  inward,  from  the  fact  that  the  head  of  the  malleus  pulls 
articulating  surface  of  the  incus  outward.  Therefore,  the  handle  of 
malleus  and  the  long  process  of  the  incus  vibrate  in  the  same  direct 
As  the  long  process  of  the  incus  moves  inward  it  gives  an  impn»ssioi 
the  stirrup-bone,  with  which  it  articulates  almost  at  right  angles, 
however,  as  by  a  great  condensation  of  air  in  the  tympanum,  the  t 
panic  membrane  is  moved  outward  it,  of  course,  draws  the  handle  of 
malleus  with  it,  and,  as  a  consequence,  the  hammer-head  is  forced  iuw; 
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and  the  tendency  would  be  to  drag  the  stapes  from  the  oval  window. 
This  is,  however,  prevented  by  the  loose  articulation  of  the  malleus  and 
incus,  which  separate  to  a  certain  extent  and  thus  prevent  dmgging  on 
the  stapes  (Fig.  409). 

Hence,  the  system  of  ear-ossicles  forms  an  angular  lever,  which 
moves  around  a  common  axis  in  a  plane  vertical  to  the  plane  of  the 
membrana  tympani,  one  arm  of  the  lever  on  which  the  power  of  the 
Tibrations  act  being  the  hammer-handle,  the  other,  the  hammer-head  with 


FlO.  409.~MOVKMENT8  OT  THE  MAI.LEI7S  AlTD  IlTCUS.     {Beaunit.) 

M.  nalleai;  E,  ineui;  A,  ihort  proeen  of  tb«  Iboim:  R.  long  proo«M  of  the  inonj;  P.  luuidlo  of  th« 
malleat ;  A  B,  axU  of  inoT«ni«nt  or  the  oaueloa. 

the  handle,  serving  to  set  the  entire  fluid  of  the  lab3Tinth  into  vibration. 
The  vibrations  of  the  ear-ossicles  are,  therefore,  transverse,  although  not 
analogous  to  the  transverse  vibrations  occurring  in  a  stretched  cord, 
since  the  ear-ossicles  do  not  vibrate  on  account  of  their  elasticity,  but 
ireserable  a  system  of  movable  levers.  As  the  long  process  of  the  incus 
is  onl}'  one-third  the  length  of  the  handle  of  the  malleus,  of  course  the 
excursions  of  the  former,  and  with  it  the  stapes,  will  be  less  than  that  of 
the  tip  of  the  malleus,  while,  on  the  other  hand,  the  force  of  the  vibration 
in  the  former  will  be  increased;  so  that  the  stapes  is  forced  inward  by 
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A  more  liowei'M  but  less  extensive  vibration.     So  much  for  the  mod< 
conduction  of  Botnid  through  the  oSRicles, 

By  contmction  of  the  iDUBciilar  fibres  in  conneetioti  with  the  i 
cssicies  the  position  and  tension  of  the  tympa'nic  membrane ,  as  wdl 
the  pressure  on  the  lymph  of  the  Inbyrinth^  may  be  altered*  1 
mnseles  are  found  in  connection  with  the  ear-ossieles,  the  tensor  tym| 
and  tlie  stapediiLS  muscle.  The  t^n«or  tympani  lies  in  the  o*^© 
groove  above  the  Eustachian  tuljc,  and  has  its  tendon  inserted  into 
iniiUeua  hnmediately  above  the  axis.  When  this  muscle  eoatrnels 
liandic  of  the  mallaus  is  pulled  inward  and  the  tvinpanie  membe 
tightf*nf!d.  As  a  consequence,  the  sta|)ed  Is  likewise  pressed  inwj 
On  tile  other  hand^  when  this  muscle  relaxes  the  elasticity  of  the  £U 
li*|Amcnt  and  of  the  tympauie  membrane  itself  causes  the  membrane 
ai^ain  a^HKnie  its  condition  of  equilibrium.  By  the  increased  tensitin 
the  tympanic  membrane  a  greater  resistance  is  otfered  to  the  sytnpathi 
vibrntlouft  whiMi  the  sound-waves  are  very  intense,  since  it  has  lieenfot 
that  stretched  membranes  are  less  susceptible  to  sympathetic  vibralii 
ttian  ard  rdnxed  membranes  ;  and  increase  of  the  tension  of  the  tyinpi 
mtmibraur  by  CDntraction  of  this  muscle,  therefore,  server  to  protect 
anditory  apparatus  by  preventing  intense  vibrations  reaching  the  ne 
tcrmiuaUrins^ 

'Hie  stapedius  muscle  arises  within  the  pyramidal  eminence,  and 
Inseited  into  the  head  of  the  stapes.  When  it  contracts  it  draws  «| 
the  head  of  the  stapes  and  causes  the  bone  to  assume  an  oblique  positi 
the  posterior  end  of  the  plate  being  pressed  deeply  inward  into  i 
fenestra  ovalis,  while  tlie  anterior  edge  of  the  plate  is  displaced  ontwa 
The  stapes  is  thus  firmh'  fixed  and  the  annular  ligament  surroundi 
the  fenestra  ovalis  becomes  more  tense.  The  function  of  this  muscle 
likewise  directed  to  preventing  the  communication  of  too  intense 
impulse  Ironi  the  incus  to  the  stapes.  The  stapedius  muscle  is  suppli 
by  the  facial  nerve  and  the  tensor  tympani  b^^  a  branch  of  the  trigemic 
which  passes  from  the  otic  ganglion. 

The  chain  of  bones  lies  within  the  tympanic  cavity,  and  it 
evident  that  the  vibration  of  the  tj'mpanic  membrane  will  greatly  v:i 
according  as  the  air  in  the  tympanic  cavity  is  in  a  greater  or  less  ilegi 
of  condensation.  If  this  space  were  entirely  shut  off  from  the  atra 
phere  the  air  in  it  would  evidently  soon  be  absorbed,  or,  at  any  ni 
undergo  change  in  its  composition,  and  probably  be  replaced  by  fli 
secretions,  since  we  know  that  the  middle  ear  is  lined  by  a  seoreti 
mucous  membrane.  By  means  of  the  Eustachian  tube  the  ventilati 
of  the  middle  car  is  rendered  possible.  Through  it  secretions  are  ct 
ducted  out,  and  by  it  the  equilibrium  of  pressure  between  the  air  in  t 
tympanum  and  the  atmosphere  is  rendered  possible.     As  soon  as  t 
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pressure  of  the  atmoapliero  is  greater  tlmn  that  witliin  the  tyDipantim 
the  membrane  of  tlie  tynipamim  would  be  pressed  inward.  On  the 
other  hand,  if  the  pressure  within  the  tympanum  be  greater  than  thtu  of 
the  atmosphere  the  membrane  wouhl  be  pjewsed  outward^  and  in  both 
cases  the  movements  of  the  tympanie  membrane  wouhl  be  restricted  and 
sound  to  such  an  extent  interfered  with.  The  equilibrium  is  maintained 
througli  the  opening  of  the  Eustachian  tube  in  the  act  of  swallowing, — 
an  act  which  is  performed  not  only  during  eating,  but  also  at  tVequent 
intervals  to  carry  away  the  secreted  saliva.  At  other  titties  tlie  Eusta- 
chian tube  is  closed,  and  b>'  this  means  the  conduction  of  sonnd-wavea 
downward  into  the  pharynx  or  the  conduction  upward  of  sound-waves 
from  the  voice  is  rendered  impossible. 

The  sound  waves  arc  thus  conducted  from  the  tympanic  membrane 
to  the  chsnn  of  ossicles,  and  t  lie  nee  by  the  vibration  of  tlic  stapes  to  the 
oval  window.  The  membrane  of  the  fenestra  oralis  is,  as  a  consequence, 
set  into  trjins verse  vibration,  and  the^e  vibrntions  are  directly  communi- 
cated to  the  tbnd  of  the  hibyriuth,  Tlie  lymph,  like  other  fluids,  is  incom- 
pressible, and  if,  therefore,  the  membrane  of  the  oval  window^  be  pressed 
inward  there  must  be  a  corresponding  exit  at  some  other  point  of  the 
apparatus.  This  counter-opening  is  found  in  the  round  window,  and  as 
soon,  therefore,  as  the  stapes  vibrates  inward  the  membrfine  of  the  circu- 
lar window^  vibrates  outward,  and  tiie  pressure  upon  the  tluid  of  the 
labyrinth  is  thus  relieved  while  being  set  into  vibrations  corresponding 
with  those  of  the  stapes. 

From  the  oval  window  the  wave  travels  into  the  vestibule  and  from 
there  into  the  cochlea,  and  we  must  assume  that  it  there  throws  the 
membranous  apparatus  with  its  organ  of  Corti  into  vibnition.  The  ves- 
tilade  is,  however,  divided  by  tlie  two  membranouB  sacs  wliich  it  contains 
into  two  portions,  each  containing  fluid,  the  one  in  connection  with  the 
oval  window*  and  the  other  with  the  round  window ;  so  that,  therefore, 
we  cannot  imagine  that  the  thiid  in  the  vestibule  is  directly  driven  by 
the  vibrations  of  tlie  stirrup-bone  to  the  round  window,  for  the  scala 
vestibuli  of  the  coc!ilea^  which  is  in  connection  with  the  oval  window, 
is  shut  off  from  the  scala  ti'mpani  by  the  membrane,  and  any  wave,  there- 
fore^ started  by  the  vibrations  of  the  stapes  will  pass  rapidly  up  the 
scala  vestibuli,  while  it  will  also  transfer  its  vibrations  to  the  membran- 
ous partition  and  thus  throw  the  fluid  of  the  scala  tympani  likewise  into 
vibration. 

In  the  cochlea  the  vibrations  of  the  perilymph  throw  into  vibration 
the  fibres  of  the  basilar  membrane  and  the  organ  of  Corti,  consisting  of 
the  rods  and  the  inner  and  outer  hair-cells,  which  ma\^  be  regarded  as  a 
series  of  stretched  strings,  a  portion  of  which  may  be  thrown  into  sym- 
pathetic vibration  independently  of  the  whole* 


The  vibrations  commuuicatetl  to  these  structures  in  Rom«  way  | 
rise  to  nervouii  impulses  ptLssing  into  the  termiixal  filauienU  of 
auditory  nerve.  As  to  the  y^uy  in  which  this  is  aecoxQplisbed  but  I 
k  known.  The  temptation  U  strong  to  fiiui  the  receiving  apimn 
in  the  orj^im  of  Corti,  which  is  composed  of  a  long  seri^?*  of  i 
Taryiiig  regnStttly  in  length  and  in  the  span  of  their  arches, 
analogy  lictwecn  these  struetarea  and,  for  eKainple,  the  st rings  of 
piano  is  very  striking.  As  is  well  knoim^  a  mnsicsl  tone  soua 
in  tvont  of  an  open  piano  will  set  into  vihratlon  the  correspont 
Btrtng  of  this  instrument.  The  temptation  is  ahnost  inesistthi* 
suppose  that  a  similar  mechanism  is  concerned  in  the  perception 
dilferent  sounds.  If  we  could  imagine  tliat  certain  dctnite  p 
of  the  organ  of  Corti  were  thrown  into  vibnition  only  by  appr« 
ate  siounxb  the  conipies  process  of  the  perceptioti  of  dilfenint  mm 
intervals  would  be  greatly  simplified,  but  tbe  more  the  suhj^e 
examined  into  the  greater  ai'c  the  ditfioultiea  surrounding  suebt 
explanation. 

In  the  first  j)laeer^  the  terminal  filaments  of  the  auditory  nerrel 
lieeu  traced  to  the  inner  and  outer  hair  cells,  and  it  must»  thereforu,  I 
ililii  loHiUty  and  not  in  the  rotU  of  Corti  that  the  sensory  impfl 
eommeuce, 

Iti  the  second  [ilace,  the  rods  of  Corti  are  entire!^-  absent  in  111 
who.  without  doubt,  are  capable  of  appreciating  musical  sounds;  wl 
a^nin,  tlie  variation  in  length  of  the  rods  of  Corti  would  be  insuffieicii 
exphiiu  the  great  scope  which  tlie  ear  possesses  in  tlie  recognition  of 
pitch  of  sounds. 

On    the   other   hand,   the   basilar   membrane    is  tense   in   a  n 
direction  and  loose  longitudinally,   and,   therefore,    as    HelmholU 
suggested,  may  be  compared  to  a  series  of  strings  of  varying  ten: 
and  length. 

If  this  basilar  membrane  he  looked  upon  as  the  receptive  orgar 
must  then  assume  that  each  vibration  travels  up  the  scala  tynip 
throws  into  sympathetic  vibration  a  small  part  of  the  basilar  membr 
which  tninslers  the  vibration  to  the  sensory  structures  above  it. 

In  support  of  this  view  it  ma}'  be  mentioned  that  the  radial  din 
sions  of  the  basilar  membrane  offer  a  wider  field  of  difference  t 
we  fiud  iu  the  length  of  Corti's  rods.  The  whole  subject  is,  howevei 
the  highest  degree  obscure,  and  all  that  we  can  say  is  that  the  orgai 
Corti,  composed  of  the  basilar  membrane,  the  rods,  and  hair-cells,  i 
some  way  concerned  in  the  reception  of  sound-waves  ;  the  mannei 
however,  entirel}*  unknown.  After  all,  it  must  not  l)e  forgotten  that 
perception  of  sound  takes  place  not  in  the  ear  but  in  the  brain,  ami  1 
sound-waves,  received  in  whatever  wa}  by  the  terminal  filaments  of 
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auditor}'  nerve^  mnst  be  conducted  to  the  brain  to  be  recognized  as 
sonnds^  and  thai  the  analysis  of  sound*?  take  place  not  in  the  car, 
although,  perhaps,  we  may  have  there  a  s^wcial  organ  set  aside  for  the 
observation  of  certain  sounds,  but  in  the  brain. 

rD*  THE  SE^^SE  OF  TASTE. 
\^  The  sense  of  taste  is  generally  described  as  the  faculty  by  which 
the  flavor??  of  dilferent  sapid  eubfttanees  is  (listinguished.  It  will  b« 
sliown  directly  that  the  senne  of  taste  is  much  more  limited  than  this,  as 
many  substances  which  are  said  to  be  appreciated  throngh  tlie  sense  of 
taste  are  onlv  effective  througli  exciting  the  sense  of  smelL  The  sense 
of  tiiste  even  in  this  restricted  sense  is  more  highly  developed  in  man 
than  in  other  animab,  for  it  is  not  the  sense  of  taste  but  the  sense  of 
smell  which  guides  animals  in  their  choice  of  food,  for  that  choice 
precedes  the  prehension  of  food. 

Even  in  man  and  tlie  higher  mammals  there  is  a  considerable 
di  tie  ret  ice  of  opinion  as  to  what  regions  of  the  mouth  are  en  downed  with 
the  sense  of  taste,  and  this  dittk-ulty  of  location  l>ecome8  even  more 
marked  as  we  descend  the  animal  series.  In  animals  where  a  tongue  is 
jiresent  it  is  proljabie  that  that  organ  partakes,  with  the  upper  part  of 
the  digestive  tract,  in  the  property  of  presiding  over  the  sensation  of 
taste,  bnt  in  many  animals  the  tongue  is  aliscnt  or  is  so  horny  as  to  pre- 
clude this  possibility.  In  invertebrates,  where  no  analogue  of  a  tongue 
exists,  if  the  sense  of  taste  is  present,  as  it  would  seem  without  doubt 
to  be,  as  in  insects,  its  seat  must  \ie  in  the  parts  aliont  the  nnjnth,  snch 
fts  the  proboscis,  suckers,  etc.  In  fishes  the  tongue  is  rudimentary  and 
in  many  it  is  covered  with  horny  scales  or  even  rudimentary  teeth,  and  if 
the  sense  of  taste  is  present  in  this  gronp  of  animals  it  is  either 
confmed  to  the  upper  part  of  the  digestive  passages  or  perhaps  to  the 
olfactory  cavities. 

In  reptiles  a  thick,  fleshy  tongue  is  often  present,  bnt  it  is  more  fre- 
quently ^lender,  sometimes  bifid  ami  protractih%  and  is  to  Ije  regarded, 
as  alreatlv  indicated,  as  an  organ  for  the  [>rehension  of  food. 

In  birds  the  sense  of  taste  must  be  very  obtuse,  since  they  swallow 
their  food  without  comminution,  and  the  tongue  is  usually  hard  or  semi* 
cartilaginons,  especially  at  tlie  point.  This  particularly  obtains  in  Iier- 
bivorous  birds,  while  in  birds  of  prey,  where  the  tongue  Lb  fleshy,  it  may 
perhaps  be  supposed  that  the  sense  of  taste  is  present. 

In  mammals  the  sense  of  taste  may,  to  a  certain  extent,  be  definitely 

localized  in   the  tongue,  and   special  sense  organs  have  lieen  detected 

hich  apparently  preside  over  this  function.     The  so-called  taete  bnlbs 

nre  found  on  the  lateral  surface  of  the  circum vallate  papillte  aud   upon 

the  external  side  of  the  depression  which  eurrounds  the  central  eminence 
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(Fig.  410),  They  are  also  found  to  a  less  extent  on  tbe  fung^iform  pdpUlt, 
the  papillcB  of  the  soft  palate  and  uvula,  and  even  on  the  posterior  siirftee 
of  the  epiglottis  and  on  the  inner  side  of  tbe  arytenoid  cartila^es^and  oa 
the  vocal  eonls.  These  hitter  localities  would  i^ecm  to  throw  doubt  tii»oii 
the  connection  between  these  structures  and  their  connection  with  tbe 
sense  of  taste,  but  the  fact  that  after  section  of  the  glosso-pharyngcal 
nerve  these  taste  bulbs  degenerate,  and  that  direct  communication  can 
be  traced  hctwecn  this  nerve  and  these  cells,  would  seem  to  place  their 
position  as  the  terminal  organs  of  the  special  nerve  of  taste  beyond  doubt. 
These  taste  bulbs  arc  barrel-shaped  and  consist  of  series  of  tiiicleated 
external,  almost  cylindrical  protecting  cells,  arranged  so  as  to  leave  an 
opening, — tbe  so-called  gustatory  pore.  Lying  in  tbe  axis  of  such  n 
structure  are  found  from  one  to  ten  gustatoiy  cellSi  some  provided  with 


Fio.  410,— BTBtJcmiiE  OF  the  GirsTATOBT  Oboax«.    (LamloU) 

1.  Tnniv«rw  foctkon  nf  n  HiramvAllAtfl  MpiDt:  W,  the  TtApllU:  t,  t,  the  wtk\]  in  ttfiJiffH.  It  B»  Ittt 
eirettUr  njit  of  ft^att ;  K.  K.  the  iMtfl  hu9b«  in  pn^iriou :  N,  N.  th*  nerT««.  IL  l«(ilBt«4  U«<M  baiter  0, 
tuppiininir  '>r  prrK«<7tiv«  colli:  K.  under  titd :  £,  firee  eotl,  0|ieiL,  with  %b9  pn:||««ti«g  %^em  «r  ll*lMM 

delicate  processes  at  their  free  extremities,  while  their  lower*  fixed  ends 
become  continuous  with  the  non-meduUated  terminations  of  the  ner\*e  of 
taste  (Fig^.  Ill,  412,  and  413)> 

The  tongue  of  nuimmuls  in  its  general  characteristics  resembles  that 
of  man,  and  similar  papilhe  are  found  on  it.  In  the  different  domestic 
animals,  especially  in  the  hcrbivom,  the  sense  of  taste  must  differ  from 
that  in  the  cartiivora,  although  we  have  every  day  evidences  of  its  exist- 
ence, and  we  know  that  in  the  herbivora  likewise  decided  preference  for 
different  substances  are  manifest,  wliich  evident!}"  must  l>e  dependent  upon 
differing  dt*grees  of  excitation  of  the  sense  of  taste,  although  the  expla* 
nation  uf  that  fact  is  yet  entirely  beyond  us.  Thus,  as  to  why  a  horse 
should  prefer  oats  to  hay,  or  the  latter  to  straw,  must  evidently  bo  es*fl 
plained  by  some  difference  in  impression  of  the  substances  on  the  nerre 
of  taste  and  not  a  mere  matter  of  iastincL 
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Only  four  difTerent  Tarieties  of  taste  can  be  distinguiBbed.  Sub- 
stances mtxy  he  either  bitter,  sweet,  acid,  or  saline,  iSubstances  to 
wbich  we  attribute  the  property  of  llavor  owe  that  cimraeteristic  more 
to  their  implication  of  the  sense  of  smell  than  of  taste,  Thus^  we  speak 
of  tasting  wines,  onions,  asftfa?tida,  and  so  on,  while,  as  is  well  known, 
their  flavor  is  due  to  the  excitement  of  the  sense  of  smell,  and  not  to  a 
Bpeeific  stimulation  of  tlie  nerve  of  taste ;  tins  may  be  readily  proven  \iy 
the  ilisappearance  of  their  characteristic  flavors  when  ftmeU,  by  closure 
of  the  nostrils  or  by  catarrh,  is  rendered  impossible. 

That  substances  may  be  tasted  it  is  necessary,  in  the  first  place. 


J  V 


FiQ.  4IL— Strfctttre  op  thk  OrsTAToitY  OnoAXf*.    {Munk.) 

A,  perpesdicnlar  Mctioa  tbrough  the  tait«  tirfsitii  of  t  rabbiti  lonfuc;  /»  fauto  fartvwt^    B,  Isoiiled 
p«btwtlv«  (a)  Mi4  ib  c)  tuto  mUj. 


that  they  sbonld  be  dissolved  in  the  fluids  of  the  month,  while  the 
intensily  of  the  sensation  will  depend  upon  the  size  of  the  surface  acted 
upon  and  npon  the  concentration  of  the  solution.  It  has  Ijeen  found 
that  the  njllowin^^  series  of  substances  cease  to  be  distinguished  in  the 
order  here  stated,  as  they  are  gradually  diluted :  syrupi  su^ar,  common 
salt,  aloes,  quinine,  and  sulphuric  acid-  Thus,  quinine  may  be  diluted 
twenty  times  more  than  salt  and  still  be  distinguished. 

The  time  elapsing  between  the  contact  of  the  substance  with  the 
tongue  nnd  its  appreciation  by  the  taste  also  varies  with  different 
Bubstanees.  Saline  substances  are  tasted  most  mpidly,  perhaps,  from 
tUeir  more  rapid  dilTusion. 
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The  gah^anic  current  i»  likewise  capable  of  prodacing  the  scn^tion] 
of  taste,  which  varies  according  to  the  direction  of  the  current-  Tli(i%) 
a  bitter  metallic  taste  is  tlevelopcd  when  the  ttnode,  and  an  acid  tuite] 
^heu  the  cathode^  is  placed  on  the  tongue.  In  this  infttaiice  it 
donbtftd  whether  the  sensation  of  taste  is  due  to  a  direct  stimulation  of] 
the  taste  bulbs  or  to  electrolytic  changes  occurring  through  ttie  action  I 
of  the  galvanic  current. 

AH  the  localities  in  which  the  taste  bulbs  have  been  'T  ] 

probably  possessed  of  the  sense  of  taste,  although   certain  ^, 

the  entrance  to  the  larynx  and  the  hard  palate,  do  not  admit  of  expeii-] 
nientat  demonstration  as  regards  this  point.    Witliout  doubt  the  root  of 
ttie  tongue  and  its  tip  luul  margins  are  gustatory,  wliile  it  is  probaLle 
that  tlie  under  surface  of  the  tongue  possessed  no  {)Ower  of  taste. 

The  nerves  which  preside  over  the  sense  of  taste  are  certain  fibres  j 
of  the  lingusl  and   the  gloHso-plmryngeal.     After  the  lingual  nerve  k  ] 
dividtnl  the  sense  of  taste  diKii(»p€ars  from  the  tip  of  the  tongne.     WJiefl 
the  glosso-pharyngeal  is  divided  the  sense  of  tante  is  lost  in  tbi*  po&U 


Pio.  412L— Taste  Ft^rrow  in  Maykh's 


FiOt  llX— Section  of  MatkrHi  Dnojui  m 


part  of  the  dorsum  of  the  tongue.  Contrary  to  our  experience  with 
other  nerves  of  special  sense,  stimulation  of  the  trunks  of  thet*e  n( 
does  not  give  rise  to  the  sense  of  taste ,  probably  owing  to  the  fact  th*l 
botli  of  these  nerves  are  mixed  nerve«,  and  contain  other  alTerent  fihr» 
us  well  as  those  of  the  sense  of  taste. 

Certain  substances  seem  to  possess  the  power  of  antagonizing  the 
impressions  which  others  ordinarily  make  on  the  terminal  filaments  of 
the  nerves  of  taste ;  thus  the  taste  of  bitter  and  sour  substances  may  to 
a  certain  extent  be  corrected  by  the  admixture  of  sugar ^  even  without 
any  chemical  change  occurring  in  the  mixture.  Such  a  result  is  only  ^ 
be  explained  as  some  kind  of  interference  of  the  sensations;  on  the  othtf 
liand,  substances  having  a  sweet  taste  do  not  possess  the  power  of  motli- 
lying  saline  tastes. 

Any  explanation  as  to  why  certain  substances  possess  one  pecnfiar 
taste  and  others  another  is  in  our  present  state  of  knowledge  impKiasibl^ 
with  the  single  exception  of  the  characteristic  taste  of  acids  and  alkalies 
where  we  find  the  characteristic  taste  associated  with  ccrtftin  definiM? 
chemical  characteristics* 


EEKSE  OF  TOUCH. 


897 


The  aeoteness  of  tUe  sense  of  taste  admits  of  education,  but  is  by  no 
means  as  delicate  as  the  sense  of  smell ;  thus,  a  solution  of  one  part  of 
sulphuric  acid  to  one  thout^and  of  water  gives  its  characteristic  taste 
when  ouly  one  drop,  which  may  be  said  to  contain  about  50*55  part  of  a 
gramme,  is  placed  ui>on  the  tongue. 

E.    THE  SENSE  OF  TOUCH, 

When  nnj'  portion  of  the  external  intet^ument  is  brought  in  contact 
with  a  foreign  ix>dy  we  appreciate  what  is  termed  the  sensation  of  touch, 
and  we  are,  therefore,  warrauted  in  regarding  the  skin  as  a  sensory  organ, 
inclosing  our  entire  Inidy  and  adiipteil  to  remler  every  t>art  of  tlie  IkkIv 
sensible  to  external  ini|n"essions.  These  may  l>e  of  the  most  manifold 
ktnd^  and  excite  peculiar  sensntions  dependent  uixju  the  nature  of  the 
contact.  To  a  limited  extent  this  power  of  tactile  sensiliility  possessed 
by  the  tntegunient  K^hjngs  likewise  to  the  internal  mncous  surliices  of 
the  hfKly,  I  Hit  only  for  a  short  distance  from  their  respective  orifices. 

Tactile  sensations,  as  we  shall  find  directly,  vary  among  themselves, 
and  give  us  nic»ans  of  determining  tlie  pliysieal  characters  of  the  body 
producing  the  eontJict  and  the  locality  at  which  the  contact  takes 
place.  Wlien  such  a  tactile  sensation  is  increasctl  in  intensity  it  may  be 
convertetl  into  a  painful  sensation.  If,  lor  example,  as  in  the  ilhistm- 
tion  given  by  Welw?r,  the  edge  of  a  kntfe  is  placed  on  the  skin  we  feel 
the  vdgn  by  means  of  the  sense  of  toucli,  a  senwntion  is  perceived  which 
is  referred  to  the  object  which  has  causcil  it.  If,  however,  the  skin  is 
cut  by  the  knife  jmin  is  felt,  a  feeling  whicli  is  no  longer  referred  to  the 
cutting  knife,  but  which  we  feel  within  ourselves,  and  which  indicates  to 
us  the  fact  of  a  change  of  condition  in  our  own  body.  By  the  sensation 
of  [>ain  we  are  neither  able  to  recognize  the  object  which  causes  it  nor  its 
imlure,  Tims,  if  a  Ijody  is  placed  within  the  njcuUh  we  are  able  to 
recognize  its  general  cliaracters  and  to  a  certain  extent  its  shape, 
whether  it  Ije  solid  or  liquid,  hot  or  cold;  but  if  the  l)ody  be  swallowed 
tactiU*  sensation  distippears  as  soon  as  the  IkkIv  reaches  the  cesoplmgus, 
and  then,  if  any  sensation  Ije  excite<l,  it  can  only  W  a  |»ainfnl  sensation. 
The  sensation  caused  by  a  too  hot  liquid  cannot  be  distinguished  from  a 
corroding  acid  lif[ui<l,  or  from  the  passage  of  an  irregular  hard  body 
through  the  ojsophagus. 

The  sense  of  touch  is  the  simplest  and  is  the  only  universal  sense, 
nnd  exists  in  all  memlK^rs  of  tlie  animal  kingdom.  In  the  articulata, 
whether  covered  b}^  horny  (insects)  or  by  calciiremis  (crustaceans)  cover- 
ings, the  sensation  of  touch  is  possessed  by  all  parts  of  the  body  m 
common,  while  it  is  especially  developed  in  the  antennae  which  project 
from  the  sides  of  the  head* 

in  mgllusks  and  zoophytes  sensibility  is  much  more  obtuse,  hut  is 

67 


PHYSIOLOGY  OF  THE  DOMESTIC  ANIMALS. 


tentaclcB  or  pseud ojkkIs 


likewise  distributed  over  the  eiitii 
]»erlia|)9  more  highly  ileveloped  in 
so  often  foiiiKl. 

Id  fishes  [>rojecting  organs  at  the  side  of  the  buccal  oi>eiiing  receive  I 
terminiitions  of  iitTereiit  nervej*»  and  these,  togetiier  with  the  tins,  imiv  be 
repirdetl  a3  especial iv  developed  tactile  organs^  although  Ikti-.  also,  ilic 
entire  body  surface  pijssesses  general  sensibility. 

In  reptiles  no  speeifil  tactile  organ  is  present,  unless  the  tongue,  mj 
certain  instances,  may  lullill  this  function. 

In  birds  the  tactile  sensibility  of  the  skin  must  be  to  a  cerUUa  ^%mi 
tent  intcrrereci  with  by  the  thick  coating  of  feathers*  and  tiie  sensibility  J 
of  the  feet  by  the  denne  scales  which  usually  cover  these  parts.  In  hinlt ' 
in  general  it  is  the  beak  which  possesses  tactile  sensibility  in  the  lugUeat 
<legree. 

In  main  mats  the  greatest  variation  exists  in  the  speciallzAtion  of  ^ 
certain  parts  of  the  body  for  the  appreciation  of  tactile  sensation**.  In 
moukcys,  although  four  hands  may  bo  said  to  l>e  present,  tbey  arc  not  to  ; 
be  regarded  as  sensitive  organs  as  are  the  hands  of  man;  since,  in  Urn] 
first  jilaee,  their  liiigers  do  not  possess  the  |Kjwer  of  scjxirnte  movement | 
and  their  tliunib  is  much  shorter  and  incapable  of  Ijeing  brought  into 
apposition  with  tlie  fingers;  while  the  [rulm  of  the  hand,  which  frc^Queatly 
serves  as  a  means  of  progression,  is  covered  with  cnllouse<i  e|iitliebirriU| 
In  certain  monkeys  witli  prehensile  tails  this  organ  is  doubtless  poss^tssetl  1 
of  tactile  power  in  the  highest  degree. 

In  soli  pedes,  ruminant!?,  ami  carnivora^  in  whom  the  extremities  of 
the  limbs  terminate  in  a  single  or  tloid^le  hoof,  in  claws,  or  calloused  J 
skin,  in  these  localities  the  sense  of  toueh  mu^t  be  very  imperfect,     Butl 
these  parts  of  the  animal  iKxly  must  be  capable,  nevertheless,  of  giviagJ 
distinct  notions  as  reganls   resistance,  solidity,  and  consistence,  si iico] 
these  horny  parts  rest  on  a  highly  develoi)ed  papillary  layer  of  the  derm. 
In  soli  pedes  and  ruminants,  especially  in  the  former*  the  lips  fx>ssesg  a  I 
considerable  degree  of  mobility,  and  are,  as  has  Ix^en  shown,  the  [>rinci-| 
pal  organs  of  prehension  and  are  highly  endowed  witli  tactile  scnsibihty.. 
In  carnivora  the  terminatiou  of  the  soft  parts  about  the  anterior  nares  til 
extremely  sensitive  and  is  employed  by  them  as  a  tactile  organ,  while  it] 
is  only  a  step  fjirLher  to  the  hog  or  the  elephant*  where  the  prolongation  j 
of  this  part  of  the  boil}^  acquires  extreme  perfection  as  an  organ  of  : 
tactile  sensibility.     In  certain  animals  the  long  hairs  growing  from  tbdj 
np|>cr  lip,  as  in  the  cat  and  the  rat  and  the  seal,  are  to  be  reganleci  a»  j 
taetile  organs,  since   they  conduct  tactile   impressions  to  the  sensory 
nerves.     Probably,  also,  the  spines  of  the   porcupine  fulfill  the 
function. 

Like  the  more  specific  sensations,  the  seusations  of  touch  ret^utrc  faij 
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their  proiluctioB  terminal  organs  which  are  found  in  the  epidermis  of  the 
skin  und  surrounding  t!ie  underlying  nerve  structures.  The  iimnner  in 
which  the  terminal  11  laments  of  the  sensory  nerves  are  distributed  to 
the  skin  varies. 

Five  generfil  different  modes  of  distribution  have  been  recognized. 
The  touch  corpuscles  of  Wagner  and  Mcissner  lie  in  the  papilla*  of  the 
true  skin  and  are  most  numerous  in  the  pahn  of  the  hund  and  the  sole 
of  the  foot,  and  es^K'cially  on  the  fingers  and  toes,  Tbey  are  oval 
or  elliptical  lK>dics  covered  by  layers  of  connective  tissue  arrangetl 
transversely  and  containing  within  a  granuhir  mass  with  longitudinally 
striped  nuclei.  Each  of  these  corpuscles  is  surrounded  in  a  sjvecial 
manner  hy  a  mcdnllaled  nerve-fibre  which  loses  its  mjelin  and  divides 
into  a  numlR^r  of  flbrib  within  the  corpuscle, 

Pacini's  corpuscles  are  oval  bodies  likewise  found  iu  tlie  suhcu- 
taneous  tissue  of  the  skin  of  the  lingers  and  toes  and  of  various  other 
localities.  They  consist  of  numerous  layers  of  nucleated  connective 
tissue  separated  from  each  other  by  tUiid  and  lying  one  witljin  the  other, 
like  the  coats  of  an  onion.  Into  the  axis  of  each  passes  a  medu Hated 
nerve-libre  whose  sheath  of  Schwann  becomes  united  with  the  capsule. 
In  the  interior  or  central  core  of  the  corpuscle  each  nerve-fibril 
terminates  in  a  email,  hair-shaped  enlargement. 

Grouse's  corpnsclcs  are  elongated  or  rounded  bodies  found  in  the 
deeper  layers  of  the  conjunctiva,  the  fioor  of  the  mouth,  and  various 
otlicr  mucous  surfaces.  The  slieath  of  Heulc  communicates  with  the 
nucleated  capsule,  while  the  non-medullated  fibre  is  continued  into  the 
internal  core, 

Merekers  tactile  cori>uacle8  occur  in  the  l>eak  and  tongue  of  the 
duck  and  goose,  in  the  tactile  hairs  or  feelers,  anil  also  in  the  epidermis 
of  mun  and  other  mammals.  They  are  composed  of  a  capsule 
containing  two  or  three  or  more  granular  nucleated  cells  piled  one 
on  an<»lher  in  a  vertical  row.  Each  corpuscle  receives  at  one  side 
a  mctbillatetl  nerve-libre  which  terminatea  either  in  the  cells  themselves 
or  in  the  transparent  iirotojjlasmic  substance  lictween  the  cells.  In 
aildttion  to  t!jese  special  terminal  organs  of  the  atlcrent  nerves  in 
many  localities  their  axis  c^'linder  splits  up  into  fibrils  to  form  a 
nervous  net- work  whicli  is  to  l>e  regarded  as  an  organ  of  sensation. 

Nerve-trunks  are  supposed  to  contain  fibres  which  are  especially 
concerned  in  conducting  painful  impressions  and  tactile  impressions. 
Sensations  of  temperature  fall  under  the  second  head.  As  already 
indicated,  the  first  of  these  modes  of  sensation  may  be  converted  into 
the  second. 

Thus,  when  a  body  is  brought  in  contact  with  the  skin  we  ma}^  form 
a  conception  of  the  weight  of  the  body — ^that  is,  the  amount  of  pressure 
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which  it  exerts  upon  the  ekin — and  to  a  certain  extent  its  temperatnre* 
If  the  degree  of  pressiiri*  ^be  greatly  increased ,  the  sensation  of  pre*^aro" 
fives  place  to  one  of  pain^  and  so,  also,  for  extremely  liot  or  estreraeljf 
cold  bodies.     On  the  other  hand,  impressions  which  are  not  localize*!  on 
the  terminal  organs ,  as,  for  example,  the  passage  of  the  electric  current 
through  the  skin,  are  not  capable  of  being  regarded  as  tactile  sensntioni. 
In  other  words,  we  are  nnable  to  distinguish  one  such  mode  of  stimiiLv 
tion,  except  within  narrow  limits,  from  another.     Thus,  for  example,  tk 
sensation  of  meehanically  pricking  the  skin  is  probably  identlenl  »iUi 
that  produced  by  the  passage  of  the  current    Again,  the  contact  of  a  fluid 
with  the  skin  will  cause  a  tactile  sensation^  since  it  is  in  contact  witla  the 
nerve  terminations,  and  if  that  fluid  be  an  acid  and  pass  below  the  tenainal 
organs  and  implicate  the  nerve-fibres  a  sensation  of  pain  will  Ije  causal; 
so  that  stimulus  which  when  applietl  only  to  the  nerve  terminations  nwy 
cause  a  tactile  impression,  when  applied  to  the  nerve-trunk  results  in  i 
(minful  sensation. 

The  intensity  of  the  sensation  produced  by  pressure  depends  almost 
as  much  upon  the  rapid itj  of  tlie  application  of  the  pressure  as  npontbe 
degree  of  the  pressure*     If  the  increase  be  gradual,  more  pressure  mf 
be  applied  with  scarcely  n  perceptible  sensation  ;  while,  ou   llie  otbtf 
hand,  the  rapid  application  of  a  less  pressure  may  cause  a  much  mm 
intense  sensation.     All  parts  of  the  sktn  are  not  erpmlly  sus(*i>ptibk  b»   ' 
press  tire  for  tlie  simple  reaaon   that  all   parts  art*  not   cipLMllv  s(.r|flif«i 
with  tactile  corpuscles.     In  man  the  most  sensitive  localities  nro  on  the 
palmar  surface  of  the  fingers,  on  the  forehead,  and  on  the  flexor  siirtVe> 
of  the  limbs  as  contrasted  with  the  extensor  surfaces. 

If  two  points  of  the  skin  are  subjected  to  ])ressure  tlio  sen^ntion 
becomes  fused  when  the  two  points  are  suflieiently  dose.  When  nii  im- 
pression is  made  upon  any  part  of  the  body,  not  only  the  elianutcr  Imt 
the  locality  are  appreciated.  This  power,  however,  of  localiziniz  pressure 
sensations  varies  in  diflferent  localities. 

The  following  table  from  Weber  gives  the  minimum  distanoos  at 
which  simultaneous  stimulation  of  two  points  may  be  recognized  iu>  two 
distinct  sensations : — 

Tip  of  tongue 1.1  millimeter. 

Palm  of  lust  phalanx  of  finger,    .        .        .22 
Palm  of  second  phalanx  of  finger,       .        .      4.4 

Tip  of  nose 6.6         " 

White  part  of  lips, 8.8 

Bark  of  second  phalanx  of  finger,       .        .  11.1 

Skin  over  malar  bone, 15.4        " 

Back  of  hand, 29.S 

Forearm 39.6        " 

Sternum, 44.  •* 

Back, 66.  *• 
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SECTION    I. 
The  Reproductive  Processes. 

All  of  the  futictiona  of  the  animal  bodj  econoniy  whit^h  hfiveas  yet 
been  considered  have  dealt  solely  with  the  preservation  of  the  iiulivitlual. 
Through  the  exercise  of  the  reproductive  function  is  accomplished  the 
preservatioti  of  the  species.  The  dumtion  of  the  life  of  any  single 
animal  is  a  limited  one.  and  if,  therefore,  each  speeies  did  not  possess 
the  power  of  reproducing  itself  in  a  new  and  similar  individual  the 
species  would  eventually  die  out. 

The  mechanism  by  whieh  reproduction  is  accomplished  greatly 
diflTers  in  different  groups  of  the  animal  kiugdoin.  In  all  vertebrates  it 
is  aceomplii^hed  by  the  union  of  two  individuals  of  opposite  sexes,  male 
and  female.  In  a  large  nnmljer  of  the  invertebrate  animals  the  two 
sexes,  or  at  least  the  two  sexual  organs,  are  found  united  in  the  same 
individual,  and  the  different  acts  of  generation  are  thus  accomplished  in 
the  body  of  the  same  animal ;  wliile  the  mode  oT  reiiroduction  offer  a 
a  strong  analogy  to  tliat  of  the  vegetables,  which,  likewise,  contJiin 
within  the  «ame  tloral  envelope  the  organs  of  the  two  sexes.  In  other 
animrils  still  more  imperfect  a  mode  of  generation  may  be  observed 
which  is  analogous  to  that  of  cryptogamous  plants.  Here  no  organs  of 
generation  can  l>e  detected,  and  reproduction  is  accomplished  by  sep- 
aration of  parts  of  the  imrent  hoily  whieh  possess  the  power  of 
development  and  growth.  Sometimes  tlie  germ  detacbes  itself  from 
the  individual  in  the  form  of  a  vesicle,  which  passes  through  ali  the 
phases  of  development.  Such  a  mode  of  reproduction  is  Bix>ken  of  as 
generation  by  spores.  At  other  times  a  bud  may  tie  noticed  to  form 
from  within  or  without  the  animal,  which,  after  having  acquired  a  more 
or  less  complete  development,  separates  itself  from  the  parent,  and  after 
the  separation  continues  to  grow  and  devehip  into  a  new  animal.  Such 
a  mode  of  reproduction  is  S|>oken  of  as  gemmiparous  generation. 
Finally,  the  new  organism  may  develop  from  the  parent  organism  by  a 
simple  process  of  detachment  of  a  part  of  the  parent,  after  the  separa- 
tion the  detached  portion  forming  a  new  animal,  while  the  parent 
replaces  the  part  which  was  lost.  Such  a  mode  of  reproduction  is 
spoken  of  as  generation  by  fission. 

In  all  animals  provided  with  organs  of  generation,  whether  borne 
bj  different  individuals  or  united  in  the  same  individual,  generation  is 
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invariably  accorapUsbeU  by  tbe  formation  of  an  egg  hy  tUe  female  and 
of  a  ftjcundating  liquid  by  tUe  male^  wUicb,  coming  in  conUtct  wilL  the 
egg  developed  by  tbe  (Vmale  oigaiiism,  gives  to  tbe  latter  its  power  of 
independent  growth  and  tlevelopmenU  Sometimes  tbe  fluid  formed  byj 
the  male  comes  in  eontiiet  witb  tbe  egg  of  tbe  female  after  it  bas  i>a%6ed 
from  t!ie  body  of  ibe  reinale,  as  is  the  cuse  in  tlsbe^^  while  at  other 
times  the  male  fecundates  the  egg  before  its  exit  and  while  it  la  »tLll 
within  the  body  of  the  female,  where  it  undergoes  a  certain  part  of  it* 
devetopmenUil  chanj^jeSt  aa  in  the  bird.  Finally,  the  egg  feeuntba<^d  by 
tlie  male  may  be  retained  within  the  cavity  of  tbe  femifile  until  it  tuf 
undergone  t]»e  first  pha!»e«i  of  its  development. 

Although  numerous  ditfereiiees  may  be  met  with  in  ditferent 
1)er8  of  tbe  animal  kingdom,  tbe^e  fundamental  fnets  are  alwaysobMertfd: 
on  the  one  side  tbe  production  of  an  egg,  and  on  the  other  tbe  produdion 
of  a  fecundating  fluid. 

In  all  tbe  vertebrates,  whether  mnmmals*  binls,  reptik*s»  or  fi^brf, 
generation  is  aecou»plis?bed  by  the  union  of  tbe  two  sexes,  the  sexotJ 
organs  being  found  in  different  indlvidaals* 

In  mammals  the  process  of  fei*undation  takes  place  withiu  IIm 
interior  of  the  sexual  organs  of  the  female,  and  eopulatton  is,  tberefoiv, 
Bsential.  In  most  reptiles  a  similar  process  takes  place,  aUhougU  ii 
fome  fecundation  is  external ;  that  is  to  say,  tbe  male  extnide«  li*« 
Hemiuid  fluid  upon  tbe  eggs  as  they  leave  the  body  of  the  female.  Tliii 
latter  process  is  also  that  which  holds  in  llshes.  In  the  tiisbes  the  eg^ 
covered,  as  in  the  case  of  tbe  bat rachians,  with  a  soft  membrane,  ti« 
usually  deposited  along  tbe  hauks*  or  at  the  bottoms  of  rivers  or  pondu, 
while  the  mide  de|>usit8  at  ynriable  intervals  the  fecundating  ri«juid.  A« 
a  consetpieuce  of  the  exposure  to  so  many  tliftbrent  causes  of  tlestnicti<« 
a  large  nunilier  of  eggs  escape  fecundntion,  but  the  immense  number  (^^ 
posited  by  the  fishes  serves,  however,  to  prevent  tlie  nittmnte  extiniiion 
of  the  s|>ecies.  As  many  as  a  million  eggs  have  lieen  said  to  be  extruded 
at  one  time  from  the  Ixxly  of  the  female  of  various  fishes. 

The  ovaries  of  the  female  fii^b  are  two  voltiminons  glands »  wliieh 
almost  fill  the  alKkiniiiiMl  eavity  of  the  fish  at  the  time  of  spawning.  In 
most  of  the  bony  flshes  the  oviducts  are  continuous  with  the  OTaricsand 
furm  the  extrusory  canaL  In  many  of  tbe  cartilaginous  fishes  ih* 
tdMlominal  extremity  of  the  duct  is  free,  as  ta  the  ease  in  tnani: 
reptiles,  and  birds.     Tbe  oviducts  open  into  the  cloaca. 

The  testicles  form  in  tbe  male  two  voluminous  glands,  openinf 
means  of  the  spermatic  canals  cither  into  the  cloaca,  or  by  a  special 
opening  in  the  neijrhborhood  of  the  anus.  In  certain  of  the  C4irtil»gii«>w* 
fishes  fecundation  occurs  within  the  body  of  the  female,  and  iherr  h, 
therefore,  true  copuhtion  analogous  to  that  in  bird&*    In  these  fishes  tlM 
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eggs  are  covered  by  a  boniy  envelope.  In  others  the  fecundiUed  eggs 
remain  in  the  interior  of  the  oviducts  ixud  there  devt4op,  and  the  animal 
bears  its  yonn<^, 

III  reptile.s,  an  in  liirdn,  the  product  of  generation  comes  from  the 
female  organs  in  the  state  of  an  vg^^  while  in  most  cases  fecundation 
precedes,  as  in  the  birds,  the  escai>e  of  the  egg,  and  the  egg  at  the  time 
of  its  exit  is  contained  witliin  a  solid  envelope,  although,  as  a  rule,  less 
resistant  than  that  surrounding  the  egg  of  the  liird* 

Tarious  bAtrachians  extrude  their  eggs  before  fecundation  and  the 
male  ferunrlates  them  while  clinging  to  tlii^  body  of  the  female  at  the 
moment  of  their  exit.  In  castes  where  eopulution  takes  j>Iace  the  exit  of 
the  eggs  occurs  at  acoimidemble  interval  after  their  detachment  from  tho 
o%'ary,  and  tiic  egg  retained  in  the  oviduct  develops  iind  is  not  expelled 
until  just  at  the  point  at  which  the  young  is  able  to  carry  on  a  separate 
existence  [  while  in  some  instances,  as  in  some  serpents,  incubation  is 
terminated  anci  the  eggs  are  ruptured  within  the  body  of  the  female,  and 
the  livin*^  yomig  are  expelled  from  the  body  of  the  mother.  Reptiles,  as 
a  rule,  do  not  incubate  their  eggs  themselves  aiter  extrnsion,  but  they  de- 
posit them  in  the  sand  or  in  the  water,  as  in  the  case  of  the  amphibious 
rejitiles,  where  the  external  heat  is  Butllcietit  to  accomplish  their 
incubation. 

Females  of  the  class  of  reptiles  have  two  ovaries  and  two  oviducts, 
"which  of>eii  scimmtely  into  the  cloaca,  the  oviducts,  as  in  birds  and 
mammals,  not  l>eir»g  continuous  with  the  ovary,  but  being  free  in  the 
abdominal  cavity,  and  i>ossessing  trump<^t-Bhaped  extremities  analogous 
to  the  fimbriated  extremities  of  the  Fallopian  tubes  in  mammals. 

The  male  organs  of  generation  differ  in  di  fie  rent  species.  In  the 
bfitrachiuns  there  are  no  organs  of  copulation.  The  spermatic  canals  open 
into  tlie  cloaca,  and  fecundation  occurs^ as  in  the  birds,  by  the  appUcatioii 
of  the  ani,  when  fecundation  precedes  the  expulsion  of  the  eg^rs.  In  other 
groups  of  reptiles  a  penis  is  present,  into  which  the  spermatic  canals 
oi>en. 

Of  all  the  reptiles  batrachiana  are  the  most  productive.  Turtles 
extrude  four  to  five  egg^,  serpents  ten  to  twenty,  and  frogs  many  hun- 
drciU.  After  escaping  from  the  f?gg  batrachians  are  not,  as  a  rule,  fully 
developed,  but  during  the  first  two  weeks  undergo  a  true  metamorphosis, 
first  existing  in  the  form  of  tadpoles,  deprived  of  limbs,  but  having  a 
tail  and  breathing  by  branchia  situated  at  the  side  of  the  neck.  Grad- 
imlly  limbs  develop  and  the  tail  as  well  as  the  gills  disappear,  and  the 
animal  then  !>reathes  by  lungs. 

In  birds  the  prwluct  of  generation  leaves  the  sexual  organs  of  the 
female  while  still  within  the  egg,  and  such  animals  are,  therefore,  termed 
oviparous,  although  it  must  not  be  forgotten  that  man  and  other  animals 
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tktk^  al§o  in  the  strict  sense  of  the  word  oviparous  Animals,  only  ia  them 
the  egg  does  not  leave  the  body  of  the  female  until  complete! j  developed* 

In  tnuitiroaU  the  fecundated  egg  passes  through  the  Fanopinn  tube 
and  becomes  arrested  in  the  uterus  and  is  there  J^xed,  and  there  umler* 
goes  what  may  be  termed  an  internal  incubation^  while  at  the  saniu  time 
vascular  connections  between  the  egg  and  the  bod 3-  of  the  mother  are 
established.  In  birds,  likewise,  the  fecnndtited  egg  passes  through  th<? 
ovidnct  and  tliera  becomes  coated  with  an  albuminous  layer,  around 
which  is  finally  depositetl  a  layer  of  calcareous  matter  whioh  bar^l^tt 
before  tlie  egg  m  extruded.  It,  therefore,  contains  witbin  lt'=*irif  the 
materials  necessary  for  the  developnient  of  the  embryo,  autl  is,  as  s  coa- 
e@queiieiS  more  voluminous  than  Chat  of  the  mummal.  The  eggg  of  Uidl 
are  finally  developed  by  external  ineidmtion. 

Birds,  like  reptiles,  are,  as  a  rule,  possessed  of  no  external  male 
organs  of  copulatiom  The  testicles  are  placed  near  the  kidneys,  an^J  ihe 
spermatic  canals  open  at  the  inferior  extremity  of  the  digestive  tracltt 
the  cloaca,  and  it  is  by  the  application  of  the  anus  of  the  male  to  tiK 
cloaca  of  the  female  that  fecundation  is  accomplished.  In  certain  hit*i«, 
as  the  ostrich^  duck,  and  goose,  a  rndimentary  penis  is,  tieverthd^ 
present. 

Tile  fundamental  part  of  the  egg,  or  the  yelk,  is  formed  in  the  0TS.T7 
of  the  female.  When  the  yelk  has  attaineii)  its  full  development  the 
ovarian  eapsinle  breaks  and  the  yelk,  inclosed  by  the  vitelline  membrau*, 
passes  into  the  oviduct.  There  it  meets  with  the  seminal  fluid  and  l)eeome5 
enveloped  by  a  layer  of  albuminous  matter,  while  the  3'elk  underizoes  a 
rotatory  movement  and  the  chahvza*,  or  albuminous  ligaments,  found 
in  the  white  of  the  egg  are  formed.  About  six  hours  after  the  exit  from 
the  ovary,  and  when  the  egg  has  reached  the  lower  third  of  the  oviduct, 
the  albuminous  layer,  or  the  white  of  the  e^g,  becomes  enveloped  bvs 
meml)rane,  at  fust  transparent,  and  which  finalh^  doubles  itself  into  two 
folds.  The  fold  adhering  to  the  albumen  remains  in  the  state  of  a  mem- 
brane, while  calcareous  matters  arc  deposited  in  the  more  external 
membrane  so  as  to  form  the  egg-shell.  The  formation  of  the  shell  is 
much  slower  than  that  of  the  albumen,  and  it  is  only  after  about  twenty- 
four  hours  that  the  complete  egg  is  expelled  from  the  inferior  part  of  the 
oviduct  into  the  cloaca  and  thence  to  the  exterior,  the  small  point  of  the 
egg  being  first  extruded. 

If  examined  while  still  within  the  oviduct,  or  immediately  after  its 
extrusion,  it  may  be  readily  determined  that  characteristic  chanfies  Imve 
occurred  within  the  germinal  vesicle,  and  these  progress  until  the  embrvo 
is  completely  developed,  its  life  l)eing  sustained  during  the  pt^iotl  of 
incubation  by  the  albuminous  matters  stored  up  in  the  egg,  while  respi- 
ration takes  place  through  the  pores  of  the  shell  membrane.     In  the  case 
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of  birds,  in  contradistinction  to  wbat  holds  in  mamnials^  segmentation 

is  partial,  Tvhiie  the  remainder  of  the  yelk  coirtxiined  within  the  umbilical 
vesicle^  and  consequently  communicating  with  the  intestine  of  tbe  bird^ 
Berves  for  its  nutrition ;  as  a  consequence  the  umbilical  vesicle  persists 
during  the  entire  period  of  incubation  and  even  up  to  the  time  when  the 
bird  issues  from  tbe  shell. 

The  heat  necessary  for  the  development  of  the  embryo  within  the 
egg  is,  as  a  rule»  supplied  b}-  the  body  of  the  motber,  but,  as  is  well 
known,  eggs  may  be  artificially  incubated,  it  only  being  necessary 
to  place  them  at  a  constant  temperature  of  from  35^^  to  40°  C,  turning 
them  eacb  day. 

In  mammals  the  female  nourishes  its  young  for  a  variable  period 
after  birth  through  the  secretion  formed  by  the  mammary  glands. 

In  mammals  the  different  acts  of  generation  closely  correspond  with 
similar  processes  in  man,  tlie  principal  ditferences  lying  in  the  number 
of  tbe  young,  the  duration  of  g*'station,  tlie  frequency  of  tbe  acts  of 
reproduction,  and  certain  ami  torn  icul  peculiarities  relative  to  tbe  mode 
of  adherence  of  the  foetus  or  fa'tuses  to  the  uterine  cavity.  Among 
mammals  some  bear  Itnt  one  young  at  a  time.  These  are  the  cow,  mare, 
flss,  etag^  elephant,  and  monkey  ;  the  bear,  tbe  roebuck,  tbe  castor,  the 
marmot  J  and  the  guinea-pig  three  to  four;  the  lion,  the  tiger,  and  the 
leopard  four  to  five  ;  the  dog,  the  fox,  tbe  wolf,  and  tlie  cat  Ave  to  six  ; 
the  rabbit  and  the  water-rat  six  to  eight ;  tbe  pig  and  the  rat  as  many 
as  fifteen. 

Tbe  duration  of  gestation  Is  three  weeks  in  the  guinea-pig,  four 
weeks  in  the  rabbit  and  bare,  five  weeks  in  the  rat  and  marmot,  six 
weeks  in  tiic  ferret,  eight  weeks  in  tbe  cat,  nine  weeks  in  the  dog  and  fox, 
ten  weeks  in  the  sloth,  fourteen  weeks  in  the  Hon,  seventeen  weeks  in  the 
castor  and  sow^  twenty-one  weeks  in  the  sheep,  twenty 4 wo  weeks  in  the 
goat,  twenty-four  weeks  in  the  roebuck,  thirty  weeks  in  the  bear,  thirty* 
six  weeks  in  the  stag,  forty-one  weeks  in  the  cow,  forty-three  weeks  in 
the  mare,  the  ass,  and  the  zebra,  fort3*-five  weeks  in  the  camel,  and  one 
hundriHl  weeks  in  the  elephant. 

The  number  of  young  l>orne  by  mammals  is  capable  of  being  modi- 
fied under  ditferent  conditions.  Animals  which  in  a  state  of  nature 
copulate  but  once  in  a  year,  when  reduced  to  a  state  of  domestication 
enter  anew  into  heat  and  may  copulate  a  sbort  time  after  the  previous 
birth  ;  this  is,  without  doubt,  due  to  the  more  abundant  nourishment  sup- 
plied to  such  animals  in  a  state  of  domestication.  The  mare  may  pass 
into  beat  ten  or  twelve  days  after  the  birth,  tbe  cow  after  twenty  days. 

Tbo  number  of  young  borne  by  mammals  is  principally  subordinate 
to  the  duration  of  gestation.  Small  mammals,  which  carry  their  young 
but  a  short  time,  as  a  rule  bear  more  frequently  than  those  in  which 
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gestation  is  of  longer  duration.    Thus,  tlie  water-rat  or  guineft-pig  inty 
bear  five  or  six  times  a  year.  i 

In  most  mammals  the  uterus  is  not  constitnted  by  a  single  cavity  J 
as  iu  tlie  liuman  female,  but  is  prolonged  more  or  le^s  on  each  aidef  coa«j 
Btituting  ^hat  are  termed  the  horns  of  the  uterus.  Sometimes,  as  in  car- 
nivora,  the  division  of  the  uterus  is  prolonged  up  to  tlie  vaginal  orifice 
of  the  uterus.  This  division  of  the  uterus  into  two  horns,  or  two  pouchei,  I 
more  or  less  distinct,  does  not  occasion  any  difference  in  the  mode  of 
connection  of  the  eggs  with  the  uterine  mucous  membrane.  la  the| 
carnivora  and  in  rodents  the  mucous  membrane,  as  in  the  human  species, 
adheres  to  the  body  of  the  organ  and  separation  is  extremely  dl 
In  solipedes  and  the  pachyderms  the  uterine  mncons  membrane 
slightly  adherent  to  the  subjacent  tissue  and  may  even  be  thrown  1^ 
folds. 

In  homed  ruminants,  as  the  eow^  the  mode  of  union  of  th€ 
with  the  uterine  mucous  membrane  present-s  a  remarkable  peculiari 
The  f<i*tal  placenta  occurs  in  isolated  cotyledons,  the  cotyledons  beiJif 
formed,  aa  in  the  human  species,  of  vascular  loops  implanted  in  tbo 
mucous  membrane  of  the  uterus,  being  designated  under  the  name  of  tte 
uterine  cotyledons.  These  uterine  cotyledons  exist  in  the  female  tnt 
before  pregnancy  and  persist  after  the  separation  of  the  foetus  and  lU 
inulti[ite  placenta, 

Wlien  the  young  of  a  mammal  is  bom  the  membranes  of  the  egg 
tlic  umbilical  cord  frequently  rupture  spontaneously.  In  other 
female  breaks  the  membranes  and  the  cord  with  her  teeth.  Most 
nivorous  animals  devour  the  after-birth.  In  the  homed  ruminants  tbt 
adhesion  of  the  cotyledons  of  the  festal  placenta  with  the  uterine  coU- 
ledona  is  so  close  that  frequently  several  days  elapse  after  the  birtii  ot 
the  ftetus  before  the  placenta  becomes  detached.  In  such  animal.^  iJh 
expulsion  of  the  placenta  cannot  be  facilitated  by  drawing  on  the  umbllir 
cal  cord  without  great  risk  of  hemorrhage  from  rupture  of  the 
vessels. 

When  the  animal  is  multiparous  the  membranes  and  placenta  of 
are  expelled  with  the  young  to  which  they  belong.  In  certain  species  of 
mammals  the  young  are  but  slightly  developed  and  are  incapable  of 
making  use  of  their  limbs.  Many  such  animals,  as  the  marsupLali^ 
remain  permanently  attached  to  the  breasts  of  the  motlier  while 
in  pouches  formed  by  a  fold  of  the  Integnment  of  the  abdomcD. 
1,  The  Reproddctivk  Tissues  of  the  Fehxi^ — As  already 
reproduction  is  dependent  upon  the  union  of  tlic  ovum  contrihuted 
the  female  with  the  spermatozoa  formed  by  the  sexual  organs  of  tk 
male.  These  reproductive  tissues  in  mammals  now  deserve  somewlut 
further  attention.    Nothing  need  be  added  to  the  morphological  daficni- 
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tion  of  tbc  ovura»  wbieh  has  already  been  fully  considered.  Some  points 
in  the  development  of  the  ovum  and  its  attendant  pbenomeita  neverthe* 
less  deserve  consideration* 

The  ova  are  developed  in  the  niRtrix  of  the  ovary*  The  latter  con- 
Bists  of  a  conneettve-tissne  frame-work  supplied  with  hload-vessels, 
nerves,  and  lymphatics,  whose  surface  is  covered  with  a  Inyer  of  eoliininar 
epitheliuni — the  remains  of  the  germinal  epithelium.  The  most  supei'- 
fleial  layer  of  the  ovary  is  called  the  tiiniea  albiigiiiea  and  contains  no 
ova;  but  if  section  be  made  of  the  ovary,  tlirou^hout  its  entire  sub- 
stance will  be  found  small  follicles  varying  from  one-hundredt!i  to  one- 
thirtieth  of  an  inch  in  size.  In  each  of  these  Graafian  follicles  will  be 
found  an  ovum  in  dilferent  stages  of  development.     Immediately  after 


Fio,  -114.— Ki^moN  OF  ATT  Ova  TIT.    (Lum^oiJ*.) 
«,  lirai  «pittMUtis;  U  Urgv-^lw^  ro1Upr«fl;  3  2,  smatler  »it«d  follicle;  t^,  onitn  vUhfn  i.  Ortafltn  Mlld«; 

birth  the  ovary  contains  immense  numbers  of  ova-^in  the  human  female 
infiuit  from  forty  thousand  to  seventy  thousand*  Tbe  ova  develop  from 
the  layer  of  germinal  epitbelium  which  originally  completely  surrouBded 
the  ovury.  At  dlirerent  intervals  on  the  surface  depressions  form,  which 
sen^e  to  carr}'  in  a  laier  of  germinal  epithelium  to  fcirm  the  so  called 
ovarian  tul»es.  These  tubnles  gradually  become  deeper  and  deeper,  and 
contain  within  their  interior  large,  single,  spherical  cells,  with  a  nucleus 
and  a  nucleolus,  in  addition  to  the  small,  columnar  cells  lining  the  tube. 
As  tbe  tubules  extend  into  the  ovary  the  growth  of  the  stroma  of  the 
ovary  serves  to  constrict  the  orifices  of  the  tubules,  and  finally  their 
openings  become  completely  obliterated,  and  the  tubule,  which  originally 
began  as  a  pocket-shaped  depression  on  the  surface  of  the  ovary,  now 
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exUU  as  a  closed,  more  or  less  cinnilar  roll icle,  completely  sepaml^d 
th<^  ovarian  wtroiiia  from  the  surface  (Fig.  ^H), 

EnfU  eomimrtmcnt,  or  Gnmiian  follicle,  so  formed  usuall}-  oonU 
Qfif%  or  ai  the  most  two,  ova,  which  derclop  from   the   largo  e 

(priinonlijil   I'ella)  already  re  for  rod   to.  | 

TUc  liahig  cif  tho  tubulo,  whifli  it  must  not  be  forgot t^n  was  dertli 
fVoro  tlic  exterior  covering  memtinuie  of  the  ovary,  ia  spokeu  of  m 
mom  lira  ?kn  ^'rnnnlosii,  mid  at  oticj  iKtint  its  ci?ll8  become  elevated  to  II 
a  projoc-Lioiit  the  proligerous  dbk,  l*y  which  the  ovum  is  conneetisd  l 
the  menibrana  f^ratiiilosa.  The  fcjlliolea  are  at  first  oply  .03  millitm 
in  dlnmoter,  but  they  gradually  kcoine  larger,  especially  at  the  tim« 
piilierty.  The  entire  cavity  of  the  Graaflau  foiiielc  is  occupied  by  afli 
the  fe*o-eal It'll  liijuor  foilicuhirij  which  gradually  accumulates  during 
gniwtU  of  the  Onuiflan  follicle.  Each  Oraallan  follicle  is,  therefore, c< 
jH>j*ed  of  fin  e3tt4*nml  tunic  which  is  higlily  vascular  in  character.  Wit 
thi*  is  tlic  graitular  layer  rising  at  one  jxiint  to  form  the  pn>ligeii 
disk,  in  ctmUct  with  which  is  the  ovum,  while  the  remainder  of  Uic 
Ucle  is  occu|iiiHl  wjth  fluid.  As  the  follicles  increase  in  sixe  U 
become  doprcswecl  towanl  the  centre  of  the  ovary,  but  when  about 
burst  a^ain  rise  to  the  surface,  until,  finallv,  the  walls  of  the  Gmai 
follicle  will  lie  directly  below  the  germinal  epitlielium  on  the  snrfaet 
the  ovary*  lln  diameter  ia  now  from  one  millimeter  to  L3  milltinetl 
The  t'ni)«ni-o  oftlie  flrj^t  Graafian  follicle  corrospouds  with  the  <nH>urri?i 
of  pulK-rly  or  of  fertility  and  indicates  the  period  at  Avhich  the  feiii 
organism  tirst  becomes  capable  of  the  functions  of  generation.  1 
smaller  the  mammal  the  earlier  does  this  capalMlity  for  procrcat 
appear.  In  the  smaller  mammals,  such  as  the  rabbit,  the  guinea-piji,  r 
the  rat,  as  well  as  in  birds,  it  appears  within  the  first  year;  in  lar; 
animals,  as  the  eat  and  the  do<;,  in  the  second  year,  while  in  the  lanz 
mammals,  as  the  horse,  cattle,  and  the  lion,  in  three  years  ;  in  the  Ufli 
in  four  years;  in  the  camel,  in  five  years;  in  the  human  female,  ab< 
the  fourteenth  year,  and  in  the  elephant,  between  the  twentieth  and 
thirtieth  year. 

rnluTty  in  the  human  female  is  recognized  b3'  the  first  oceurroi 
of  menstruation,  which  consists  in  the  escape  of  blood  from  the  exter 
genitals.  In  warm  climates  menstruation  first  sets  in  between  the  a: 
of  eleven  and  twelve  years;  in  cold  climates  between  the  ages  of  fo 
teen  and  sixteen  years.  The  duration  of  each  single  menstrual  peri 
varies,  as  a  rule,  from  three  to  five  days,  although  it  ma}^  last  as  lonir 
eight,  or  only  one  or  two  xlays.  Toward  the  age  of  fort}'  or  fi 
years  in  the  human  female  the  procreative  faculty  disappears  and  w 
it  the  menses  cease.  Such  a  period  is  spoken  of  as  the  climacteric 
menopause. 
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At  the  occurrence  of  puberty  various  chftnges  take  place  wlucli  mark 
tlie  a]>peaniiicc  of  rc[iroiUicttvene8s.  As  euch  m:\v  l»e  luoiiliiPiitMl  in- 
creased vasscylarity  and  developmt*nt  of  tlie  tixtenial  and  internal  gener- 
ative orj^ans,  the  characteristic  changes  wbicU  now  commence  in  the 
pelvic,  the  deveiopnient  of  the  mfinnna%  and  tl»e  growth  of  hnir  on  the 
pnbes  and  in  ilie  axilla.  Mcnstr nation  reenri*,  iisniiily,  at  intervals  of 
twenty-eight  days,  and  each  menstrual  period  cori'e8|>oiids  with  the  ripen- 
ing and  ruptnre  of  a  tiraalian  follide.  During  menstniaiion  from  one 
hundred  to  two  hnndrtnl  grammes  of  bhjod  escape.  Tlds  blood  has  lost 
its  power  of  coagnlation,  probal%  throngh  mixtnre  with  the  alkaline 
secret  ions  of  the  uterus  and  vagina.  Tlie  .source  of  tlie  hemorrhage  is 
the  nnicous  membrane  lining  the  uterus.  The  ciliated  epithelium  of  the 
uterus  becouies  swollen,  coiigeatcd^  and  soft,  and  almost  cntirel)*  shed* 
A  similar  congestion  likewise  occurs  in  the  ovaries  and  Fallopian  tubes, 
the  congestion  of  the  ovary  leading  to  a  greater  transudation  of  fluid 
into  the  GraiiHan  follicle  and  conserinent  rupture,  while  the  great  conges- 
tion and  engorgement  of  the  blood-vessels  of  the  uterus  lead  to  the 
ruj^ture  of  the  finer  capillaries  and  tl»e  consequent  escape  of  blood. 

In  addition  to  tlie  congestion  of  the  internal  genital  organs,  the 
extennd  genital  organs  also  become  more  strongly  congested  and 
swollen. 

Phenomena  rinalogous  to  the  process  of  men&trnntion  in  the  human 
female  occur  in  all  females  of  the  class  of  mammals^  in  the  domestic  animals 
the  condition  being  spoken  of  as  heat,  and  its  first  occurrence  marks  not 
onW  the  first  ajipeti ranee  of  the  power  of  procreation  hut  also  the  times 
at  which  copulation  with  the  male  will  he  permitted.  In  all  of  the 
domestic  animals  the  ocenrrence  of  heat  coineides  w  ith  the  rupture  of 
one  or  more  Graafian  follicles  and  the  escape  of  one  or  more  ova  from 
the  ovary,  together  with  the  increased  vascularit3'  of  the  geuittds.  The 
external  sign;?  of  heat  are  the  following  :  Slight  swelling  and  reddening 
of  the  vagina  and  vulva,  more  or  less  flow  of  mucous,  reddish  discharge 
from  the  genitals,  characterized  by  a  j>ecii liar  odor,  which  especially  seems 
to  possess  the  power  of  attracting  the  male,  frequent  urination,  olteu 
slight  swelling  of  the  mammary  gland  with  aitemtion  in  tiie  characters 
of  the  milk ;  the  disposition  of  the  animal  becomes  restless.  It  seeks  tl>e 
male  of  the  same  species,  frequently  gives  vent  to  various  cries,  and 
sometimes  refuses  to  cat.  The  characteristics  of  heat  vary  somewhat 
in  ditferent  animals*  In  the  mare  urination  is  frequent,  the  vulva  is  the 
seat  of  spasmodic  discharge,  and  the  clitoris  becomes  erect.  Tlic  mare 
whinnies  and  seeks  the  niale.  Occasionall}*  a  small  amount  of  blood 
escapes  from  the  external  genitals.  The  cow  becomes  very  restless,  con- 
tinually bellows,  and  attempts  to  mount  other  animals  even  of  the  same 
sex.     In  sheep  the  appearances  of  heat  are  less  characteristic,  and  are 
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evidenced  »iiDply  by  greiiti^r  uneastnese,  leaiTuig  the  floek  and  &e€kift| 
ram,  w-ud  will  only  then  permit  tiJ€  act  of  copuktion*  The  same  rem 
fllso  apply  to  the  goat  The  sow  at  this  time  appeara  to  grunt  more 
usual,  is  more  irritftble  and  more  vivaeioiiB,  is  restless,  may  bite, 
bIiows  loss  of  appetite.  Heat  reaches  its  masimiiiB  in  twelve  to  sis 
hours.  In  the  bitch  there  occurs  a  great  hyjiertemia  of  the  i^nital  ] 
and  an  abundant  exudation  of  bloody  mucus.  T lie  vulva  is  cong^ 
and  swollen.and  tbe  animal  is  inueh  mort;  lively  and  vivacious  than  I 
and  playful,  e«|iecially  ^ith  dogs,  which  are  attracted  from  a  git^t 
tance  by  the  peculiar  odor  of  the  discharge. 

lu  all  the  domestic  animals  the  pLetiomeiia  of  beat  have*  a  longi 
shorter  duration*  In  the  mnn^  they  last  from  two  to  three  day»;  ii 
cow;  n-om  llllcen  to  thirty  hours  j  in  the  sow,  from  one  to  three  day[ 
the  ftlu'i^p,  from  two  to  three  days ;  in  the  goat^  from  twa  to  three  ^ 
and  in  tlie  bitcli,  fix>m  nine  to  fourteen  days. 

If  conceptioii  occurs  the  phenomena  of  heat  only  make  th#ir  | 
p<»nrant?e  nl\er  delivery.  In  the  cow  this  occurs  in  three  tu  four  w 
alter  di^li very,  ami  recurs  every  three  weeks  if  impregnsuiorj  daoi 
occur  In  tho  man*  heat  tnay  ni>pear  fiom  five  to  nine  wt*i»k»i  i 
delivery, and,  if  ini]^rL*j5nutit>ii  diwa  not  ot'ciiv,  eveiy  nin*^  dny«i  after* 
80  long  as  tiie  sow  is  suckltnn  ptjenomt*na  cd*  heat  du  not  appear^ 
alter  the  removal  *»f  the  yonng  hitat  eomcs  on  abont  the  thmi  day, 
if  im[ireuuatif^n  <b>cfi  nc>t  oncnr,  recurs  every  nine  or  twelve  days. 
the  shoop,  after  delivery,  heat  occurs  in  from  three  to  four  weeks;  y 
sucklino;  only  two  to  four  months  later,  and  recurs  at  intervals  of  1 
seventeen  to  twenty-five  days.  The  mare  is  in  heat  usually  in  the  s|i 
and  ai^ain  in  the  autumn  ;  the  goat  in  the  autumn  ;  the  sheep  in 
autumn  and  spring,  while  the  other  animals  are  in  heat  at  intei 
throughout  the  entire  year  at  the  intervals  already  mentione<l  (Stre 

The  occurrence  of  menstruation  and  heat  coincides  with  the  ripei 
of  an  ovum.  In  the  human  female,  as  in  the  mare  and  cow,  one  oviui 
at  the  most,  two  ripen  at  one  time;  in  the  goat,  from  one  to  four,  ^ 
in  the  dog  and  cat  as  many  as  ten  ova  may  mature  together. 

Through  an  increase  of  the  blood  pressure  in  the  vessels  of 
ovary  blood  transudes  into  the  interior  of  the  Graafian  follicle,  and  t 
by  increasing  the  pressure,  causes  a  rupture  of  the  wall  at  its  thin 
point, and  the  ovule, together  with  the  proligerous  disk  and  thefollic 
fluid,  esca]>e  into  the  abdominal  cavity.  The  ovary  lies  free  in 
abdominal  cavity  in  a  fold  of  the  i>eritoneum.  As  the  ovule  esca|H?s  f 
the  ovary  the  Fallopian  tube,  and  its  fimbriated  extremity,  is  found,  f 
its  state  of  congestion,  in  a  condition  of  erection,  and  in  all  prohibi 
the  fimbriated  extremity  becomes  closely  applied  to  the  ovar\'.  As  a  ( 
sequence,  the  ova  escaping  from  the  ovary  fall  within  the  mouth  of 
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ovnrinn  tu!>e  and  nrc  cnrried  toward  the  uterus  hy  meaiiR  of  tbo  cilia 
lining  tlie  Fallopian  tnbt\  Fre<inently  s^ncli  a  clone  contact  docB  not 
0€cui%  since  niiineroiis  cases  of  failure  of  the  ova  to  enter  the  Fallopian 
tube  are  recorded,  and,  as  a  consequence,  al>dominal  pregnancy  may 
take  place.  Stilly  there  ia  no  doubt  tliat  the  congestion  of  the  Fallo- 
pian tul»es  must  result  in  their  erection,  as  njuy  be  accomplished  arti- 
llcially  by  injection  of  their  blood-vessels.  It  is  prolmble  that  the  cur- 
rents set  lip  by  the  continued  motion  of  the  cilia  in  the  Fallopifiii  tubes 
are  tlje  main  cause  in  leading  to  the  eiitrflnce  of  the  ova  into  the  Fallo- 
pian  tubes. 

After  the  ovum  has  entered  the  Fallopian  tube  from  one  to  three 
days  is  required  for  its  passaj^e  to  the  uterus.  Here,  if  not  already 
impregnated  Jt  may  meet  with  spermatozoa,  or  may  undergo  fatty  degener- 
ation, although  certain  clianges,as  already  detailed,  may  occur  in  the  ovum 
even  when  un impregnated. 

As  the  OrauHau  follicle  bursts  it  discharges  its  contents  and  col- 
lapses, while  in  its  interior  remains  the  residue  of  the  granular  membrane 
and  a  small  quantity  of  blood,  which  nvpidly  coagulates.  The  vascular 
walls  of  the  follicle  swell  up,  and  connect! ve-tissue  proliferation  gradually 
leads  to  the  Uliing  up  of  the  follicle,  wliose  contents  finally  nndergo  fatty 
degeneration,  and  from  the  yellow  appearance  thus  produced  the  name 
cor  pit  if  iuleiim  has  Iw'cn  applied  to  this  spot.  If  pregnancy  has  not 
occurred  the  fatty  matter  is  rapidly  absorbed,  the  blood  breaks  up  into 
htematin  and  other  derivatives,  while  the  entire  mass  gradually  shrivels, 
nnd  by  the  end  of  four  weeks  has  almost  disappeared*  Such  a  corpus 
Ititeum  is  spoken  of  as  a  false  c*jrpUH  luteum.  If  impregnation  has  taken 
place  this  corpus  luteum  irvstend  of  disappearing  inert^ses  in  size,  so  that 
at  the  end  of  three  or  four  months  its  walls  are  thicker  and  its  color 
deeix^r,  and  at  the  termination  of  gestation  it  may  be  as  large  as  six  or 
ten  mi  lb  meters  m  diameter,  and  may  i*emain  for  a  long  time  afterw^ard. 
Such  a  furm  is  spoken  of  as  a  true  corpus  luteum.  It  is,  how^ever,  prob- 
able that  too  mucli  importance  has  been  laid  upon  the  distinction  between 
these  two  ffu-ms. 

2.  The  Reproductive  Tissues  of  the  MALE.^The  secretion  of  the  male 
genital  organs  is  known  as  the  seminal  fluid,  or  sperm,  and  it  is  formed 
hv  the  secreting  tulmles  of  the  testicles^  It  consists  of  a  wliitish-yellow, 
sticky  fluid  of  high  specitic  gravity  and  of  neutral  or  alkaline  reaction. 
In  the  seminal  fluid  of  the  horse  are  found  18  per  cent,  of  solids,  in  that 
of  the  bull  17.fi  per  cent.,  while  in  that  of  man  there  is  only  10  per  cent. 
of  solids,  of  which  4  per  cent,  consists  nf  inorganic  salts,  especially  of 
culcinm  and  magnesium  phosphate.  When  exposed  to  the  air  it  becomes 
more  fluid,  and  when  water  is  added  to  it,  it  becomes  gelatinous.  The 
seminal  fluid  as  discharged  from  the  urethra  is  mixed  with  the  seeretioBfl 
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of  the  glands  of  the  vas  deferens,  of  Cowper's  glands,  of  the  profitat« 
gland,  and  of  the  vesicitlte  Beniioales.  It  contains  water,  varying  from 
80  per  cent,  to  90  per  cent,  in  tliiTerent  animals,  serum-albumen,  a  I  kali  albu- 
men, nuclein,  lecithin r  cholesterin^  fats^  salts,  especially  the  phosphate^ 
of  the  alkaline  earths^  with  sulphates,  carbonates,  and  chlorides,  au<l 
a  peculiar  odorous  i>rinciple  the  nature  of  which  is  unknown. 

When  examined  with  the  mlcroseope  it  is  found  that  the  seniinsl 
fluid  may  be  dividtnt  into  a  plasma  and  formed  elements.  The  eonstil- 
uents  already  mentioned  constitute  the  phisma  of  the  Bemen  and  tbe 
formed  elements  are  the  so-eatled  spermatozoa,  and  it  is  the  latter  wHicb 
are  the  active  elements  of  the  secretion  in  the  fanction  of  reprodnctioii. 


[8 


fwiA.    if,  from  ft  gituM  b«tw**D  «  goldJLiMli  {m)  taA  Moujr  (/).    JO,  «obUiiu 

Each  spermatozoon  consists  of  a  flattened  or  pear-sliap<Hl  heaff,<i>i* 
lowed  by  a  rod-shaped  middle  piece  with  a  long,  tail-Hke  prolongation* of 
ciliunL  When  examined  shortly  after  extmsion  from  the  testicle,  ^ 
ciliura  is  foimd  to  l>e  in  rapid  rihration,  and  by  this  motion  the  entitt 
spermatozoon  is  propellrcl  l<3rwnnl  at  the  nite  of  about  half  a  nnflimrl^ 
in  a  second.  The  movement  of  the  spermatozoon  is  identical  with  tb«* 
of  other  forms  of  ciliated  movement  and  is  affected  in  the  same  irsybf 
the  same  reagents*  At  first  the  movements  are  active,  and»  under  filTO^ 
able  circumstances,  they  come  to  rest  only  after  two  or  three  days.  Tb« 
spermatozoa  of  diiercnt  animals  differ  in  shape  uid  siace,  as  is  flioWB^ 
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the  accompanying  dia^am  (Fig,  415).  In  miin  the  spermatozoa  are  about 
,05  Tnillinieter  in  length,  the  heud  being  oval  with  a  tbiokened  posterior 
bortler^  and  tLeir  sliape  is,  therefore,  somewhat  analogous  to  tlmt  of  a  pear. 
The  spermatoxoft  are  developed  from  the  nucleated  protoplaamio 
cells  which  line  tlie  seminal  tubulea  of  the  testicle.'  These  tubules  are 
lined  b}'  several  layers  of  more  or  less  cubical  cells.  The  outer  cells, 
next  the  basement  membrane,  often  show  a  large  nucleus  in  process  of 
subdivision.  Internal  to  tliese  are  several  layers  of  inner  cells  with 
nuck'i,  often  tHvlding  so  tliat  tliey  form  a  progen}^  of  cells  internal  to 
those  toward  the  lumen  of  the  tube.  From  these  cells  so  formed  by  sub- 
division and  which  are  termed  spermatoblasts  the  spermatozoa  are 
formed.  These  spermatic  cells  are  spindle-shaped  and  form  nucleated 
protoplasTuic  prolongations  which  project  into  the  lumen  of  the  tube  and 
break  up  at  their  free  ends  into  flat,  rounds  or  oval  lobules.     During  the 
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Fio.  416  — 8emi-btaora»matic  Spermatooknbsis.    {Landoii,\ 


aftl  ttiTinli;  <t,  t&«inliranB  £  h,  t>n>to|>Iuniie  inner  IJnlnur:  r,  vp«nnjiV>- 
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process  of  development  of  these  spermatoblasts  each  lobule  lengthens 
into  a  tail  or  cilium-like  prolongation,  while  tlie  deeper  part  still  in 
connection  with  the  walls  of  the  tube  will  ultimately  form  the  head  and 
mid<lle  portion  of  the  spermatozoon:  so  that  in  this  stage  of  its  deve!oi>- 
ment  the  *tperm  is  composed  of  an  enlarged  cylindrical  cell  terminating 
in  ci Hum-like  prolongations.  When  the  development  is  complete  the 
head  becomes  detached  and  the  remainder  of  the  spemiatoblant  under- 
goes fatty  degeneration,  although  a  small  amount  of  the  protoplasm  may 
remain  tempurarily  attacheil  to  the  head  of  the  spermatozoon  (Fig.  416). 
Between  the  spermatoblasts  lining  the  lumen  of  the  seminal  tul>ule3 
are  found  numerous  round  cells  possessed  of  amoeboid  movement,  the  co- 
called  seminal  cells,  which  are  probably  concerned  m  the  formation  of 
tills  fluid  parts  of  the  semeiu 


916 


PHYSIOLOGY  OF  THE  DOMESTIC  ANIMALS, 


As  in  tbe  nmtiirlty  of  the  ova,  so  the  formation  nncl  nmtnritj  of  tbe 
fiperniatozoa  hidknite  the  ocetTrreiice  of  piiUerty.  In  llie  Inuiuin  nmie  this 
takes  pkice  abuuL  the  fige  of  (illeen  or  sixteen  years,  sxnd  in  other  mawrnaU 
it  oeeiirs  a  short  time  hiter  than  the  occurrence  of  fertility  in  tbe  female  of 
the  same  spcf-icH.  Tlie  upi»efi ranee  of  piiberty  in  tlie  male  is  iiUo  attendtd 
with  certain  cliaracteristic  signs.  Tlie  larynx  undergoes  a  rapid  increase 
in  BizCf  and,  us  a  consequence,  tbe  voice  becomes  deeper,  wbile  b&ir 
makes  its  appenrance  on  the  pubes,  in  the  axilla?,  and  on  the  face.  Tlie 
sebaceous  gbiurls  become  lar^^er  and  more  active.  In  the  male  of  the 
domestic  animals  the  appearance  of  procreativeness  is  recognized  by  tbe 
occniTence  of  tbe  eai«ibility  of  erection  of  the  penis  and  tbe  birth  of 
sexual  desires.  In  the  domestic  anirnak  in  a  state  of  nature  sexual  ex- 
citement occurs  in  tbe  male  only  at  definite  periods  of  tbe  year,  but  ioj 
domestication  this  makes  its  appearance  whenever  a  mature  male  is  in 
tbe  neigliljorhoud  of  a  female  of  the  same  species  when  in  beat* 

Impregnation, — Oul}'  those  mammalian  ova  become  developed  intoj 
embryos  which  are  fecundated  through  euntact  with  tbe  nude  6t>ermatic| 
element,  and  that  this  may  be  accompUsluxl  tbe  introduction  of  the| 
seminal  fluid  witbin  the  internal  gcnit.al  organs  of  tlie  female  is  rHsenlinh 
That  this  process,  which  is  termed  coition,  may  be  accomplished  the, 
erection  of  tlie  male  genital  organ,  the  penis,  is  essential  in  order 
permit  its  penetration  within  the  vagina  of  the  female. 

The  penis  is  composed  of  the  twocyliiidrieal  ccu'i>ora  cave mofta  with 
tbe  corpus  spongiosum,  |)erfomted  by  tbe  urethra,  lying  betwcjen  widl 
below  them,  these  tlirec  bodies  being  held  togctber  l>y  ftbron»  and  mns- | 
cukr  sheaths.     The  corf»ora  cavernosa,  and  to  a  less  extent  tlic  corpus  i 
spongiosum,  are  composed  of  erectile  tissue,  wblcb  consists  of  a  tendinous  1 
connect! \e-tissue   sheath   conlaiuJng  thickly  woven   elastic   tissue  aitd 
smooth  muscular  Jibrea,  forming  thus  a  fibrous  envelope;  while  Ibe  in- 
terior is  composed  of  numerous  fibrous  interlacing  tnibectda?,  the  s^Jaces 
l>eing  in  communication  with  the  veins,  and  are  thus  to  be  regimkHl  a$ 
venous  sinuses.     At  the  outer  |mrt  of  tbe  corpus  sp<mgio8um  some  of 
the  small  arteries  terminate  direelly  in  the  outer  venous  sinuses,  white ^ 
some,  however,  terminate  in  capillanes  which  ultimately  reach  tbe  venous! 
sinuses,  to  be  collected  again  in  the  venous  radicals  wbteh  converge  ta] 
form  the  dorsal  vein  of  tbe  penis. 

Erection  is  accomplished  by  tlie  overfilling  of  these  venous  Riniw^|!i 
while  the  engorgement  so  produced  by  compressing  the  outgoing  venousi 
trunk  serves  to  prevent  the   escape  of  blood  from  these  parts.     Tbe] 
overfdiing  of  tlie  blood-vessels  of  the  iicnis  results  in  a  three-  or  four- 
fold increase  in  its  volume,  wbile,  at  the  same  time,  a  higher  tempem- 
ture,  pulsatile  movement,  an  increased  consiBtence,  and  erection  of  the 
organ  results.     Tbe  first  phenomenon  in  the  production  of  erection  i#la 
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be  fouDd  in  the  dilatation  of  the  minute  arteries  through  the  action  of 

the  nervi  erigentes.  These  nerves  are  to  be  regarded  as  containing  vaso- 
diiator  fibres  which  are  in  connection  with  a  centre  in  the  spinal  cord, 
controlled  to  a  certain  extent  by  the  medulla  oblongata,  and  also  capa- 
ble of  being  reflexly  excited  by  impressions  made  upon  the  terminal 
filaments  of  the  sensory  nerves  of  the  penis.  The  centre  in  the  lumbar 
portion  of  the  cord  is  also  capable  of  being  conlroUed  by  various  other 
afferent  impulses,  especially  b}^  the  psychical  activity  of  the  cerebrum* 
When,  through  any  inipres?«ion  on  the  centre  for  erection,  the  blood-ves- 
sels dilate  through  the  action  of  the  nervi  erigentes,  the  completion  of 
the  act  of  erection  is  accomplished  by  the  action  of  several  tnmsversely 
striated  muscles.  The  ischio-cavernosus  muscle  arises  from  the  coccyx, 
and  by  its  tendinous  union  with  its  fi^Uow  from  the  opposite  side  sur- 
rounds the  root  of  the  penis,  and  b}'  its  contraction  eompresses  the  penis 
so  as,  to  a  certain  extent,  to  prevent  the  flow  of  blood  from  the  organ* 
This  muscular  action  was  at  one  time  supposed  to  be  the  main  factor  in 
the  aceomplishiueut  of  erection,  but  that  this  is  not  the  ease  is  proven 
by  the  fact  that  the  dorsal  vein,  lying  in  the  groove  between  the  two 
corpora  cavernosa,  is  protected  from  compression,  and  the  congestion  of 
the  oi'gan  is  by  no  means  due  to  the  complete  arrest  of  t!ie  venous  circu- 
lation. Otherwise,  in  certain  pathological  conditions  where  erection  is 
continuous,  gangrene  would  result  The  deep  transverse  muscle  of  the 
penneum  also  serves  to  facilitate  erection  by  compressing  the  deep  veins 
of  the  penis  as  they  come  from  the  corpora  cavernosa  between  ita  con- 
tracted horizontal  fibres;  while,  finally,  the  bulbo-eavernosng  muscle  com- 
presses the  bulb  of  the  urethra  and  so  assists  in  the  erection  of  the 
urethral  corpus  spongiosum.  That  erection  is  dependent  upon  the  nerv- 
ous system  is  proven  by  the  fact  that  section  of  the  nerves  of  the  penis 
will  prevent  erection,  as  has  been  experimentally  proven  in  the  case  of 
the  stallion. 

In  the  bull,  in  the  process  of  erection,  the  S-shaped  curve  disappears 
and  the  erected  organ,  protruding  from  the  sheath,  may  acquire  a  length 
of  a  meter  or  more,  while  the  increase  in  diameter,  owing  to  the  great 
development  of  the  fibrous  sheath  of  the  organ,  is  less  than  in  other 
mammals. 

The  erection  of  the  penis  has  simply  for  its  object  the  giving  such 
an  increase  to  the  rigidity  of  the  organ  as  lo  permit  of  its  introduction 
within  the  genital  organs  of  the  female. 

The  contact  of  the  sensitive  glans  with  the  rugre  of  the  vagina 
inaugurates  a  reflex  process  which  terminates  in  the  discharge  of  the 
seminal  fluid  through  the  urethra. 

In  this  process,  which  is  termed  ejaculation^  two  different  factora 
ftre  concerned.    In  the  first  place,  the  passage  of  the  seminal  fluid  to  the 
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vesiculfle  seminalea  is  causeil  by  the  newly  secreted  fluid  forcing  on^ 

through  the  itiQnence  of  the  oHiatcd  epithelium  and  the  peristaltic  actian 
of  the  vas  deferens,  the  fluid  already  foruicd  in  front  of  it ;  so  that,  there- 
fore, the  seminal  fluid,  being  continuously  formed  by  the  secreting  durfkce 
of  the  testicle^  is  gradually  puahed  onward^  even  in  the  intervals  of  sexual 
exoitenient,  to  tbe  vcsieuhe  semiiiales,  where  it  collects.  Ejaculation  U, 
however,  due  to  strong  peristaltic  eontruetion  of  the  vasa  deferentia  and 
the  vesicuhie  seminales,  due  to  the  reflex  stimulation  of  the  centre  in  tbe 
spinal  curd,  which  co-ordirmtes  the  muscular  phenomena  of  ejaculation. 
The  mechanical  stimulation  of  the  sensitive  integument  of  the  glans, 
through  action  on  this  eeiitre^  leads  to  rhythmical  contraction  of  the 
hulbo-caveniosus  muscles  and  to  strong  pertstakis  of  the  vasa  deferentia 
and  the  vesicuhe  semiuales^  which  discharge  their  contents  into  the 
urethra.  At  the  same  time  the  ischio-cavernosua  and  the  deep  transverse 
muscle  of  the  perineum  contract,  although  the  former  has  no  effect  on 
the  act  of  ejaculation^  aud  through  their  rhythmical  contraction  the 
seminal  fluid  is  projected  from  the  extremity  of  the  urethra.  The  degree 
of  stimulation  of  the  glans  which  is  required  to  start  this  mechanism 
varies  very  consideraljly  in  ditferent  animals.  In  all,  tlie  role  fulfilled  by 
the  male  is  an  active  process,  tiie  female  Ijcing  passive,  although  a  condi- 
tion somewhat  similar  to  that  of  ejaculation  also  exists  in  the  female*  It 
has  been  found  that  at  the  moment  of  ejaculation  a  reflex  movement  sets 
in  in  the  Fallopian  tubes  and  uterus  resulting  in  the  discharge  of  a  cer- 
tain amount  of  uterine  mucus  into  the  vagina.  This  is  followed  by  a 
rhythmical  contraction  of  the  spliincter  cunni,  which  is  the  analogue  of 
the  bulho-cavernosus  and  of  the  isehio-cavernosus  and  of  the  deep  trans- 
verse muscle  of  the  [>erineum,  while,  at  the  same  time,  the  uterus  is 
erected  by  the  contraction  of  its  muscular  fibres  and  round  ligaments^ 
at  the  same  time  descending  toward  the  vagina.  In  the  case  of  the  ball, 
ejaculation  occurs  almost  immediately  after  tlie  introiiuction  of  the  mate 
organ  within  the  vagina  of  the  female,  and  tlie  to-and-fro  movemeilt 
chamcteristic  of  the  process  in  other  animals  is  here  absent.  This  Is 
prolmbly  to  be  ex[>lained  by  the  peculiar  shape  of  the  penis  of  the  bulL 
In  the  first  place,  as  has  been  stated,  the  organ  increases  but  slightly  in 
its  diameter,  and,  as  a  consequence,  any  friction  of  the  body  with  the 
capacious  vagina  of  the  female  would  be  at  best  at  a  minimum.  In  the 
second  place,  the  glans  penis  of  the  bull  is  extremely  pointed,  and  it  has 
been  su imposed  that  the  glans  directly  enters  the  open  mouth  of  the  uterus, 
and  that  tlie  irritation  thus  produced  is  sntflcient  to  start  the  process  of 
ejaculation.  This  view  is  to  a  certain  extent  sui>)iorted  by  the  fact  that 
examination  of  the  female  ruminant  immediately  after  the  act  of  cupula* 
tion  will  disclose  the  presence  of  spermatozoa  within  the  uterine  cavity. 
This  has  frequently  been  determined  to  be  the  case  in  sheep,  where  the 
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process  is  simikr.  In  the  case  of  the  horse  the  process  is  more  pro- 
longed* Here  the  glaiis,  instead  of  Vteing  pointed  j  as  in  the  case  of  the 
bull,  ix>ssesses  a  considerably  larger  diameter  than  other  portions  of  the 
organ,  and  it  is  found  that  complete  erection  of  this  portion  of  the  penis 
does  not  take  place  until  after  the  introduction  of  the  organ  within  the 
vagitja  of  the  female.  The  penis  completely  fills  the  vagina  of  the  mare, 
and  more  or  less  prolonged  friction  between  its  surface  and  that  of  the 
penis  is  necessary  before  the  act  of  ejaculation  is  accomplislied. 

In  the  dog,  on  the  otber  hand,  tije  process  differs  from  what  lias 
been  described  in  either  of  tlie  other  groups  of  niamnials.  After  the 
introduction  of  the  penis  within  the  vagina  of  the  female  spasmodic  con- 
traction of  the  sphincter  cunni  muscle  sets  in,  and,  as  a  consequence,  the 
withdrawaf  of  the  male  organ  from  the  body  of  the  female  is,  on  account 
of  its  i>cculiar  8ha|ie,  rendered  im possible  until  almost  complete  relaxa- 
tion has  taken  place.  In  the  dog  the  process  of  relaxation  is  slower  than 
in  other  animals,  and  may  not  be  completed  until  within  half  an  hour  or 
even  so  long  as  two  hours  after  the  act  of  ejaculation.  In  these  animals, 
therefore,  after  the  act  of  coition  is  accomplished,  the  penis  becomes  in- 
verted on  itself,  until,  instead  of  projecting  anteriorly,  it  is  drawn  back- 
ward l)etween  the  hind  legs  of  tlie  animals  through  the  attempts  of  the 
male  to  leave  the  body  of  the  female,  and  the  two  posterior  surfaces  are 
kept  in  contact  by  the  imprisonment  of  the  male  organ. 

Ejaculation  is  accompanied  by  the  contraction  of  various  other 
muscles.  The  cremaster  muscle  elevates  the  testicle  within  the  scrotum, 
and  the  walls  of  the  urethra  contract  in  its  various  jwrtions,  serving  to 
compress  the  prostate  and  Cowper's  glands  and  so  cause  tlie  extrusion 
of  their  contents.  In  the  stallion  the  act  of  ejacuhition  is  accompanied 
by  a  rhythmical  contraction  of  the  muscles  inserted  into  the  tail.  By 
every  contraction  of  the  ejaculator  urinaB  muscles  the  muscles  passing 
from  around  the  anus  to  the  tail  are  compressed,  and,  as  a  consequence, 
the  rhythmical  motion  of  the  ejaculator  seminffi  is  communicated  to  the 
tail,  and,  therefore,  by  its  movement  affords  an  index  to  the  completion 
of  the  act  of  ejaculation.  After  the  act  of  copulation  is  completed  the 
male  organ  is  withdrawn  and  erection  gradually  disappears,  while  there 
may  be  an  escape  of  seminal  fluid  from  the  genital  organs  of  the  female. 
This  is  especially  ol>servable  in  the  case  of  the  mare,  where  it  has  become 
the  custom  immeiliately  after  the  completion  of  the  act  of  copulation  to 
either  load  the  back  of  the  mare  or  to  make  her  move  rapidly,  so  as  to 
prevent  to  a  certain  extent  this  loss. 

A  single  spermatozoon  is,  in  all  probability,  sufficient  to  fertilize  an 
ovum,  and  this  is  accomplished  by  the  entrance  of  the  spermatozoon  into 
the  ovum  by  a  boring  movement  through  the  vitelline  membrane,  either 
through  the  porous  canals  or  the  micropyle. 
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or^ran?*  of  the  female,  Sj^rmAiozoa  have  l^et^n  found  within  the  utei 
favit\'  of  the  dog  a  quaner  of  an  hour  after  the  act  of  copulation.  an< 
the  Fallopian  tube,  even  at  its  abdominal  end,  within  one  or  two  hoi 

The  sjicnnatozoa  retain  their  power  of  fertilizing  the  ovum,  ss  ii 
c.ite<l  by  tiie  persistence  of  their  power  of  movement,  for  as  h)ng  as  ei 
<iays  while  within  the  body  of  the  female, — a  period  which  is  abund.^nl 
I>ermit  the  rif^ening  and  discharge  of  an  ovum  and  its  contact  with 
Hf>ermaiozoa,  Even  if  copulation  takes  place  in  the  intervals  betw< 
the  maturing  of  the  ova,  fertilization  may,  nevertheless,  take  place. 

Asa  rule,  fertilization  of  ova  is  only  possible  from  the  contacl  w 
8f>erniatozoa  from  the  same  species;  yet  in  certain  instances  fertiliziiti 
may  take  place  between  different  species  of  the  same  genus  of  aiiinw 
as,  for  example,  between  the  horse  and  the  ass,  between  the  dog  and  1 
wolf,  l>etween  the  dog  and  the  fox,  between  the  lion  and  the  tiger,  a 
^x.•tween  the  rabbit  and  the  hare.  The  results  of  such  impregnation  i 
ft|)oken  of  as  hybrids,  and  possess  characteristics  midway*  between  1 
two  8f>ecies.  The  products  of  such  impregnation  are,  as  a  rule,  ban 
from  arreste<l  development  of  their  genital  organs  (testicle  and  ovar 

The  impregnated  ovum,  whatever  be  the  localit}*  in  which  impn 
nation  takes   place,  is  borue  to  the   interior  of  the   uterus,  there 
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undergo  the  changes  which,  starting  in  the  clevage  of  the  blastodermic 
membrane,  as  already  described,  terminate  in  the  development  of  the 
embryo.  When  such  a  fecundated  ovum  reaches  the  uterus  it  inaugu- 
rates certain  changes  in  the  mucous  membrane  of  that  organ.  It  has 
been  noticed  that  the  maturity  and  escape  of  the  ovum  is  accompanied 
by  congestion  and  swelling  of  the  uterine  mucous  membrane  with  the 
ultimate  solution  and  discharge  of  the  mucous  surface.  When  the  im- 
pregnated ovum  reaches  the  uterus  it  becomes  covered  by  a  membrane 
which  was  first  described  b}'  William  Hunter  as  the  membrana  decidua, 
because  it  was  removed  at  birth.  Three  different  divisions  of  tliis  mem- 
brane may  be  recognized.  The  decidua  vera  is  the  thickened,  highly 
vascular,  and  softened  mucous  membrane  of  the  uterus.  As  the  ovum 
reaches  the  uterine  cavity  it  becomes  fixed  (conception)  in  a  fold  of  the 
uterine  decidua  or  decidua  vera,  which  grows  up  in  the  form  of  folds, 
entirely  surrounding  the  ovum.  These  folds  finally  meet  over  the  back 
of  the  ovum  and  so  form  the  decidua  reflexa.  The  part  of  the  decidua  vera 
behind  the  ovum,  i.e.j  between  the  ovum  and  the  uterine  wall,  is  spoken 
of  as  the  decidua  serotina,  m  which  locality  the  placenta  is  ultimately 
formed.  The  ovum,  covered  with  villous  processes,  is  thus  entirely'  sur- 
rounded by  the  decidua,  and,  gradually  increasing  in  size,  remains  within 
the  cavity  of  the  uterus  until  mature. 

For  the  consideration  of  the  development  of  the  different  tissues  and 
orcrahs  of  the  embryo,  the  reader  is  referred  to  text-books  on  Anatomy  or 
Enibryolog}'. 
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Abdominal  muscles,  action  of,  in  expira- 
tion, 579 
Abducens  nerve,  833,  875 
Aberration,  chromatic,  855 

spherical,  854 
Abomasum,  structure  of,  320 
Absorption,  453 

by  the  lymphatics,  456 

by  the  skin,  656 

coefficient  of,  59 

of  fat,  456 

of  gases,  58 

of  tissues  for  colors,  68 
Accelerator  nerves  of  the  heart,  551 
Accessory  foods,  160 

muscles  of  inspiration,  578 
Accommodation,  mechanism  of,  859 
Acid  albumen,  98 

of  gastric  juice,  349 
Adamkiewicz's  test  for  proteids,  92 
Adhesion,  40 

Adipose  tissue,  formation  of,  120,  664 
Age,  signs  of,  in  domestic  animals,  262 

the  determination  of,  by  the  teeth,  255 
Air- vesicles,  571 
Ajutage;  influence  of,  518 
Albumen,  alkali,  101 

destruction  of,  in  starvation,  676 

factor  of,  673 

of  milk,  estimation  of,  634 
Albumens,  92 
Albuminates,  derived,  98 
Albuminoids,  104 

collagenous,  105 
Albuminous  bodies,  85 
classes  of,  92 
decomposition  of,  109 
general  characteristics  of,  88 

food-constituents,  fate  of,  660 
Alcoholic  fermentation,  147 
Alimentary  rations,  195 
Alkali  albumen,  101 

albuminate,  101 
Alkaline  phosphates,  130 
Amandin,  94 
Amble,  the,  746 
Ammonium  carbonate,  136 
AmoBba,  13 

digestive  processes  in,  204 
Amceboid  contractility,  14 

movements,  14,  '75 
Amphi arthroses,  729 
Amphibia,  brain  of,  804 

olfaction  in,  844 


Amyloid  substance,  102, 115 

Amylolytic  ferment,  112 

Amyloses,  112 

Amylum,  113 

Analysis  of  milk,  631 

Anelectrotonus,  780 

Animal  cells,  chemical  processes  in,  142 

foods,  188 

composition  of,  184 

heat,  693 

influence  of  nervous  system  on,  697 
of  difierent  animals,  696 

locomotion,  731 
Animals  and  plants,  distinctions  between,  5 

diet  of,  193 
Anode,  777 

Anterior  pyramids,  structure  of,  811 
Antipeptone,  409 
Aortic  valves,  action  of,  514 
Arabin,  120 
Arabinose,  120 
Area  opaca.  21 

pellucida,  21 
Arterial  blood,  characteristics  of,  597 
gases  of,  592 

tension,  526 

tonus,  ft57 
Arteries,  blood  pressure  in,  528 

circulation  in,  523 

elastic  tissue  of,  525 

influence  of  the  nervous  system  on,  552 

muscular  coat  of,  525 

physical  structure  of,  524 
Arterioles,  circulation  in,  538 
Articulata,  nervous  system  of,  767 
Articulations,  classification  of,  729 
Arthrodia,  730 
Asphyxia,  604 
Ass,  larynx  of,  760 
Aster,  17 

Atropine,  action  of,  on  heart,  543 
Audition,  875 

Auditory  apparatus  of  birds,  876 
of  fishes.  876 
of  reptiles,  876 

canals,  880 

nerve.  834 
Augmentation,  785 
Auricle,  877 
Auricles,  contraction  of.  503 

muscular  fibres  of,  501 
Auriculo-ventricular  valves,  action  of,  510 
Automatism,  765,  784 

of  protoplasm,  14 
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BaII -and -socket  iomt^  730 
Barley -br&n,  171 

oomposilion  of,  170 

»tmw,  171 

Bafi&l  gftjsglia  of  tb©  bmin,  development  of, 
807 
fuuciiona  of,  822 
Bask  cniris.  HW 
Beef-tea,  compoeiiioa  of,  190 
Beet  residtie,  IS^ 
BeeU,  174 
Bile.  3S2 

acid,  prepftration  of,  3S5 

ft*nd8,3S4 

cbemical  characteristics  ot  3S3 

oolormg  matlera  of,  3S7 
test  for.  388 

composition  of.  383 

CiyiUllised  prepftnition  of,  3So 

lAoi^aiiic  constituents  of,  390 

pbyeiokgicul  actioa  o(  363 

salta.  test  for,  3^5 

eecretion  of,  391 
Biliary  fi'atulff^  394 
Bitimbm,  3$8 
BiUverdin,389 
liirrU,  aiiditorv  apparatus  of^  S76 

bram  of,  '804 

digestive  appa-ratos  of.  211 

g^tric  iiiige*tioQ  in.  379 

nervouB  e jetem  of,  770 

olfiMtion  m*  844 

brgftna  nf  circnlatbn  in,  497 

production  of  Round  in,  759 

I'ejiroJiJt'tifjti  ill,  tKlfi 

r^;3^|i!nitiriry  jif^paratua  of,  568 

viiiRjn  in/849 
Bio  ret  reaction  of  proteids,  91 
Bly-Pttyma,  IOj 
BliwtOHj&rm,  2G 

chjiii^fes  m  form  in  impregnation^  22 

s<iction  it.  21 

Begmentation  of.  22 
Blaatoderniic  vesicle,  25 
Bliiait^'porp,  25 
Blood;  101* 

abflor^itinn  of  carbon  diojcide^  595 
of  i^iiJ^ep,  r»E>2 

circalation  of  491 

coaptilatifin,  48.'^ 

composition  of,  471 

con  11  ?c  1 05,  27 
re. 1.471,  474 
wliiLl^  470 

cry?  til  li^,  475 

eurrent,  v^iodtv  of,  530 

gasoH  of,  490,  5&2 

pliii^mrt,  |R:.i 

pl&t^'i,  483 

presaaro,  525 

pxprnmptit,  ii20 

in  nrtf'ri/'ft,  528 

in  d life rt: lit  juammak,  530 


feenun,  4ii»U,  595 

teoiioa  of  gftKB  m,  596 
Bone-corpuficlen,  29 
Bone,  develop m an t  of,  35 
Bonea  of  tbe  eiy,  S8$ 

heart.  509 
Bfao,  barley,  171 

Branching  tubes,  flow  of  Bqmd«  ifi,  521 
Braio,  developmeot  of,  SOS 

fanctiona  of,  803 

of  mam  mail*,  ft09 

rnvs  of,  in  diieretit  Bnimals.  B09 

weigbt  of,  in  diffarent  animals,  SO0 
Bre&d,  composition  of,  165 
Brewers'  graina,  179 
British  gum,  1 16 
Bronchi,  stmetnre  of,  570 
Brunoer  «  glands,  416 
Buckwheat,  171 
Back  wheat' meal,  172 
Bnckwbftat-etraw,  172 
Budding,  16 
Bulba  and  rttote,  174 
Burdach,  column  of,  7S7,  797 
Butter,  617 

e^tinrntioo  of,  63S 
Buttermilk,  183 
Butyric  acid,  122 
Butyrln,  122 

CH^al  fiptolaa,  428 
€Wimi,  221 

funsrtioDfl  of.  423 

frecrt-tion  of.  428 

Ktrticture    f,  42tJ 
Calcium  cnrbnnfite.  130 

fluaride,  136 

pboii|ihat*?.  133 

(sulphate,  13B 
Cana-j*ugar.  113 

pa^stnc  digestion  of,  354 
Cfint4.r,  751 
Capillarie"*,  blood  pre^pure  in,  53S 

circulation  in,  53ti 

development  of.  34 

of  the  lung,  571 

Btnicture  of,  536 
Cttpillafity,  40 

Cftplttjiry  phenomena,  esplanation  of  4^ 
Carbob}  dratti  food-eonetttuout*,  fete  oi  ^ 
Carbokydratt^s,  112 

action  of  panoreatic  juice  on,  406 

aa  eourei?s  of  fat,  fy^^ 

constructi€>n  of,  85 

^iiBtric  djgeptioo  of,  354 

intluence  of.  on  nutriiion,  683 
Carbonate  of  ammonium.  136 

of  t-akitim,  130 

of  magnesium,  130 

of  potajssmra,  129 
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Carbonate  of  sodium,  129 

Carbon  dioxide,  absorption  of,  by  blood,  595 

Cardiac  contraction,  phases  of,  508 

ganglia,  541 
Cardiograph,  506 
Cardio-inhibitory  centre,  551,  816 
Carnivora,  characteristics  of,  196 
urine  of,  637 

dentition  of,  254 

digestive  power  of,  436 

feces  of,  446 

foods  of,  160 

gastric  digestion  in,  360 

mastication  in,  239 

prehension  of  food  in,  235 

stomach  of,  215 
Cartilage,  fibrillar,  35 

fibro-,  35 

forms  of,  29 

hyaline,  35 

structure  of,  35 
Casein.  102.  614 

estimation  of.  634 

gluten,  94.  95 

mode  of  formation  of,  627 
Caseins,  vegetable,  94 
Cat-fat.  123 
Cathode,  777 

Cattle,  normal  foods  for,  690 
Cell-constituents,  inorganic,  123 

nitrogenous  organic.  88 

non -nitrogenous,  112 
Cell,  contents  of,  12 

variation  in.  29 

definition  of.  13 

doctrine,  15 

formation,  endogenous,  17 
free,  16 

membrane,  13 

nucleolus  of,  13 

nucleus,  13 

pigment,  motions  in,  75,  76 

polar.  18 

typical,  12 
Cells.  11 

chemical  constituents  of,  85 

chemical  processes  in,  136 

ciliated  epithelial,  77 

developn^ent  of  force  in,  147 

difference  in  size  of,  27 

endogenous  formation  of,  16 

epiblastic,  25 

form  of.  27 

ceneral  properties  of,  12 

nypoblastic,  25 

inorganic  constituents  of,  86 

mechanical  movement  in,  70 

modification  in  the  form  of,  26 

of  spinal  cord,  27 

origin  of,  14 

physical  process  in,  37 

protoplasmic,  movements  in  contents  of, 
73 


Cells,  reproduction  of,  16 

water  of.  86 
Cellular  chemistry,  85 

physics,  37 
Cellulose,  114 

digestion  of,  429 
Cement,  structure  of,  246 
Centre,  cardio-inhibitory,  561,  816 

cilio-spinal,  795 

for  closure  of  the  eyelids,  816 

for  couching.  817 

for  deglutition.  817 

for  dilatation  of  the  pupil,  817 

for  gly oogenesis.  817 

for  inhibition  of  reflex  action,  793 

for  micturition,  649 

for  respiration,  816 

for  secretion  of  saliva.  817 

for  sneezing,  816 

for  suckling  and  mastication,  817 

for  vomiting.  817 

of  gravity  of  animals  731 
Cereals.  163 

Cerebellar  peduncle,  results  of  section  o( 
827 

tract,  797 
Cerebellum,  functions  of,  825 

structure  of,  818 
Cerebral  convolutions,  804 

cortex,  functions  of,  824 

hemispheres,  809 

lobes.  804 

functions  of,  823 

peduncles,  functions  of,  821 
Cerebrin,  775 
Cerebrum,  structure  of,  823 

functions  of,  824 
Chameleon,  movements  of  pigment-cells,  75 
Cheeks,  action  of,  in  mastication,  264 
Cheese.  188 
Chemical  constituents  of  cells,  85 

phenomena  in  respiration,  587 

processes  in  animal  cells,  142 
in  cells,  136 
in  vegetable  cells.  137 
Chloride  of  magnesium,  136 

of  potassium.  128,  129 

of  sodium,  128 
Chlorophyll,  functions  of,  136, 137 
Cholestenn,  389 
Cholic  acid.  387 
Chondrin,  107 
diondrogen,  107 
Chorda  tympani,  influence  on  salivary  Be- 

-cretion.  298 
Choroid  membrane,  849 
Chromatic  aberration,  855 
Chyle,  459 

composition  of,  461 

movement  of.  462 
Chyle-vessels,  457 
Chyme,  characteristics  of,  419 
Cicatricula,  20 
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influence  of  iicid»  on,  80 
alkalies  oa,  81 
ftiiii«tiietiOH  OD,  St 
imbibitioD  on,  80 
meciiaiiical  fore©  of.  7S 
proto|;tlflszDk  naiiUB  oi^  SI 
t«iaperfttiir«  on^  80 
li«iTes,  863 
Cilifttfid  epitbf^lid  celh,  77 
ClUVsf>iit»l  centre,  795 
OireuliUicm,  hydrntilie  prineipl^i  of,  516 
Otttenation  of  daralioa  C^t  631 
in  «rtodae,  523 
In  firiiet,  194 
mfluenee  af  Dorront  si'st^iii  tm^  &iO 

of  the  rwpiratiou  od,  G05 
In  tnftminali,  4m 
m  the  cftpilla^rii^,  636 
in  the  ir«uiR,  t53@ 
of  IvHiph.  4d7 
of  the  blopfi.  491 
organsi  of  4^11 
Hipidilv  of,  5H1 
dArkoacofomo,  799 
Cl*»v*gr!  of  ov«m,  16,  1^ 
Ciov«r,  Of^mjKmUfm  i>r  ]!J7 
CoftfUlatcd  prottfuU,  102 
COftgubtton  of  blcKxl,  4S3 

of  milk.  014 
Cocbkik,  S77 
Coehle&r  Qenre,  6S2 
Ca-effici«^Tit  of  absorption  of  gases^  S& 

Cohesion   :> 

of  M->fiui.'t'.  f\2 
Cold,  ftj  ti'Hi  i«f  tm  lieart,  548 
Collagerj.  l(^> 
Colla^f^noiis  alburn innids,  105 

To  Ion,  fmHii-mi^  of.  ^\'Jii 

eor 1 11  *•«'!'*«!.  'Vlu 
ComprtrutKr  ].hv<'inliicy,  fkiiTiiiion  €>f,  1 
i'nrnf'l»'th<'rU;d  vnluTtU"  t^f  :i!r,  dT-'^ 

Cnirlvit'ijo!)  ui  tiu' s^^'iiml  cord,  7^5 

Conglutui,  itl 

CoflDP<  [tv<*  tiK^ih*  c+mstituenta,  104 

Const! II hni*i  nf  fund  fale  of^  tMM 
Conlpril-  of  rats.  Ill 

fontrii' nKty  ^'t  yrMryvhv^m,  14.  70 
ConvMluliunK  i4  \\n3  LfHiu,  6U4 
Co  orditt^>tMit>,  7>5 
^op|1^r  li^«'« 

Cor  J  torn  I'lL^^TTiina.  ^^7 

iVui'ihJQsof,  «22 
ftrnitu,  ^07 
Corpt^cka  of  bone,  29 


Corpus  kteam.  ?13 

Crorpus  ftihiitum,  faoetionE  #t  §22 

Corles  of  tJie  bnuii,  functioEU  ol^  fiS 

Corti'a  org*Q,  8^2 

C<»tton-Beed  c^ke,  IBS 

Coughing,  6<35 

ceo  ire  for,  SI? 
Cranial  D«rvf«,  832 

origitj  of,  S12 
Cr^m,  617 

compofitioii  of,  €13 
Crop,  funciiont  of,  380 
Crarft  cerebri,  818 

funcUQhM  of,  821 
Cfyiac,  605 
CrjiUlliD,  97 
Cry  lUJ  line  hnw,  840 
Cataneooi  ftbBoiTtioQ,  656 

functioDA,  t^l 

reAplmtioii,  658 
CyclosiB,  73 
Cjrtoblafti,  16 

BdcompoFs'ition  of  the  albumisotis 

109 
D«ctif«atioD  of  pyramids,  810 
IMwavboD,  451 
BflgluUtion,  307 

centre  for,  817 
DenUl  formaU,  25$ 
Dentine,  Atrocture  of,  246 
Dentitioa  in  domostic  animab, 

in  berbi^'ora^  25S 
Depressor  ttf^rire^  f]60 
Di^nved  ivlbummatj?^,  98 
Devt:b>pm*^!it  of  borif?,  35 

^(  tissue,  eiplan^itifin  of,  15 

of  tL^'ftifeD  and  organs,  31 
Deitrsn,  im 

tt'M  for.  116 
D<*xtru!?e,  117 

DaiiJ.^le^,  pri><lndion  of,  672 
Diabetic  ofOtre,  671,  817 
Duilvtiift,  5.1 
Diapp.Ui^LS  5,'^!^i 
Uiiiribnigop,  7:!9 
Diartbrosis  roiatnrjii.  730 
Dia.«tftMc  fitrtnt'iit  of  tbe  liver,  GH 
Diasltr,  17 

Dicrotic  w  a  yp,  ex  pi  a  nation  of,  53^ 
Ihf'i  of  animal?,  193 

D  t  tTa  ^  10  n ,  a  |  *  p  1 1  cat  ion  of  to  re^p  iration ,  59^ 
Diffusion  of  ^iL^eJ^,  5*3 

in  the  rinimal  organifiEQ,  60 

in  tbe  luu^,  5^2 

thrniieh  jvoroms  partitions,  53 

of  li<^ni'K  49 
Digasiric  ninFcle,  fimcliona  of  in  iruibtf^ 

tton.  242 
Difie^tibdity  of  food-alTifia,  432 
Digi^tion,  2<>;5 

Caiitric.  337 

m  the  raoiath,  26S 
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Digestion  in  the  small  intestine,  382 
Digestive  apparatos,  characteristics  of,  203 

co-efficient,  435 
DionsBa  muscipula,  movements  of,  72 
Dioptric  mechanisms  of  the  eye,  851 
Distillery  mash,  180 
Diuretics,  mode  of  action  of,  647 
Division  of  nucleus,  17 
Dog,  dentition  in,  260 

fat,  123 

larynx  of,  761 

urine  of,  640 
Dogs,  diet  of,  362 
Double  refraction,  68 
Drinking,  mechanism  of,  236 
Dry  fodder.  162 

composition  of,  184 
Duodenal  follicles,  416 
Dyspnoea,  603 

Ear-ossicles,  880 

movements  of,  888 
Ear,  structure  of,  877 
Egg-albumen,  93 
Egg  of  hen,  formation  of,  20,  21 
Egg-osmometer,  55 
Eggs,  composition  of,  190 
Egg-yelk,  structure  of,  20 
Elasticity,  co-efficient  of,  66 

of  tissues,  65 
Elastic  tissues,  35 

tubes,  flow  of  liquids  through,  522 
Elastin,  108 

Electrical  phenomena  of  tissues,  70 
in  muscle,  721 
in  nerves,  779 
Electricity,  influence  of,  on  nerves,  777 
Electrotonus,  780 
Elementary  organisms,  11 
Enamel,  structure  of,  245 
Enarthrosis,  730 
Encephalin,  775 
Endogenous  cell -formation,  16 
Endolvmnh,  881 
Endotheha.  33 
Ensilage,  177 
Enzymes,  111 
Epiblast,  23 
Epiblai>tic  cells,  25 

spheres,  24 
Epithelial  cells,  28 
Epitheliums,  structure  of.  33 
Erection,  mechanism  of,  916 
Esparcet,  176 
Eustachian  tube,  880.  890 
Expiration,  mechanism  of,  578 
Expired  air,  constituents  of,  588 
temperature  of,  588 
watery  vapor  of,  588 
Extensibility  of  tissues,  66 
External  intercostal  muscles,  action  of,  in 

inspiration,  577 
Eyeball,  muscles  o^  874 


Eye,  development  of,  848 

formation  of  image  in,  857 

refraction  in,  858 
Eyes,  composite,  847 

structure  of,  848 

Facial  nerve,  834 

Fssces,  composition  of,  445 

Fat,  absorption  of,  456 

feeding  with,  682 
Fat-ferment,  112 
Fat  of  milk,  production  of,  626 

influence  of,  on  nitrogenous  waste,  677 
on  nutrition,  680 

metabolism  of,  673 

sources  of,  665 
Fata.  120 

action  of  pancreatic  juice  on,  406 

composition  of,  123 

detection  of,  121 

factor  of,  673 

of  milk,  617 
Fattening  animals,  foods  of,  687 
Fatty  acids,  construction  of,  85 

constituents  of  food,  fate  of.  664 

tissue,  formation  of,  664 
Feeding,  nutritive  processes  in,  680 

proper  intervals  between,  689 

witn    carbohydrates,    nutritive    pro- 
cesses in,  683 

with  meat,  nutritive  processes  in,  680 
Fenestra  ovalis,  880 

rotunda,  880 
Ferment,  amylolytic,  112 

diasUtic,  112 

fat.  112 

fibrin,  487 

inversive,  112 

milk-curdling,  112 

of  the  liver,  112,  671 

proteolytic,  112 
Fermentation,  alcoholic,  147 

of  lactic  acid,  147 

in  small  intestine,  418 

putrefactive,  147 
Fermentations,  145 
Ferments,  110 

of  the  pancreatic  juice,  403,  404 

soluble.  110 
Fertilization  of  ovum,  result  of,  15 
Fibrillar  cartilage,  35 
Fibrin,  98,  488 

ferment,  487 

formation  of,  485 

gluten,  95 

vegetable,  95 
Fibrinogen,  97,  487 
Fibrinoplastin,  487 
Fibro-cartilage,  35 
Fibrous  tissue,  35 
Filtration.  48 

in  the  kidneys,  644 
Fishes,  auditory  apparatus  of,  876 
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circulation  ia»  4U4 

digefetive  apparatas  of,  210 

eyes  of,  849 

ner^^oui  syntera  of,  770 

olfifcctory 'apparatufl  ia,  844 

ftf production  in,  £K)4 

respiTatory  appatatUB  of^  566 
FiBtuk,  gafitne,  ^I 

pancreatic,  39S 

imrotid,  275 

eubmfLxillary.  270 
Flexibility  of  tsHsues,  67 
FluBtra>  digeativ^  apparataf  of,  205 
I'odderB,  amouuts  of  sal  La  in,  B7d 

change*  in,  176 

composition  of,  1S4 

dry,  162 

l^reen,  162 

influence  of  cliopping  on,  6SS 

nutritive  proportions  in,  685 
Footl^  action  of  gastric  jmce  on,  351 

c&rbohyd rates  fate  of,  666 

eonistilueots,  albuiDinouB,  fate  of,  660 

for  cattle,  honm,  »beep,  and  swine, 
690 

prebeniion  of.  236 

product*,  comtrt:«iitioQ  of,  1S4 

required  by  tht?  herbivora  under  dif- 
fereni  ooiwiitions,  684 

stuffii,  digestibility  of,  432 
Foods,  157 

animaK  1S9 

inorgiinic,  191 

nntritivo  valuer  of,  685 

of  animals,  153 

of  carnuora,  IiiO 

of  htubivora,  If  10 

veg-'lable,  161 
Force,  consiimfilion  of,  in  cells,  147 

develupmeiil  uf,  ill  \:t:]hy  117 
Foniiiitto  reticnlarip,  81 1 
Form  of  celh,  modificjilron  iHp  26 
Froe.  beiirt  of  50:3 
Frohde  rt  tfwt  for  ]>rr>tpidg,  92 
Fructtvora,  chjiriicteri^tici^  uf^  IB7 
Funi^tionss,  animal.  8 

dtfinitioii  of,  fl 

nutnlive,  155 

of  relation,  cjpfinihon  of,  8 

rfipradurtivi^,  K,  901 

ejitcitiltziition  of,  \^.  32 

VPCTctatiVP,  rlrhditina  of,  8 
Funic  111  11!*  LHiTHMtu^,  71*7 

gracilifl,  HI  it 

naitrtof  tlic  h>^:>.',  739 

riallon   711) 

Cianglia  of  the  lioart,  541 

sporadic.  7^1* 
(Janglion  cell,  27 
Ganglionic  cells,  structure  of,  772 


1 


Gaa^us  d  I  fuel  on,  50 

m  the  animal  otganism,  60 
tbrougb  petrous  parUtioas,  58 
Gaeei,  absorption  of,  5S 

of  blood.  490 
Gaetric  digestion,  337 
in  birdfi,  379 
in  camivoim,  ^60 
in  omnivom,  3^ 
in  the  borse,  3tJ8 
in  ruminftnUt,  374 
fiitala,  342 

glands,  cbaog^s  of,  in  digfittioOt  S5j 
juice,  acid  of,  349 

action  of  on  food,  361 

artificml,  341 

cheraintry  of,  342 

indue  nee  i^f  nervous  HVtteoi   on, 

360 
meebaniitn  of  feeretlcm  of)  360 
secTction  of,  356 
movetnents,  340 
Gelatin,  106 

vegetable,  96 
Gelatinous  tii^ae,  35 
Gomfuation,  16 
Genimiparotia  generation,  903 
General  phyKiology.  dpfinition  of,  1 
GeueratJou  by  fission,  tK)3 

by  sporef ,  903 
Germinal  dink  of  btn'e  egg,  2S 
tpot,  15 
vwiclo,  15 
Gestation,  dnration  of  in  different  ft-nimalij 

907 
Ginglynitiufl  joint,  730 
(jiJi^afd,  funerions  of,  381 
Gbindfl,  inamioiiiy,  pinicture  of,  624 
of  Ktomacli,  tububir,  356 
structure  *^f,  36 
Glandular  tisau€,  34 
(Ihadm.  96 
Globulini*,  9n 

vff|^t'iiibk\  97 
GlnmfTiiliJs,  functions  of,  642 
G 1 V tisjo- J ^ha r y  n ^va I  ucr v e ,  H 34 
GloLtifi,  luuvt'iiicnts  uf,  7+12 

in  refipirHLion,  579 
Glucose?,  117 

tests  for,  lUS 
Ghioo^ides,  117 
<.flut^?n,  95 

I'di^f-iii,  95 
fibnn,  95 
^Uyn^nn.  122 
Glv^^'^rvl,  121 

'  <;]'.,...;  ;>: 

'    (^ryoorhnl.  387,  6(U 
I   Glycooholale  of  Ho.lium,  384 
(ilycochohc  acul,  380 
Glycopon,  nC) 

oil  a  ract  eristics  of.  BOS 

iniluenco  of  the  nervous  system  on,  671 
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Qlycogen,  origin  of,  669 

preparation  of,  668 

relation  of,  to  diet,  669 
Glycogenic  centre,  817 
Glycogenesid,  667 
Goat  and  sheep,  urine  of,  640 

prehension  of  food  in,  235 
Goll.  column  of,  787, 797 
Graafian  follicles,  909 
Graham's  law  of  the  dififasion  of  gaaes,  58 
Grains  and  fruit«,  composition  of,  184 
Granivora,  characteristics  of,  197 
Granulose,  114 
Grape-sugar,  117 
Grasses,  175 
Green  fodder,  162 

composition  of,  184 
Growth  of  protoplasm,  14 
Gustatory  cells,  894 

nerves,  896 

Haemoglobin,  475,  593 

reduced,  594 

spectrum  of,  594 
Harder's  gland,  850 
Hauling,  mechanism  of,  755 
Hay,  composition  of,  187 
Hearing,  lunction  of,  883 

sense  of,  875 
Heart,  accelerator  nerves  of,  551 

action  of,  499 
heat  on,  547 

changes  of  shape  in  contraction,  505 

inhibitory  nerves  of,  549 

intrinsic  nervous  system  of,  540 

movements  of,  502 

in  mammals,  503,  504 

of  frog.  502 

of  mammals,  498 

of  ox,  509 

sounds  of,  514 

structure  of.  500 

tetanus,  547 

work  of,  532 
Heat,  action  of,  on  heart,  547 

animal,  693 

centres,  698 

modes  of  loss  of,  696 

sources  of,  691,  696 

symptoms  of,  in  animals,  911 
Hemipeptone.  409 
Hen's  egg,  structure  of,  20 
Herbivora,  characteristics  of,  197 
urine  of,  637 

digestive  power  of,  436 

faeces  of,  446 

food  required  by,  684 

foods  of,  160 
Hiccough.  604 
Hippuric  acid.  663 
Hog.  composition  of  bile  of,  384 

larynx  of,  761 

structure  of  stomach  of^  363 


Hogs,  food  required  in  fattening,  688 

normal  foods  for«  690 
Holoblastic  ovum,  19 
Homocerebrin,  775 
Horse,  dentition  of,  253 

fat,  123 

gaits  of,  739 

gastric  digestion  in,  368 
juice  of,  370 

glottis  of,  760 

mechanics  of  the  limbs  of,  739 

normal  foods  for,  690 

power,  755 

prehension  of  food  in,  234 

respiratory  movements  of,  582 

tongue  of,  233 

urine  of,  638 
Human  physiology,  definition  of,  1 
Hunger,  692 
Hyaline  cartilage,  35 
Hydra,  digestive  processes  in,  205 
Hydrates,  formation   of,  from  anhydrates, 

146 
Hydraulic  principles  of  the  circulation,  516 
Hydrocarbons,  120 

construction  of,  85 
Hydrochloric  acid,  135 
Hypermetropia,  861 
Hypoblast,  24 

division  of.  25 
Hypoblastic  cells,  25 

spheres,  24 
Hypoglossal  nerve,  835 

Imbibition,  44 

influence  on  ciliary  movements,  80 
on  protoplasmic  motion,  82 
Impregnation,  91o 
Incus,  880 
Indican.  412 
Indol,  411 
Infusoria,  ciliated  movement  in,  77 

digestive  processes  in,  204 
Inhibition,  785 

Inhibitory  nerves  of  the  heart,  549 
Inorganic  cell-constituents,  123 

constituents  of  cells,  86 

foods,  191 
Inosite,  118 
Insects,  digestive  apparatus  of,  207 

eyes  of,  847 
Inspiration,  mechanism  of,  574 
Intensity  of  sound.  758 
Intercellular  tissues,  34 
Intercostal  muscles,  action  of,  in  inspirt 
tion,  577 

nerves,  influence  of  on  respiration,  591 
Intestinal  digestion,  382 

in  different  animals,  419 

fistula.  416 

juice,  416 

action  of  on  food*stu£b,  418 
characteristics  of,  417 
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latestinttl  reaction,  421 
iDUfilmeB,  churacterbiii^  of,  217 

farm^ntdtioja  in,  418 

krge,  digefitioEi  in,  4^ 

movements  of,  44S 

muscular  structure  of,  44S 
Inulin,  lia 

Inyereiv©  fennent,  112,  418 
Invert-sugar,  US?,  41S 
Iris,  849 

muscnlar  fibree  of,  SQ2 
Iron, 13^ 
IrradifltioEi,  871 
irritability,  jnascular,  709 

of  muscle,  influonce  d"  temperattire  on, 
719 

of  nerves,  77B 

Ja<;obBoo*B  organ,  843 
Jawfl,  movemeutfl  of,  241 
Joints,  formation  of,  720 

gliding,  7:iO 

bingfsd,  730 

rotatory,  730 
Jumpiug,  mc^chtLDism  of,  in  mm,  7^S 

Rar?okinesif,  17 

Katli  electro  tonus,  780 

Keratin,  109 

Kiekiag,  753 

Kidney,  ^tructnTo  of,  640 

Kidney i  and  skin,  correktion  td,  6^ 

Kreatm,  formation  of,  661 

Lnbyritilli  of  the  ear,  880 

lachrymal  apparatQa  of  mamtnals,  850 

duel,  BSD 

secrt^lion,  65S 
Lacteal 9.  4^7 

lioctic  acid  fermentation,  147 
Lactose,  120 
Lfffvulose,  118 
LardiLcein,  102 
Large  iiite-^tine,  digeiition  in,  423 

Ptructure  of,  4'10 
Larva*,  rli festive  apji&ratus  of,  30f5 
Laryn^pal  mupclefi,  action  of,  762 
LkH^vrix.  nervef!  of,  704 

"of  lira?,  760 
Latt?!it  |ipnnd  m  muscular  contraction,  713 
LiiUphiri];.  '505 
Leeithiii    LSI 
Lc^umEr],  94 
LettUKiiiioiif  plants  173 
LfMJH,  artmn  of,  HfjIJ 
Lcii»<>'.j,  fi  inn  id  ion  of  imagf^  by,  R57 
Li^fk'in,  410 
Li.'Viilur«3  cot^hinun,  iietion  of  iu  in&pira- 

tinn,  .^77 
Ift^vrr  innnoii  of  mLi3cle,d,  725 
lit'verr*,  TJl 

l*(i'li*'rkiihn'R  RUinds,  4H> 
Light  J  rtticcLion  of,  8oi 


Lignin,  115 

Lips,  &c,tiou  of,  in  mastication,  2S4 
Liquids,  cohefliofi  of,  $9 
diffusion  of,  49 

iow  of,  through  elaitic  tnbei,  5^ 
rigid  tubeu,  618 
-   aurface  tension  of,  39 
Liver  ft^rment,  112,  671 

glycoeenic  funetion  of,  067 
Lobes  of  the  brain,  804 
LocaliKatioQ  of  the  functions  in  tli«  cortex^ 

82S 
Locomotion,  animal,  731 
Lunga,  diffueion  of  gasee  in,  5B2 
Lying  down  and  rising  mp,  medianiBm  of, 

754 
Lymph,  4B3 

circulation  of,  467 
Lymphatics,  abaorptiori  of,  45S 

Macula  lutea,  8B5 
Magneifiiim-animouiuiii  phoepbaU,  130 

carbonate.  130 

chloride,  136 

|>hoBpbate,  134 
Malkufl,  880 
Maltose,  130 
Mamiualiw)  heart,  4^ 

ovtim,  changes  in,  from  imprfgnalion, 
24 
iPMentation  of,  19 
Mammili^,  Grain  of,  800 

circulation  io,  497 

digestive  appuratufl  of,  213 

movemeuta  of  ihf*  besirt  in,  503 

ocular  a  J 'pa  rat  II?  in,  hA9 

process  of  feiundjition  m,  904 

reprotluction  lu,  906 
Mammary  glamis,  hii^tologit^al  cbangf«  in, 
628 
iime*rvation  of,  629 
structure  of,  fi24 

Bflcretion.  <]t>y 
Manganese,  136 
Manometer,  -'^ti 
Mauyplitii^,  fniirtionfl  of,  377 

Mructure  of,  319 
Marey'B  tambour,  5&1 
Marv^aric  acid,  122 
Jlarganu.  122 

Mit^set't  iiRiKi  ]<*,  action  of,  243 
Maaticalion.3:''H 

reTStre  for,  H7 

duration  of,  2<^*> 

intiiience  of  f^aliva  on,  267 
Meal,  bnckwhcat,  172 
Meat,,  IH.H 

compo«=ition  of,  180 

untrttive   pna^es^fti    of    feeding    writb, 
6NJ 
Mechanical  movement  in  cells.  TO 
Moconmtn,  compopition  of.  -445 
Medulla  oblongata,  SiO.Sie 
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Medulla  oblongata,  course  of  fibres  of,  818 

functions  of,  814 
Membrane  of  cells,  13 

vitelline,  15 
Mesenceplialon,  803 
Mesoblast,  23,  25 
Mela-albumen,  103 
Micturition,  centre  for,  649 

mechanism  of,  648 
Milk,  188 

cistern,  624 
coagulation,  614 
curdling  ferment,  112,  347 
action  of,  615 
of  pancreatic  juice,  411 
gases  of,  619 
gastric  digestion  of,  354 
globules,  610 

influence  of  albuminoids  on,  622 
diet  on  quantity  of,  622 
fat  on,  623 
water  on,  622 
inorganic  constituents  of,  619 
inspection  and  analysis,  631 
of  different  animals,  composition  of, 

613 
physical  and  chemical  properties  of, 

610 
quantity  of,  620 
reaction  of.  611 
secretion  of,  609,  624 

influence  of  nervoos  system  on, 
629 
skimmed,  619 
solids,  estimation  of,  633 
sugar,  120,  616 

estimation  of,  634 
origin  of,  627 
uterine,  610 

variation  in  Uie  quantity  and  compo- 
sition of,  619 
Millon*s  reaction  for  proteids,  91 
Mimosa  pudica,  71 
Mitral  valves,  509 
MoUusks,  digestive  apparatus  of,  209 

nervous  system  of,  767 
Motion  from  imbibition  in  cells,  70 
Motor  centres  of  the  cortex,  825 

impulses  in  sj)inal  cord,  path  of,  801 
Motory  impulses,  paths  of,  829 
Mouth,  digestion  in.  268 
Movement,  ciliary,  77 
j)hysiology  of,  701 

protopla.**mic,  general  conditions  of,  82 
Movements,  amoeboid,  75 

from  imbibition  in  cells,  70 

of  cell  contents,  70 
in  cells,  70 

in  protoplasmic  contents  of  cells,  73 
of  intestines,  448 
of  stomach,  340 
of  the  heart,  502 
Mucedin,  96 


Mucoid  tissue,  35 
Mulberry  mass,  15,  19 
Muscarine,  546 
Musoin,  104 

characteristics  of,  105 
preparation  of,  105 
Muscle,  accessory,  578 
analysis  of,  709 
chemical  com{K)6itioa  of,  704 

processes  in,  708 
coagulation  of,  705 
current,  722 
curve,  713 

electrical  phenomena  in,  721 
ferment,  706 
gases  of,  708 

microscopic   changes  of,  in   contrac- 
tion, 719 
plasma,  705 
serum,  707 
stapedius,  890 
tensor  tympani,  890 
Muscles,  classification  of,  722 
intercostal,  action  of,  577 
of  Uie  eye,  874 
structure  of,  36,  701 
Muscular  contraction,  81,  710,  714 
chemical  changes  in,  719 
heat  production  in,  720 
phenomena  of,  710 
wave  of,  718 
work  of,  721 
contractility,  applications  of,  722 
corpuscles,  703 
fibres,  isolated,  28 
of  heart,  500 
striped,  701 
structure  of,  701 
unstriped,  703 
irritability,  709 
preparation,  711 
sound,  716 
stimuli,  710 
tissue,  34 
Myelencephalon,  803 
Myo-albumose.  707 
Myoglobulin.  707 
Myograph,  712 
Myopic  eye,  861 
Myosin,  97,  99,  704 

ferment,  70(5 
Myosmogen,  706,  707 
Myriapods,  digestive  apparatus  of,  206 

Negative  impulse,  508 

variation  of  nerve-current,  780 
Nerve,  abducens,  833 
,        auditory,  S'M 

centres,' general  physiology  of,  78^ 
of  spinal  cord,  789 

corpuscles,  structure  of,  772 

current,  779 

depressor,  556 
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Kervt),  facial,  S34 

fibr^,  pbyeical  propertiet  of.  775 

oculO'Uiotor,  S32 
o^  factory ,  &3<2 
opi]€,  BiB2 

pneQmcFgMtikp  S34 

ititimUp  77t» 

titeue,  lieTdopment  of,  Si 

tfitacimJ,  833 

truDk,  atrucrlur^J  of,  772 

»ffert?iit^  772 

cenlnttjgal,  772 

coDirip^/Lil,  772 

de^eTjer»lir>ii  of,  77S 

effefent,  772 

electrical  ]ihenDmfer*»  in*  779 

ioHuenc^  of  ccmeUiit  currsut  od^  777, 

780 
iabibiiory,  54& 

inryngt&l,  iafluence  of,  id  reepiration/ 

001 
of  tsBie,  896 

pD^QTOog&itne,  inflfieDoe  of  in  rm^nm* 

tion,  em 

VantJ-iUUltor,  f^^"■'5 

Nervoa^^  tntlumiL-tt  on  proioplMniLc  tDotioQ, 

in-itaiiilitv,  77*i 

syettm,  cWin'^ion  of  nintnr  and  sefi- 
pory  impfilmjj*  l trough,  827 

on  bcKjilv  tntijieriilure,  W7 
on  ciiTiiLtinn,  TtlO 
on  TPh  tuntmn,  H49 
f>n  r**nal  s*?i:rptJon.  G15 
(jTi  rf"!*|iLrsitii*n,  fsJ^H 
wftMf  rion  nf  milk,  G2d 

of  iirt]c:Dluta,  767 

tif  birdfi,  77*1 

of  mnfiu'^ks,  7t^7 
tti  n-ptilM,  77<> 
of  f<l;ir-ti-h    7i?'T 
nf  lln*  lirsvEt,  5H> 

<if  vi-rtfl-ratfs,  763 
orpirM  M,  ;]*J 

|ih\Mal<pyV'  of,  765 
iK'lsrnKp  iff,  7'i'! 
MrurUiii'ftf  Tin 
fyiii|i!ttlH/n«\  s:\5 
tifisuen,  f  lii^nnriil   iknci  jibyftic&l  cLsirac- 


Nenrokenitin,  775 
Nicotine,  iLctioR  of.  on  b**rt,  546 
NitrogtjOf  ©xcretiun  i>t  672 
Niirogenoos  matter,  roetattolisEi  of^f^7$ 

Orgaaic  c^sU-coufttitueOUi,  8S 

tiaaue,  coDfiitueDtA  of,  i^ 
NOTod  vital  (KM) 
NoB'tiitro^ffUooa  organic  cdU^^oQititiiBQl^ 

ti«»ue,  cODititnenU  of,  S5 
Noptrilft,  loo^emeule  of^  in  reepirvUoD,  57? 
Nticlein,  4H2 
NuritK>lu»  of  celln,  13 
NucleuB,  ik'vmtioi]  in  form  of,  ^ 

dJviBion  of,  17 

of  i^ella.  13 

of  Piinder,  21 
NQtritiftn.  *>59 

of  nervei,  inEtiefioe  of  ipis^  cord  oti}, 
778 

of  [irDtopla^m,  14 

ptiiti(ttic^  of,  672 
Nutritivf!  functioDft,  155 

procf^Mw  tn  f(+e4i!i|5,  6S0 

pmporttun  in  fiKxii,  Q&l 

projrijrtions,  U*5 

Hiibaliince«,  159 

Oat*,  composition  of,  167 

fiiDciiofis  of,  373 
Ocelli,  817 
Ocular  ttpparatris  in  mammnk.  Ri9 

iini'cle?,  B75 
Ocnlo- motor  oprve,  R32,  87-^ 

ik'tion  of^  on  pupil,  Sti2 
Orloroofl  suhsttkiHeBf  [iropertite  of,  844 
Oleic  acid,  12^ 
Olem.  122 
Ulfactorv  ^r*1ls,  S42 

lobe^  Sf)7,  841 

Derve.  83^.811- 

distrditnion  of,  842 
Olivary  bodiffl,  811 
<.>Ttmsmii,  Ftmctnie  of,  319 
Oiimivora,  cbftracieriMics  rjf,  IdB 

^iigpffiive  jiowcrof,  43fri 

jEHHtfic  di^^iwlion  IB.  363 
OptR'fll  ebanK.'tf^nsliCT  of  tiftsuei,  IJH 
Optic  lobes,  807 

nf-rve  filirra.  SflT 

tb>ilji[oit«.  fmuiinnn  f^^  ?*2^ 
Or^fiiih'a^s.U.  rifn^trinnion  of,  S,=f 

{ll^Un^;f'^ln^^q  pidS-constittitjnJ^,  flfl 
Omjnji>rw«.  i'ltriif-niary,  11 
Or^tiui/i*)  jind  ntiorgriiiiKeii   bo^lie^,  diEUn<3- 
tino?  between.  2 

lindit!^,  fiimrture  nf  11 

buijy,  d^'finition  of,  2 
OtgAnn  :Lud  tih^iu.'^,  ilfniilopment  of,  31 

clitHsificatioo  of,  36 
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OigMis.  composition  of,  36 

of  circulation,  491 

of  respiration,  562 
Origin  of  cells,  14 
Osmosis,  51 

caa86sot55 

explanation  of,  54 

illustrations  o(  56 

rapiditj;^  of,  52 
Osmotic  equivalent^  52 
Osteoblasts,  36 
Otoliths.  881 
Ova,  909 
Ovary,  909 
Ovum,  15 

changes  of  fertilization  in,  18 

cleavage  o(  15,  19 

fertilization  o(  15 

holoblastic,  19 

meroblastic,  19 

of  animals,  classes  of,  19 

of  mammals,  18 

of  rabbit,  siie  of,  25 

sise  oC  15 
Ox,  dentition  in,  258 

fat,  123 

heart  of,  509 

prehension  of  food  in,  234 

tongue  of,  233 

urine  of,  639 
Oxen,  food  required  in  fattening,  687 
Oxygen,  absorption  of,  by  hemoglobin,  594 
by  the  blood,  592 

influence  of  protoplasmic  movemfints, 
83 
Oxyhemoglobin,  476 

spectrum  of,  594 

Pacing.  747 
Palmitic  acid,  122 
Palmitin,  122 
Pancreas,  anatomy  of,  639 

histological  changes  of,  in  digestion, 

413 
of  the  bird,  398 
of  the  cat,  398 
of  the  dog,  397 
Pancreatic  ferments.  403 
isolatiou  of,  404 
fistulfle,  398 

juice,  action  of,  on  carbohydrates,  406 
on  fats,  406 
on  food-stuffs,  406 
on  proteids,  408 
artificial,  405 

chemical  composition  of,  402 
milk-curdling  ferment  of,  411 
secretion  of,  3l2 
secretion,  396 

influence  of  nervous  system  on, 
415 
Pander,  nucleus  of,  21 
Papillary  muscles,  510 


Para-albumen,  103 
Paraglobulin,  97.  487 
Paramyosinogen,  706 
Parapeptone,  99 
Parotid  fistula,  275 

gland,  nervous  supply  oC  303 

saliva,  conipotition  ot,  278 

secretion,  274 
Pathetic  nerve,  832,  875 
Pathology,  deinition  of,  1 
Peas,  composition  of,  173 
Penis,  structure  of,  916 
Pepnn,  112 

preparation  and  cfaancteiisties  of,  346 
Pepsinogen,  358 
Peptone,  absorption  of,  454 

characters  oC  353 
Peptones,  103 
Perictiondrinm,  36 
Peristalsis  of  the  inteetineB,  448 
Perspiration,  652 
Phosphate  of  alkalies,  130 

of  calcium,  133 

of  magnesium,  134 

of  magnesium  and  ammonium,  136 

of  potassium,  130 

of  sodium,  130 
Phrenic  nerves,  influence  o(  in  rsBpiration, 

599 
Physical  process  in  cells,  37 

properties  of  proteids,  89 
of  tissues.  61 
Physiology,  definition  of,  1 

of  movement,  701 
Pig,  dentition  in,  261 

&t.  123 

prehension  of  food  in,  235 

urine  of,  640 
Pigment -cells,  motions  in  chameleon,  75 
Pinna,  877 
Pitch  of  sounds,  758 
Placenta  of  ruminants,  908 
Plants  and  animals,  distinction  between,  5 

reproduction  in.  903 

respiration  in.  562 
Plasma  of  blood,  483 
Plasmine.  486 
Pneumogastric,  direct  stimulation  of,  550 

influence  of  section  of,  551 

reflex  action  of,  550 

nerve,  834 

action  of,  on  heart,  549 
of  frog,  545 

nerves,  influence  of,  in  respiration,  600 
Polar  cell,  18 
Pons  varolii,  functions  of,  821 

structure  of,  819 
Potassium  carbonate,  129 

chlorides,  128 

phopphfttes.  130 

pulphate,  135 
Prehension  of  food,  226 

of  liquids,  236 
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xnppoHlioQ  of,  SB 

Milk  -      -- 


FrehenBton  €f  tolidt,  226 

Pmtfigoo,  775 
FrcvtaoKelMi  pnmiCtva^  IS 
Pftkteidi,  9cUQn  of  pMicr«fttie  t 
A<damki€wi(^*i  tsNt  for,  9| 
l»i«l«e  re»ciloa  of,  91 

I     «««gaktlo]i  ot  90 

P. 


iloeaii,408 


tlion  a  r^Jiction  foT»  91 

©rigiQ  of,  88 

pkjsicjil  properties  of,  S& 

8c&iilU*i  imi  for,  92 

te»l»for,90 

»ititho-proteic  reaction  «i£^  91 
Frol9Cilytic  ferm^t,  112 
FrotofilttPTn.  11 

^aU^tuiitisin  of,  14 

ciiar^t4^»iic»  of,  7^ 

cootJTifccliIity  of,  li 

imtrjtion  of  14 

properliee  of,  l-l,  T3 

reprodtictkin  of  14 

T«Bpimtioti  of,  14 
Frotoplasmic  contenti  of  cfilla,  moiremeatB 

growth,  14 
movement.  70 


cetif^ral  cfjD  lilt  ions  uf,  S2 
influence  of  dt-grL-e  of  imbibition 
OQ,  a2 
chemical  aijd:  physical  Jkgetitd 

on.  H-1 
liervous  riystem  on,  7*3 
0x3-^1  fi  on,  83 
tem^fp  rati  Iff*  on,  B2 
njitnrtof  cilian'  movement,  81 
Pealtf  r,  functions  of,  377 

ftriirture  of,  :U9 
P^eTiiio  tjbnn,  101 
?^eii4o|.'Oiiia.  It 
Ptyalin,  112,  27:^ 
Pulmontiry  capillaricfs,  571 
infunJibula,  ^U\} 
valv*'*,  iu:t!on  of,  514 
Pulse,  583 

aiifl  h\oiA  T't+^-^HUre,  cansfifl  of  modkfica- 
Uori'?  in.  rk»r> 
f>f.l iff'  rent  an  1  malt,  MH 
wave.  |Hr<j*li30tion  of,  531 

rsit*?  o  f  m  o  V  f  III  en  t  r  /.  53  3 
Pfipn,   j^pntre   for   th<'   diljtatioLi    of   817, 
Hm 
ch,m^^otiT\  fU'commtHlatioa,  862 
rnHtieii'^e  of  ilrtig?!  on,  8B4 
Tj>  rve  ^iipl'ly  of,  8<52 
pat rtf active  ferine utntioo,  HI 


Pjramuial  ti^act  of  ffiifiU  oofti,  797 

Quality  of  iocmdi,  T5S 

Babbit  ovmn,  e»ia^  <?£.  25 
Back,  tiie,  747 
HatioDs,  jkUmentAiy,  I^ 
EeftTiiig,  7ol 

R^  blood -eorpiiBelei*  474 
R©dt!c«d  li^moglobm,  5M 
lit^floction  uf  li^iil,  K51 
EeJlex  action,  4  ^'2 

Urns  of  791 

inliihitory  centre,  7®J 

imtritiv*  a^tJOQ^  TSH 

secretory  iictit*a,  793 

VAAO- motor  ncuon,  T9S 
B«&«ction.  doubk,  m 

of  light,  851 

of  iiaAtiei.  68 
Beiractivu  index,  862 
B«gio  olfactofift  of  ibe  itOM^  842 

retpirsfctom,  842 
Rel&tioD,  fcinctioQi  uf,  H 
Renmk's  diTision,  17 
ReUftl  aeerelioa,  635 

mecbimifiitt  ot  640 
Eennet,  112 

action  of,  on  milki  SIS 
Bfiprodaction,  £RJS 
,  ofoeUa^,  16 

of  potoplaflm,  14 
ReproilnctiYe  functions,  8,  901 

proce^.ieEs.  9*J3 

tiBeu-r!?  of  tbe  femde,  90S 

of  the  nmie,  \iVA 

Retpliles.  auditory  apparjitLis  of  S7S 

brain  of  8<:v4 

dij^c*«tive  upparjittis  of,  210 

nerv  oup  nyj^ieni  of  770 

organs  of  rircnlalion  m,  496 

re  prod  net  ion  in,  90 1 

respirator)'  apparatus  of  56d 

Tiwion  in,  849 
Bessf^ioal  volume  of  air,  574 
ResiPiance  to  tr&ciion,  63 
Rf^onanre,  8S5 
Eespinition,  561 

cbanj^eg  of  the  air  in,  5S$ 

cbeinical  pbt^numeu*  in,  587 

cutaneous,  ixVfi 

in  fin*?  nee  of  on  cinruliition.  6C6 

mechaoical  jtrocc^^sies  of  574 

nervone  mpcliaiiigm  of  59ti 

of  protoplasm,  14 

organs  of  5^]2 

rhythm.  579 
Bespirition?,  nnmbere  of,  in  dilerttot  *ai' 

nmlfi,  581 
Expiratory  centra,  81 B 

ftctktii  of  blood  on,  602 
local  mu  of  GOO 
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Respiratory  changes  in  the  blood,  591 

curve,  581 

movements,  modified,  604 

organs  of  birds,. 568 
of  fishes.  566 
of  reptiles,  568 
types  of,  563 

volumes  of  air,  585 
Restiform  bodies,  811 
Reticulum,  functions  of,  376 

structure  of,  318 
Retina,  functions  of,  867 

structure  of,  865 
Retinal  purple,  868 
Rheoscopic  frog,  722 
Rhodopsm.  868 
Rhythm  of  respiration,  579 
Ribs,  movements  of,  in  respiration,  675 
Rigid  tubes,  flow  of  liquids  through,  518 
Rigor  mortis,  704 
Rising  up  and  lying  down,  mechanism  of, 

754 
Roots  and  bulbs,  composition  of,  184 
Rotatory  joint,  730 
Rumen,  functions  of,  374 
Ruminants,  convolutions  of  the  brain  of, 
805 

dentition  of,  258 

gastric  digestion  in,  374 

larynx  of,  761 

respiratory  movements  of,  582 
Rumination,  316 

changes  of  food  in,  323 

influence  of  nervous  system  on,  330 

structure^of,  317 
rwu:uiing  in  quadrupeds,  749 

mechanism  of,  in  men,  738 
HnM)ll 
U. ir  residue,  181 

Sic'-harates,  119 

Saccharose,  119 

Saliva,  centre  for  secretion  of,  817 

chemical  composition  of,  271 

course  of,  270 

physiological  uses  of,  287 

quantity  of,  286 
Salivary  glands,  experiments  on,  295 
histological  changes  in,  305 

secretion,  208 

characteristics  of,  284  * 

mechanism  of,  293 
Salts,  absorption  of,  451 

amount  of,  in  fodders,  679 

influence  of,  on  nutrition,  678 

nutritive,  192 
Saponification,  121 
Sarkin,  663 
Scalene  muscles,  action  of,  in  inspiration, 

577 
Schleiden's  cell  doctrine,  15 
Schultze's  test  for  reaction  of  proteids,  92 
Schwann's  cell  doctrine,  15 


Sclerotic,  849 

Sebaceous  secretion  of  the  skin,  655 

Secretion  of  bile,  391 

of  gastric  juice,  356 

of  milk.  609 

of  sweat,  ^>52 

of  tears,  658 

of  the  skin,  sebaceous,  655 

parotid,  274 

salivary,  268 

sublingual,  283 

submaxillary,  279 
Secretory  phenomena,  793 
Section  of  spinal  cord,  results  of,  800 
Segmentation  of  mammalian  ovum,  19 
Semicircular  canalsT  877 
Semilunar  valves,  action  of,  513 
Seminal  fluid.  913 
Sensation,  837 
Sensations,  tactile,  897 

visual,  864 
Sense  of  hearing,  875 

of  sight,  846 

of  smell,  841 

of  taste,  893 

of  touch,  897 
Sensibility,  conditions  of;  838 

general  and  special,  837 
Sensitive  plant,  71 

motions  of,  71 
Sensory  impulses,  paths  of,  801,  827 
Serum-albumen,  9^ 

of  blood,  489 
Setchenow*s  inhibitory  centre,  793 
Sheep  and  goat,  urine  of,  640 
Sheep,  dentition  of,  259 

fat,  123 

food  required  in  fattening,  687 

normal  foods  for,  690 

prehension  of  food  in,  235 
Shell-membrane  of  egg,  formation  of,  22 
Sighing,  604 

Sight,  sense  of,  846  ^ 

Silicon.  136  ^ 

Sinus  venosus,  503 
Sitting,  mechanism  of,  in  man,  733 
Skin  as  a  heat  regulator,  651 

as  an  excretory  organ,  651 

functions  of,  651 

sebaceous,  secretion  of,  655 
Smell,  intensity  of,  846 

sense  of,  841 
Sneezing,  (>05 

centre  for,  816 
Soaps,  121 
Sobbing,  605 
Socket-and-ball  joint,  730 
Sodium  carbonate,  129 

chloride,  128 

phosphate  of.  130 

sulphate,  135 
Solids,  prehension  of,  226 
Solipedes,  gastric  digestion  in,  368 
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Timbre  of  axmiwis.  T^? 
TimoThy.  <»c:i«o?:;;.^n  of  157 
Tissue  ehAn^M  m  MArvauon,  674 

elastic,  'do 

fibrous.  35 

gelatinous.  35 

glandular.  Zi 

macoid.  35 

muscular,  34 

nerve,  development  ot  34 

nitrogenous  ivnstituents  of,  S5 

non-nitro£renoas  constituents  o(  85 
Tiasoes.  abmrption  of.  for  colors,  68 

and  organs,  development  ot  31 

classification  of.  33 

cohesion  of,  fr>2 

connective.  34 

contractile,  701 

development  of.  15 

elasticity  of.  65 

electrical  phenomena  oC  70 

extensibility  of.  'd^,  67 
.  flexibility  of.  67 

intercellular.  34 

optical  characteristics  of.  68 

pnvsical  properties,  61 

refraction  of.  68  , 

reproductive,  of  the  female,  908 

resistance  of.  to  flexion,  64 
to  pressure.  63 
to  torsion.  64 
to  traction,  63 

specific  gravity  of.  62 
.ongue.  action  of.  in  mastication,  264 

of  horse.  233 

of  ox,  233 
Torricelli's  theorem.  517 
Touch  corpuscles.  899 

sense  of,  897 
Trachea,  structure  of.  569 
Tradescantia  virginica,  73 
Transudation,  48 
Trea^l.  20 

Trifacial  norve,  833 
Tricuspid  valve,  o(.>9 
Trigeminal  nerve,  833 
Trochlearis,  832 
Trot.  748 
Trypsin,  409 

Tubular  glands  of  stomach,  356 
Tympanic  membrane,  879 
Tympanum,  877,  879 
Ty rosin,  410 

Unformed  ferments,  111 

Unorganized  and  organized  bodies,  distinc- 

tiOHH  botwoen,  22 
Unstable  equilibrium,  731 
Urea,  excretion  of,  in  starvation,  676 

formation  of,  6()1,  G02 
Uric  acid.  6«.>3 

source  of,  662 
Urinary  secretion,  mechanism  of,  640 


rriaarr  tubules.  fuTKiiotis  of,  t543,  64^ 
Urination.  mechA:r.5&i  of.  648 
Unne,  comi^wition  of.  6o6 
of  carnivora,  637 
I  of  dvv.  640 

;  of  herbivora,  637 

of  horw.  tK>8 
!  of  ox.  6;«9 

j      *    of  pig.  640 
j  of  ,<heei»  and  goat,  640 

phvsical  and  chemioU  properXMt  ot 
635 
Uterus,  i>08 

Vagus  nerve  of  fW>g.  545 

wave,  549 
Vallisnena.  movements  in.  74 
Valves  of  the  heart,  action  of,  508 
Vaso-constricior  nerves.  558 

dilator  nerves.  5.">8 

motor  centre.  555 
centre*.  7^4 
nerves.  554 
Vegetable  albumens.  93 

caseins.  94 

cells,  chemical  processes  in,  137 

fibrin,  iV» 

foods.  161 

gelatin.  96 

globulins.  97 

physiology,  definition  of.  10 
Vegetative  functions,  definition  of,  8 
Veins,  blooil  pressure  in,  539 

circulation  in.  5i^9 

velocity  of  circulation  in,  540 
Velocity  of'  the  blooil,  530 
Vena  cbntnwta,  518 
Venous  absi^rption.  453 

blooil.  gases  of,  592 

sinus,  SlXJ 
Ventricle,  fourth,  of  the  brain,  812 
Ventricles,  capacity  of.  532 

movements  of,  i'^\ 

muscular  fibnv  of.  502 
Ventriciilus.  functions  of,  380 
Venus'  fly -trap,  motions  of,  72 
Vernix  caseosa.  1>55 
Vertebrate.s,  digestive  ap]^aratus  of,  209 

nervous  system  of.  /69 
Vesicle,  blastmlermic,  25 

germinal,  15 

modifications  of  free  fertilization 
in,  18 
Vestibule  of  the  ear,  877 
Villi,  structure  an<l  functions  of,  456 
Vi.sion,  sense  of.  816 
Visual  apparatus,  structure  of,  846 

imperfection,  872 

purple,  8t>S 

sensations.  8<)4 
Vital  capacity,  volume  of,  586 
Vitellin,  97  * 
Vitelline  membrane,  15 


Yood  mp\n,  757 

n)i<E»ttbiu  of.  330 

Waikia£  bsekwutl  in  l)}ii  liorfe,  754 
lacekukoitm  of,  In  tls«  hxm^  74ei 
in  oiftti,  *37 

Wftitr.  m,  tSli 

tacfttkM 
Wkti«  blood-corpiUGlfa,  479 


Wool-prodndng  ojiimAlp^  food  f«Q«iad  bj. 

Worms,  dig«t3ir«  »3J|»fciii.ttw  of  3t*5 

Xanthin,  683 
XftnthO'j^rotci©  Teactkp.  of  ] 

Tetk  i>f  egg,  ttnuttiie  nt  20 
Yellow  ppot  of  ^  rttioA.  M9 

Sooa  p^llticida,  15 
radiAta.  15 
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Franrf*,  G  fru. 

BASHORE— Improved  Clinical  Chart- 

For  the  Separate  Plotting  nf  Toniperaiure,  Pnltio,  and  Respiration.  But  one 
eolor  of  ink  neceasary.  Designed  Tor  the  t'onvcnient.  Accurate,  ancl  Perroanont 
Daily  Ht'corcllng  of  Cwm^  in  Hospital  and  Private  Pm<?tice.  By  HabVBY  B, 
Bashore,  M,D,    Fifty  Charts,  in  Taldet  Fnrin»    8la<»,  ftx  12  inches. 

Price,  ill  UnltGd  Statea  and  i'ana^bi,  ttO  vXm*,  net ;  Gre^t  Britain,  3m.  ed.  ; 
France.  3  fr,  00, 

BOENNI NO— Text- Book  on  Practical  Anatomy. 

iuclndlni?  a  Secrion  on  Surjjicfti  Anatomy.  By  Hbnky  V.  Boenning,  M.D., 
Denionslrator  of  Anatomy  in  th«  Jledipo-Cliirnrg^cal  Coliepji?,  etr.  About  200  Wotid- 
Engravinjjft.  RoyiU  Octavo.  Nearly  500  paj^pii.  Extra  Clfjtb.  Also  In  Oll-Clotb,  for 
u«c  in  tbe  diftt^ecting-Toom  witbont  polling. 

Price,  In  United  Htatos  and  Canatia,  9'3.50,  net  j  Great  BriUln,  1<».J 
Friincc.  10  fr*  '40. 

BOUCHARD— Auto-Intoxication- 

Btiing;^  a  series  or  Ifctiiri^is  on  ItiU>»tinai  and  l^tinjiry  Patbology.  By  Prof.  Cu. 
BouCHAnn,  Paris.  Trattslarod  from  the  Fremb,  witb  sin  Original  Appendix,  by 
TfloajAS  (ILIVKR.  M,A.,  M.D.,  ProfpHSor  of  PbyaioloRy,  UniTOrBity  of  Dnrbam, 
Eniclamb    Over  3(J0  pjvgt^a.    Crowtj  Octavo.     Kxtra  (*Iolh. 

Price,  In  United  States  and  Oana-lft,  Sl.75.net;  Great  Britain,  lO*.; 
France,  12  fr.  "JO. 

BOWEN-Hand-Book  of  Materia  Medica»  Pharmacy^  etc. 

By  CUTHHKKT  BOWKN,  M.D.,  B,A.     rJmo.    370  pa^en.      Extra  Cloth* 
Price,  In  Uiilt«d  Btates  and  (  anada,  91.40.  net ;  Great  Britain,  8s.  6d. ; 
Fraoce,  9  fr.  20. 


BURET— Syphilis  in  Ancieitt  and  Prehistoric  Times. 

WitU  ik  rUnpUiT  on  ihe  liiviional  Tie;*tmfiit  of  ^Sypkilifi  in  tli«  Nlaeti?ent|]  i;ru 
liiry,  Uy  Ur.  f.  UwnmT,  Parle,  Fri4i*cc.  Tr&iiftliitea  frum  llii'  Pretirb,  widi  Um 
autliur'a  pemijasioti,  with  unlw,  by  A.  H,  (>aif  A!«!(^Dt7ii^j!ir[..  M,Ij..  at.  Uiolt^afv^.^ 
^Sia%t^&*.  IStuo.  Extra  Cloth,  This  Yoluint*  In  oni*  qI  i^ t««trl«iii4  tUrcie.  Tlie  i 
I  wo.  crcAtini;  af  tSyphili*  in  llie  Middle  Agts*  uiil  In  Mt*tlem  Tiinea,  afv  ri^w  Is 
active  i»r«{rarAtioa. 

^Tifx,  io  Ontted  8tAtn  jind  C&ti&4»^  SI. 3 A,  hh  t  Oecm  BrUniu,  ll^  6d«s 
Fmnoe^  1  ft*  Id* 

CAf^P— The  Daughter- 

Her  He*ltlj,  Kdu-mtioia,  anrt  Wedl^^ck.    Hcimelj  SuEg©!*ti<inpi  t4l  Mo^Ml 

Duu^bterA.    Uj  Wu^i^iam  H.  Capp,  M.D.,  Pb  Usui  el  phi  A.   12&ia.    ISO  pttiesk    Atmei.^4 
Iveljr  bouud  in  Ebitm  CloUi. 

Prit-e,  tn  Utilt^  StKtot  ATid  Cu]mil&,  BUM,  uel;  Qr«»t  Biitaln,  d*.  ^d*  i 
Fmaec,  e  fr,  X©,    In  Paper  CoirerB  (unabriagedJ,  aO  t^tfc,  iml 

CATHELl^Book  on  the  Physician  Himself. 

And  TliJEif^i^  that  Coocflm  hl»  JiepuUitiein  ai»d  Success.  By  D.  W.  i'ATllRl.J^ 
&f  J).,  B&ltkuare^  Mil.  TrtitII  GpmOK,  Atittiiii^it  last  rrrlMoCi  tioyml  L><ftBTiw 
A  boti t  SSa  pages,    EilTft  CtoUi. 

Price,  lu  United  8t&tiui  mtid  Cuiadn,  St.CkO,  itel;  Great  Brllnln,  lt«.«4.| 
Pninod,  lafr.  40. 

GLEVENOER— Spinal  Concussion. 

Surgically  Considered  as  a  Cause  of  Spinal  Injury,  and  Neurolopioally  Re- 
stricted to  a  Certain  Symptom  Group,  for  which  isSiiRgeste*!  the  Desi^ation  "Erirh- 
sen's  Disease,"  i\»  one  form  of  the  Traumatic  Neuroses.  By  S.  V.  Clevenger,  M.D., 
Consulting  Physician,  Reese  and  Alexian  IIr>S]>itals ;  Lat«  Pathologist,  County  In- 
sane Asylum,  Chicago,  etc.  Royal  Octavo.  Nearly  400  pa<:ea.  With  30  Wo<*d- 
Engravinj^s. 

I*rice,  in  United  States  and  Canada,  •2.50,  net;  Great  Britain,  148.; 
France,  15  fr. 

COLTHAN— The  Chinese:  Their  Present  and  Future. 

Medical,  Tolitical,  and  Social.  By  Robert  Coltman,  Jr.,  M.D.,  Surgeon  in 
Charge  of  the  Presbyterian  Hospital  and  Dispensary  at  Teng  Chow  Fu,  etc.  Fifteen 
F'ine  Engravings  on  Extra  Plate  Paper,  from  photographs  of  persons,  places,  and 
objects  characteristic  of  China.  Royal  Octavo.  212  pages.  Extra  Cloth,  with 
Chinese  Side-Stamp  in  gold. 

Price,  in  United  States  and  Canada,  SLIS.  net;  Great  Britain,  10». ; 
France,  12  fr.  20. 

DAVIS — Diseases  of  the  Lunges,  Heart,  and  Kidneys. 

By  N.  s.  Davis,  Jr.,  A.M.,  M.D.,  Professor  of  Principles  and  Practice  of 
Medicine,  Chicago  Medical  College,  etc.  12mo.  Over  5500  pages.    Extra  Cloth. 

Price,  in  United  States  and  Canada,  S1.25»  net ;  Great  Britain,  6«.  6d. ; 

France,  7  fr.  75. 
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DAVIS— Consu in pt ion  :  How  to  Prevent  it  and  How  to 
Live  with  it. 

Ita  Katiirp,  i'iiu.ses,  Pn'Vi'iitH»n»  *ikI  the  Mode  uf  life,  CUoiate,  ExereiM*,  Food^ 
ftnd  Clotliiiiff  Necessiiry  fur  its  Ciirts,  By  N.  H.  Davi»»  Jr.,  A.M.,  M.D,  I'itno.  liS 
pi&giefl.     Extra  CUitti. 

PH€i»,  in  rnit«Hi  HUitch  ftnd  Cihitftdii,  1ft  ct*.,  net;  Greal  Britain,  4s.} 
Frmnue,  4  fr. 

DEMARQUAY— On  Oxygen. 

A  Pr»itk:d  Invr«(l<;;iti<»ii  uf  tlie  Clitiioal  an*l  TUenkpenllt  Vnliif  <>f  the  Gaiiet 
in  Mcdl«Ml  aiKl  Sur^fii'al  PractU'o,  with  Efi]>ecinJ  fk'ffieiu-e  t*i  the  ViUuttaiid  Avail* 
ability  of  (ixyKeii,  Nitn»geii,  llydri-pii,  ami  Nitti»fC<?^  Monoxide.  By  J.  N,  UKUARr 
ilVAY^  liiirgeun  tn  the  Mtiuicipal  Hor-pitiil,  pHris,  add  nf  the  Coutn-il  of  8tate,  etc, 
Tr.m«lat*<l.  witli  uiiU*i«,  [idilitiH^Mis,  and  oiuiHsiou.H,  by  Sami'icl  H.  \Vai.lian»  A.M,» 
M.D.,  en  rrcMident  of  tlie  Midiiid  AKiM*c'i;*tiQn  "f  Northern  New  Yai k»  etc*  Royal 
OctaTo.    aiti  panjeH.     niMslralftl  uith  21   WtnHl-Ctils. 

l*ric«,  in  IT JiUml  HtatuA  and  4'iiniula,  <  'loth,  m'iJWf  net ;  Half*Htt«alji,  Sa.mi. 
set  Ureat  Brituin,  CIoMi,  ll»w  Ikl.;  Tlal^Riis8f&,  1Tb.  64,  France, 
nmh,  13  fr.  40  ;  Half  Russia,  IH  fr.  GO, 

EOl NO ER— Structure  of  the  Central   Nervous  System, 

For  Physirluns  and  Htuilenis.  By  DiL  Ltri>wiG  Edincjeu,  Franklin  t-mi-iho- 
Maiu.  Second  Reviwd  KditintK  With  la^  illnntnitionii.  TraiiBlntt^d  hy  WJLLrs 
Hall  Vittuai,  MJ»,,8U  Pnul,  Miiin.  Edited  by  C.  EUfiKNK  lUoos,  A.M.,  M^D., 
ProfoflMor  of  Mc^ntal  and  Nervmis  DimeaHen,  UidvorHtty  uf  Minnesota,  etc.  Royjil 
DctavfT.   About  2^  pageft.    Extra  Clotti. 

Price,  in  United  States  and  Canada,  SLTdt  net;  CJreat  Britain,  lOn.; 
France*,  1«  fr.  SO. 


EISENBERQ—Bacterioloj^^ical  Diagnosis. 

Tatnilar  Aid*  for  use  in  Practical  Work.    Hy  Jamks  Eisenbkro,  Ph.D.,  M.D., 

Vienna.    TrAns[at«d  axnl  aniermcnted,  with   the   permiftsion  of  the  author,  from  the 

second  Genuan  Kditiiiii,  l»y  Norval  H.  Pierpk,  M.D.,  Chicago,  X\t     Nearly  SDO 

pa^es.     Royal  Octavo,  bound  ki  ^'loth  and  in  Oil4'loth  {far  lalwratory  uw*). 

Price,  in  United  States  and  Canada.  S1.54>.  net ;  Groat  Britaitt,  »b*  Od. ; 

Prance,  0  fr.  115, 

FIREBAUQH— The  Physician's  Wife. 

Ami  the  ThUi^N  that  Pertain  to  Ht'T  life.  By  EllkW  M.  FtltKIIATrOX. 
firacefnlly  wdtteri,  full  of  ^<nniir^e  tjumor,  and  irno  t^t  nature,  thin  little  volume  In  a 
treasure  thai  will  lifchten  and  ImphU-ii  lonoy  »ii  h<Mir  of  care  and  Vkorry.  Crown 
Ootar<HaoO  paged,  with  44  OrlplniU  f'banieter  Illuntratioim  and  a  FroottHidecc  Por- 
trait of  the  Aotbor.    ilands«omidy  twjund  Ui  Extra  Cloth.    Price.  •1.9/ir  net. 

Hperiut  Lliiilt«<d  Edition,— Fin^t  500  copies  heantlfnlly  pritited  in  Photnura- 
vnre  Ink  ou  Extr.i  i^nnlity  Enameled  Paper,  with  wide  tnnr^4iiN,  iihr»wiit|7  the  illna- 
trati*ms  with  excellent  oiTect.  Heantifnlly  and  :\ttraetively  lionnd  in  Fine  Vellnni 
Cloth  and  Leather.  IVlee,  93*00,  pet.  The  Publishers  reserve  the  H^ht  to  Increase 
itiiii  price  without  notice. 

OANT  and  A LLINO HAM— Diseases  of  Rectum  and  Anus. 

By  H.  G.  Gant,  MJ>.,  ProfeM!*or  of  Re<  t:tt  antl  Anal  RurRery  in  the  Univefslty 
Medical  College,  Kansas  City  ;  1^<  lurer  oti  Hcf  tal  and  Anal  Diseaaea  In  the  Scariitt 
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Training  f^ctiool  and  HfjsplUl  for  Nurses,  etc ;  and  H.  W.  Al.i»Uii9Bam^  M.D. 
8urge»fi.  to  the  Great  Noribem  HuspitAl,  anil  Junior  Burgeon  to  St.  Mark's  IlAi|illiJ 
for  Rectal  Ditieaiieij,  Uindou,  isXv..  Wi^liU  tnumeroui  iHuatratloufi.  including  KTeral 
Kail -page  Cul«  red  Photo-engmv  ill  I5a»    Ruyjil  UetiiYQ,    I«  PKEfAiiATiOJi, 

OOODELL— Lessons  in  Qynaecolo^. 

By  W1L.1.1ASC  OooDEi.i.,  A.M^  iLD,.  etc.,  ProffASor  of  Clinical  Ofn^cologj  In 
ibB  Unlv^^rsity  uf  Penney  I  vanijak  WHIi  U2  niuaU'S.tfuiia.  Tlilnl  EdLtdou,  tbomugtilf 
revised  ;tiid  gri-atly  eulnri^ietl.    One  vulnm«,    l^arg^D  UetavD.    57$  iwgt^t. 

Prici?,  In  Uiiitoa  HtateM  und  CantwlA,  Cloth,  •Jt.iMIt  Full  Sheep.  •A.fM>. 
DiHCOUDt,  SH  t»er  cent-.,  maktiiK  It,  net,  Cloth,  S4.aO|  Sheep,  •4.SOh 
PoetaRC,  ^1  c«i]t«  fjxtru.    Oxeat  Brkalu,  CJotli,  ^2fi«  6a« ;  !Jhoe]i.  aSa. 

GRAN  DIN  and  JARilAN— Obstetric  Surgery. 

By  EuutcUT  ir  (iH^N DJN.  M-Ri  Olsstetric  Htirgenn  to  the  New  York  Malefnity 
ll«»*pilj*.l;  Gyusieologiiit  ti>  the  Freiicli  Ht]«]»ltal,  ottv;  and  Qeorqii  W.  Jakmak, 
M.D-*  Oli«t«ti1<!  Buig»Jii  to  the  Ki'w  Totk  Malemlty  My?^|iit.al ;  QATiaercologi^C  t*i  iJii* 
('aucer  Uu»pliAil, ett\  With  ahout  1(M> Il1uHtrattr>n;ii  in  the  text  ajid fi  Full  pace  Pholo- 
giaphlc  Philos.    Ikijia  Octavo.    Abciut  S50  imgw,    EittFa  Cloth. 

Prfee,  iti  United  StatMand  Canadji.  S2.fM>,  not;  Great  BHtaiii,  14*.; 
France,  15  tr. 

OUERNSEY— Plain  Tallcs  on  Avoided  Subjects. 

By  IlK5fKY  N.  OFKKNSEr.  M*D.,  fotmeirly  Profcwor  of  Materia  Medlca  and 
luHtltntes  in  tlip  llfihr»emaim  Meillcat  Colief  p  of  Philndelphla^  et^.  Ciitit«iit«  of  tbi» 
Rcirik^I.  intrmlnr  tory.  TL  Tin-  Infant,  ni.  ChiUUinod.  IV,  Adolca.  ence  of  the 
Male.  V.  Adolescence  of  the  Feniale.  VI.  Marriage:  The  Husband.  VII.  The 
Wife.  VIII.  Husband  and  Wife.  IX.  To  the  Unfortunate.  X.  Origin  of  the  Sex. 
16nio.      Hound  in  Extra  Cloth. 

Price,  in  United  States  and  Canada,  •l.OO;  Great  Britain.  6«.  6d.; 
France,  6  fr.  20. 

HARE— Epilepsy :  Its  Patfiology  and  Treatment. 

^^\  HoRART  Amory  Hare.  M.l).,  B.Sc.,  Professor  of  Materia  Medica  and 
Therapeutics  in  the  Jetferson  Medical  College,  Philatielphia,  etc.  12mo.  228  pages. 
Extra  Cloth. 

Price,  in  United  States  and  Cana<la,  S1.25»  net;  Great  Britain,  6».  6d. ; 
France,  T  fr.  7i». 

HARE— Fever:  Its  Patfiology  and  Treatment. 

Containing  Directions  and  the  Latest  Information  Concerning  the  Use  of  the 
So-called  Antipyretics  in  Fever  and  Pain.  By  Hob  art  Amory  Hark,  M.D.,  B.Sc. 
Illustrated  with  more  than  25  new  plates  of  tracings  of  various  fever  cas«>s,  .showing: 
the  action  of  the  antipyretics.  The  work  also  contains  35  carefully-pre]»arcd  statis. 
ticnl  tables  of  249  cases,  showing  the  untoward  effects  of  the  antipyretics.  12mo 
Extra  Cloth. 

Price,  in  United  States  and  Canada.  S1.25,  net ;  Great  Britain,  6a,  6d.  ; 

France,  7  fr.  75. 
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I1UIDEK0PER--Age  of  the  Domestic  AnimaEs. 

Beiiitf  a  L'oiui^lcte  Tieatisi*  'in  tlie  Fknilltioii  of  thf  Htuse,  Ox,  Hheep.  Hog,  and 
Dofi^«  and  on  tiic!-  vuiimii  utlier  ineaiiii  uf  dut^-i mining  ihejigeoC  tliesti  aLnliim.l»«  Hy 
HU8II  Hhifpex  HufDlcKOPSR,  M.D.,  Veterinarian  (Alfort,  Frant  e)  ;  Professor  of 
Haniiary  Mecli*  iin?  and  VVu-rinwry  Jurljiinjvru<l*'Jice,  American  Veterinary  Collei^o, 
New  York,  etc.     H^i^y:d  Oiitavo,     225  pages.    2iX)  Wood-Engravings,    Elxtra  Clolh. 

Prieo,  in  United  States  and  Oaimdat   91.75,  net;  Great  Britain,  lOt,; 
FratJfe  13  fr,  30. 

Jnternationai  System  of  Electro-Therapeutics, 

For  Student,'*,  General  Pmcliliwii«i^T  i^^'»*l  S|^eeia]ists.  Cliiuf  Editor,  Hobatio 
fi,  BHiiEi,aw.  M.D.,  Fellow  of  tlie  Anicricttn  Electro-Tlierapeutic  jVsswHjition ; 
>lcmi>er  of  tUe  Fhilatlelpbta  OUsietrkal  Hoclety  ;  Mem1>er  of  the  Hocletii  Fran- 
^ai.-*e  d'Eketro-Tlierapie;  Author  of  ""  Gynaaeoltigio^d  Electro-Tbcrajjeutics,^'  &»(! 
**  Familiar  Tulks  on  Eteetri city  and  Batteries"  iHe.  A«j»i:sicd  hy  tliirty  eigUt  enjim^nl 
specialiHta  in  Europe  and  America  as  associate  editor**.  Thorowglily  Illnatrated  with 
many  fine  Engravin|i(SL    1160  pai^e*.    UoyaJ  t  Jrtavo. 

Prii  e,  in  United  States  and  i'anada,   Extia  Cloth,  SO.OO,  net  \  Slieep, 

«7*fKl  net;  HidfUnnsia,  W1^0»  net.    In  Great  Britain,  Clolb,  a3».; 

Bheei*,  :*««*.;  Half-Uussia.  41«,    In  France,  Cloth,  8«  £r.  40;  Sheep, 

44  fr.  4.'5;  Half-Rus:«iEi,  48  fr,  IQ, 

IVINS^-Diseases  of  the  Nose  and  Throat. 

A  Teitl*BoMk  for  Btudonts  and   Praotitioners.     By  HoHACK  F.  IviNS,  M*D., 
Ijccturer  on  Laryngology  and  Otology,  Ralmemann  Mediral  College  of  Phi  la,,  etc. 
Royal   OlUivo.     rj(l7  pEi^ea.      With  12J>    Bln^strationa,  chiefly  original,  innlnding  IS 
Colored  Fignrea  f lom  Dra\vin>is  iin«t  Photographs  of  Anatondcai  Difisoctions,  etc. 
Price,  in  United  States  and  Canada,  Extra  Cloth,  •4,00,  net  ;  Bheep 
or  H»lf-Ru«8ia,  »5.on,  net.    Ureiit  Britain,  Cloth.  3»«*  6cl.;  Sheei> 
or  H:df  Ru^Hia,  '^Sh.     France,  Cloth,  84  ft*.  60 ;  Blie«p  or  Half-Rnssia, 

»o  rr.  :io. 
*  JOAL— On  Respiration  in  Singing, 

For  Speclaliiits,  singerw,  Tearher^,  Puldie  Bpeaken*.  etc.  By  Dr.  Joal  (Mont 
J>orG).  Translated  and  edited  by  U,  NouRis  Woi,fkxden,  M.D.Cnntah.,  Etlitor  of 
the  Journal  n{  [jaryng*}lugy.  etc. ;  Vicf^-Presirtent  of  tht*  Brilfnli  Ijaryngologit*fil 
Aaaociaiion,  etc  In  Active  PREFARATiorc.  Nearly  Heady,  lltustraicci, 
1  'I  ot h,    C  ro wii  O  e  tavo,    A  bou  t  240  pagci^. 

KEATINO— Record-Book  of  Medical  Examinations  for  Life* 
Insurance. 

Do»fgned  by  John  M.  KKATrNO,  M.D.  This  record  book  is  «ninH.  hut  coni- 
pletti.  and  einhnkCfA  all  ttie  prin^'ipal  points  Ihnt  are  required  liy  tlitt  different  com- 
panies. It  is  madi*  \x\  two  ^\Ti*n,  vn  :  N".  1.  rttveriug  one  hundi  ed  (KKl)  exxndnations, 
ai»d  No.  2.  covering  two  hnndied  1200)  examinations.  The  slzr  of  the  bc»okis7x8f^ 
Int^lirs,  and  ran  be  conveniently  carried  In  tlie  pockets 

PHcvti ;  No.  1,  Fnitfd  States  find  C^infota,  i'lnth,  iiO  rfintji,  net :  Great 
Britafn,  Sh.  Od.  ;  Frun*c  3  fr.  00.  No  2.  Full  Ijeiither,  w  fh  Slde- 
Fl  ipt  Vn  ted  siatei*  and  Cauail.i,  Sl.OO*  net ;  Great  Bntain,  5«.  Od.; 
France.  «  f*'-  **>. 


«f  lit  F,  A.  Bmm  Cn. 


KEATINO  and    EDWARDS— Diseases  of    the    Hi^rt    and 
Cifcijfatioia  in  Infancy  and  Adolescence. 

VttVk  ^  A§n>aMw  «ititl£4  "i.liiij£K|  Hliadlei  mt  %h^  Pob^  ia  Cluldliotid,"    Wf  ' 


KRAFn^-EBINQ^A  Te^l-Boak  on  Insanity. 

r«*r  til*  i: w of  t^t9«id«Mi  wk4  yuctitttawi.    Qrllr.  It  rast  KftAjrrT  ^r3f«. 
A«Clin«t«nl  traii«lMl«a  of  tlM  VlffKi  <]«mBft  Btlltaa  1^  C*UJiiii,Eft  Gti^nrnr  eiiAJ»- 
iiocK,  M.rj.,  Froi^tfiQr  of  Kenrtmt  imd  Mntl&l  Dthotjm  In  Mufo»«law  CritefQe  «€  j 
Medicine,  m.  Loote*  Ma.,  ptc     fUfyii  Otam^f*.    AttimtWI^pa^m^   iM  PKKTAKATiesi. 

UEBIO  and  ROHE-Etectricity  in  Medicine  and  Surgeiy. 

Uf  U,  A*  IdJC9l<#«  Jr ,  nLH.,  AMirtiH  te  tti^rlciif,  Jatotm  HopkiM  UrIp  i 
v«nllf,«t«.;  ami  Ottoaoie  £L  Boirft.  MJk^Tttfiimat mi  Olmtmr^m  snd  1If0«Nv 
CoUnD-  «tf  Flifiigtani  and  fl43nEi!«ia,  ftdlteore.    PrvfiM^lw  Illttstrm&nl  bj  Wattl- 

ilANTON— A  Syflabtift  <rf  Lectures  cm  Human  Bmbryolofy. 

All  IfiftrodiieiJ)'*!!  to  tht  Ktadt^  of  0)wtetii«^  mutl  OfvmfOBiijigjf^  vitfa  n  Qiiwatry 
of  I^lir7ntri0«>l  T»nii«,    By  Wai^tiOi  Foftrmx  MAjrrCI»«  M.D^  Ii»taf6r  en  Ob- 

of  tl»e  Hriti-h  ZrK»U>t:ncal  Sv>riety,  etc.  Interleaved  for  taking  notes,  and  thoroughly 
Illurtrate'l  \>y  outline  r>rawinf^s  and  Photo-Engravings.  12ino.  About  125  printed 
I»agfs.  l>e^i«U'«*  the  blank  leaves  for  notes.    Extra  Cloth. 

Prire.  in  United  Htate**  and  Canada,  91.25,  net ;  Great  Britain,  6».  6d. ; 
France.  1  fr.  75. 

MA55EY— Electricity  in  the  Diseases  of  Women. 

With  SjM  «  iai  f  Jrference  to  the  Application  of  Strong  Currents.  By  G.  Bktto^ 
Masskv.  M.r>..  I-it>'  Electro-Therapeutist  t^>  the  Philadelphia  Orthopaedic  Hospital 
and  Infimjary  for  Nervou*  Disease**,  etc.  Second  Edition.  Revised  and  Enlarged, 
With  New  and  Original  Wo<^Ml-Engravings.     Extra  Cloth.    240  pages.     12nio. 

Price,  in  T'nitcd  States  and  Canada,  91.50*  net;  Great  Britain,  Sb,  6d.; 
F'rance.  9  fr.  35. 

Hedical  Bulletin  Visiting  List,  or  Physicians*  Call  Record. 

.\i  ranged  u|M.n  an  Orjginal  and  Convenient  Monthly  and  Weekly  Plan  for  the 
Daily  Ptecorflin*:  of  Professional  Visits.      Handsomely  br»und  in  f\ne  strong  leather, 
with  flap,  including  a  Po«ket  for  loose  Memoranda,  etc.     Furnished  vrith  a  Dixon 
lead-pencil  of  excellent  quality  and  finish.    Compact  and  convenient  for  carrying  in 
the  lyKket.      Size.  4  x  6J^  in<  hes.    In  three  styles.    Sendfcr  detcriptive  circular. 
No.  1.  For  70  patients  daily  each  month  for  one  year.  91.35,  net. 
No.  2.  F'or  Kt't  patients  daily  each  month  for  one  year.  91.50,  net. 
No.  .'i.  In  vshi*  h  "The  blanks  for  Record. ng  Visits  in"  arc  in  six  (6)   removable 
se<  tions.  91.75,  net.    Special  Edition  for  (ireat  Britain  only,  4ft.  6d. 
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niCHENER-Hand-Bookof  Edampsia. 

Or,  Nott'A  lunl  VsiSitE  of  Puerf*®'^*  t'oinriilslnn>i.  By  E>  MiOHKirmil,  M.II1; 
J.  H.  HTlTBBa,  M.D,  ;  R,  B.  Ewiso,  M.D.  ;  H.  Thouvsun,  M.D.j  a  BraSBSKOi 
M,D.    Ifiriia    t'lolb.    Prtce»  6©  cent*,  nel. 

nONTOOMERY— Praaical  Oynfiecology. 

By  K.  K.  MosmnstEUV,  A.M  .  M.LK  Professor  of  Clitiir»l  Qyn»co1o|Ey  In  Ibe 
JefTcrsMui  Metlic.^  Cojlepe,  I'liilujiloliiLiiii^  etc,,  etc.  In  oue  RoyaJ  Octavo  volume. 
ThomuRlily  Illiistrated.    In  Preparation. 

♦MOORE—rieteorology. 

By  J.  W.  Moore,  RA,.,  MATh,.  lTtiivi*r»it>'  of  Dublin  j  Fellnw  aiitl  Rcj^istmr  of 
the  Royni  C*»llegci  of  I'liysiclam*  of  fiolaniU  cto.  Parti.  Plii,Hir:il  rio|Hniieft  of  the 
Atniosuhtire.  Part  LF.  A  Coiiinlet*  Hi?itory  of  thi»  United  Htatt'S  Weatlier  Burets 
frojii  its  Bepinnliiit  to  the  Presnertt  Day,  sspecially  *  onlribiitt-<l  l>y  PinL  W.  M. 
HARtilxOTuN,  thief  of  the  Weather  Bureitu  iii  WAsiiUiBton,  VA\,  giving  vklmt  a  full 
lL*t  *if  all  i\w  fiU\iinn*i  lunrlGr  tbe  liiittiedisittf  control  of  the  Uiiite^i  States  Onverfiinrnl. 
Part  11  J.  Wi*ather  aiul  i'limate.  Pa^rt  IV.  The  liifltien*  0  tjf  Weather  and  Sra.*ou  on 
Diserise,  Profusely  Ulustraieil  thronghoat,  Oma  voUiuie.  Crown  Oetavo.  Over  KW 
paues.    Cloth, 

Price,  i^ost-piUd,  In  United  Stjitea  and  Canaila,  VS.OOi  net  \  Or«at  Britain, 
Hm*  ;  France,  9  tr*  SO. 

*MYQIND— Deaf^Mutism, 

iJy  HuLCiKK  MviJlNi*,  M.I  J.,  of  Copenhngen.     The  ottly  authorized  P^ni^lisb 

Edition,    EdltcHl  by  R.  Noicitm  %Yolfendkn,  M.Drftntih.of  fiOUfJoii.   Compmin(f 

lutroduetitiii.  Etiology  ftTHid  Pathi^firene^f^.  Morbid  A!iJit«imy,8yiniilom*<  and  Seqiielie, 

Diagnosif*,  Prognosis,  and  Treattnent»    Crown  Octavo.    Alnuit  :}00  pivge*'    Cloth. 

Pi  ico,  post-pahl,   in  United  Stmtos  and  Canada,  St;. 00.  nei ;  Great 

Britain,  8». ;  France,  0  fr.  50. 

NISSEN— A   Manual   of    Instruction   for    Oivins    Swedish 
riovenient  and  Massa£:e  Treatment. 

By  Prof.  Hautvio  NrssKN.  late  Instructor  in  Physical  Culture  and  Gym- 
nasties  at  the  Johns  Hopkins  University,  Baltimore,  Md.,  etc  With  29  tJrif^lnal 
WiKMi  Enf^ravin^.    ISiiio.    13Bpap;eA.    Cloth. 

Price,  in  United  States  and  Canada,  SI. 00,  net  \  Great  Britain,  0».i 
Franco,  6  fr.  20. 


Time^    and     Lal>or--    Saving; 


Physicians*     All -^Requisite 
Account^  Book. 

Kcinjj  a  l^dptr  m\d  Apconnt-B<W)k  fi3r  Physlolang'  Uie.  meetlnf:  sdl  Uie  R«* 
qnirementa  of  the  Law  and  Conrt*.  Dejvifrned  hy  Wiluam  A.  Skibkht.  M.D.,  of 
Ea^Hton,  Pa.  There  is  no  exaggeration  in  stating  tlsat  [hm  Account- B<><>k  and  Lodf^er 
reduces  the  la1»or  of  keeping:  phj^icianti'  acconnts  niore  than  onehidf,  and  .'♦t  the 
ft.%ine  time  ;«t'cure4i  the  ^(  eat  est  deirroe  of  aecnracy. 

Prices :  No.  1,  30f>  papes  for  Wli  Accounta  per  Year,  Bit**  10  x  12,  Iw^nnd 
in  ^i'Rna-ila,  Raided  Back-Band*,  ("lotli  8ide§,  in  United  8tat<««  and 
Canada,  1(5.00.  ut't ;  Great  Britain,  88», ;  France.  :tO  fr,  30. 
No,  %  (WO  pagee  for  IWO  AccouuU  per  Year,  aljte  10  x  12,  honnd  in 
^'RQHfFia,  RaiHcd  Baek-B;indH.  Cloth  Sidea,  in  United  States  and 
Canada.  WS-OO  j  Great  Britain,  4 S»i, ;  FVanie.  4»  f r,  <0. 

Bend  for  dei^crlptive  circular  «howinfr  the  plan  of  the  book. 

(7) 


of 


.\^«'%^/'   a.:.    - 

iLf  t*^.  pr.r. 
IT,  *•, 
fa 
f  • 

y 


.."   A  rfi*- rear.    Me^l-^   .V«r-^A*     n,   of   rh'*   A  .>-r.' an   Pa";  I;c   Hr, 

I.  « lo'h.    Il'i^tr^:*^  w".th  t»o  fin*:  f   I.  i-ace  W.^>1  En^rarir^*,  ^io^ 
'nfril  rrx>4^-»  of  ^/ir*^  nrar -lOCi  in  an-   f:  jI  tiiiies. 

I  ^'r.r^  ^iAt>—  x/id  Car.AdA.  •l.'^5,  iv^t  :  <^;r*^t  Britain.  6*.  6d.; 
•j'e.  7  fr.  75.    A  P-^'i'til^r  E/l:tK'n     nra^r  ♦Ige'i !.  Li*»and  iri  Paprr 


a    -.  3  fr.  60. 


•  fie"!.      Pr.c<.  SO  e«nU,  ne: :    Grea:   Bntain,   3*.; 


REnO.NDI.NO— The  nediterranean  Shores  of  America. 

y<r,  rh*-:T:  •  i.-f-rTi:*  ;  iL§  <  l.matic.  Pljy»ir-.4.1.  in-i  M*rU-oroi<.crieil  «  o  diti-'ti*. 
P.v  P  C.  REWor^DIXO.  Nf  D.  fU^val  rKtavo.  IT5  page*.  Witb  45  ar.jr-.vr  t-- Hlu- 
tra::o-  -  xi.<\  2  fin<-I>  <^x^cnt*<l  Maps  of  iLe  rf^on.§b'»wiiig  aititudej'.  r-ceaD  turiei.t.*. 
irir.     R  lini  i:.  Extra  '  .oth. 

I'r.f.  ir.  L'r.r^I  >t.*:*-*  and  Tana/! x  •1.^5,  net ;  Great  Britain.  6«,  6d. ; 
P'  an^^.  7  fr.  75.  <.*h^aper  e«iit;oji  runaWruIgedi.  br.iind  in  Pa^er.  in 
Tri-..^;  states  ai.d  Tanada.  75  et«-,  net  ;  Great  Britain.  4%. :  Fran«:.^  5  fr. 

♦ROBINSON  and  CRIBB- 
to  Food. 

A  Man:«l  f  r  th-  T**^  of  t.*>  *on-  [•: 
of  the  l^'  A  r*'aT  if  -o  t  ,»-  .Adiil^^raTioi  an 
Mansfield  IU>bi>'SO.v.  LI.I>    fly  n  ' 


-The  Law  and  Chemistry  Relatinj^ 


<^-.in>   jnter^-^t^^d    n  the    \dnii»u<triTinn 

n*-.tinrl   e*<  f'f  F'Kwl  .-lud  hiups.    B\  H. 

'r  :or  a: id  <  lei  k  to   the  ShoredirtU 
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Medicai  PMiatthfis  of  Th9  K  M.  Boris  Co,,  Fhitadwlphta, 


Sanitary  Adtnorlty;  t«aw  Kxftiulne>r  for  the  British  In»ytiitc  of  Public  HeoJtU, 
etc.;  a;id  Cecil  H.  Cribb,  IIHc.  (Iximlrtii),  F.I.l'.,  F,CB.,  PubUt;  Analyst  to  tliii 
Btroud  District,  etc.    Crown  OctttVd.    About  'S.>\  pugfH. 

Prk-r,  in  UuiteU  iSUtcs  and  Caiiaila,  •'^.00,  net ;  Great  Britain,  8a.; 
France,  »  ft*.  fiO, 


ROHE--Text-Book  ©f  Hygiene. 


A  t'otuitrt'heiisive  Trt  aibi-  ^mi  tlie  Print  iplcft  and  Practici*  of  Prevunlive  Medi- 
rhiL'  ffruui  ail  AiiierUmii  Staua-imiiit.  By  QeohijeH.  Eoufe,  M,D.,  l*rofc«a«r  of  Ob- 
stotiics  »iidHjjci"*J»o  '"  ibe  Colle^t^  «if  Pl]y«icki.[iH  and  8ui  goons,  Biikttiinoro  ;  Member 
i>f  the  American  Puhlic  MeaJtb  Anrtoclation,  etc.  Tkijid  EDfTiON,  carefully 
revised  Aiid  eulat^cd,  with  tnaiiy  B  lust  rations  and  valuable  TahlcH.  Royal  Ootavo.. 
Orer  450  pages*    Extra  Cloth. 

PrJCf?,  In  United  8tatoj«  and  Canada,  S^t.l^O.  net ;  Great  Britain,  ITt*  64. ; 
Fiancf ,  IH  fr.  tiO, 

ROHE— A  Practical  Jlanual  of  Diseases  of  the  Skin. 

By  (iEOH(iK  IL  UuHK,  Mil  .  a5*iiitod  by  J.  Williams  L<nii>.  A.B,«  M.D.,  Lect- 
urer oil  Dt*rniatology  and  ll;utiU^inj;  in  the  I'ollejfo  of  PhysiehLiM  jtiid  8ur|ceo&a, 
ISaliknorc,  eta    12ma    Over  JJ<«)  iniges.    Hxtra  Cloih. 

Price,  ID  United  Statefl  and  Canada,  91*»ft,  net;  Great  Britain,  6a. M«; 
France,  %  Cr#  Tfi. 

SAJOUS — Hay  Fever  and  its  Successful  Treatiiient» 

lU  srrEUFiriAL  tiniiANic  Altekation  nv  Title  Nasal  Mrcous  Mk^iC* 
BkANK.      ByCiiAULKS  K.  HAJors,  MJX,  Chu-f  Editor  "Annnal  ivf  the  Universal 
Alertieal  S*  ienres"  ;  formerly  Lecturer  on  Uhin^ilnj^y  find  Ijaiyiixoli^Ry  in  the  Jeffer- 
son M  edit  ;d  College.  cUj.    With  la  Engravings  on  Wood,    12rao,     Est tra  Cloth. 
Price,  lu  United  States  and  Canada,  IH.CW,  net;  <tr«'at  BnLafn,  6». i 
Frjun^e,  6  fr,  30. 

♦SCHUSTER— When  is  flarriage  Permissible  after  Syphilis? 

By  1>H.  HoiirsTEu,  of  Aix  la*  bapelle.  Tran^LitiMi  from  tlio  tJenixan  by  C. 
Rkn'NKu,  M.U.,  !/4nuli>n,    hvo.    iTi  page?*.    Price,  aS  eenta  net,  or  1  flhlliln^. 

SENN— Principles  of  Surgery, 

By  N.  Hk>n,  M.II,,  1HlD.»  Piofcanor  of  Princii>leB  of  Rnrgery  and  Burjcieal 
Patholfjgy   ill   llu^b   Medical   College,  Chlrn^n,   III. ;    rrivfe«*rn-  of   RurfftJry   In  the 
Chicago  Polyclinic,  etc.    Royal  Ortavo.    With  H79  fine  Wotid- Engraving.   fl24  pag««* 
Price,  in  United  States  at^d  (  artada.  Cloth,  •4.A0,  net;  Sheei»  or  Half- 
EaBsia,  •A.iiO*  net.    Oreut  Britaiti,  Cloth,  24 n.  6d,  ;  HWvy  or  Ilalf- 
Ruaala,    liO».      France,     Ch>th,    «I   fr.  «Cl  ;  Sheep  or    MalfHussia^ 
33    fr.    lO. 

SENN— Tuberculosis  of  the  Bones  and  Joints. 

Hy  N.  Skn.%,  M.D.,  Pli.P.,  anthor  of  a  tcxt-lMtok  on  tite  "  Pi  in*  ijilea  of  Sar- 
gory,"  ©tc.  Rfiyal  Octiivo.  Over  fiOU  jmgea.  IllUfc^tratcd  with  IW  Cngraviuga,  maay 
of  thorn  colored. 

Price,  in  Unitf^l  Htatrs  and  Citiiiwia,  Extra  Cloth,  S4  0«l,  net  ;  Rhe^^p  or 
Hrtlf-Hmsia.  m&AyH,  net.  ffrcot  Brit^dn,  t^lnth,  a'4ft.  tU%.i  Sheep  fir 
HalMtuKHia,  «««.  Fniiice,  tlolli,  24  Ir.  ilO  ;  sheep  or  Hidf-RUBsK 
30  fr*  SO* 

m 


«^.«l.  «^     fiti^mt  Bfftc^i^  IU9>  OM^.  !««.£  ^k«v^  lAk    Fr^^ 

.-  .  ^     -     r  •*  ^ -.-^-    f-ni   'h:*^  y»-j<7.t.*  of  T^*-*.— »-,z,   '.iv?   Pr»-pEiril;  ts.  'W 


Frorxre, 


Kx-  • .         -.1    rs  fr.  44>  :  i.i*^r..  2»  fr.  60. 


51ITH— Physioio^  of  the  Domestic  Animals. 

h    :- •     -    ^^ZA2z   "wr-H.  AM..  MI*,  f  rrc^rlj  F*r  f  »-*^- r   of   '.V»«npKknM;T<f  F'bjs- 

It  1*.  .-  ''-  :^'i  ^-i:.^  vr.d  ♦  ar-i/ii^  Ci'<h.  SL>.iM>,  Diet :  Sb-^p.  •C^M.  n^^t. 
•,:*^i-.  £.-  --i  -  •-.  -.h.  2«^;  ??l>^p-  3«*.  Frwv«.  Cloth,  30  fr.  30: 
i.    ,^      3«  fr.  to. 

S0ZiN5KEY— .ledical  Symbolism. 

H  -----.'-1,:  -:-::--    -.  ;h-  Ar"*    f  H-nil  r.^  ir^i  Hjtv-ii.^-    By  Thomas  S.S<.zt.xs- 
KE  1 .  M.D..  P^L' .  A  A-.h'>T  of  •  TVr  «.>;:;nr*-    f  S-^ctr."  -The  Care  and  Culiure  of 

no, 


I 


Medkaf  PM/caiions  of  The  E  4.  8a¥f9  Co,,  Phi  fade  tphm. 


Children/'  etc.    12mo.    Keni-ty  300  pagei^    Extra  t.Muih.     Appifiprlately  UlUEftrated 
with  clilrty  {"30]  new  Wooil-Eiigraviiigs. 

1'Ht.e,  ill  Uuit«d  Htates  and  Canada,  Vl.OO,  ni3t ;   Great  Britain,  6*.; 
Franco,  6  fr.  ao. 

STEWART— Obstetric  Synopsis. 

A  C*»mploUii  CtJinpfiitL  By  Jo  UN  s,  STEWART*  M.LJ.»  late  Demaustrat^ir  of 
Olwtetric.'ii  ill  the  Mi*clicor"birurgiciU  ColhiBji*  <tf  Philailclpliia;  with  an  liitrLKluotuiy 
note  hy  Wilji^iAM  S.  8tkwaht,  A.M.,  M.D.,  Emcrlliia  rrofessui  wf  uWt«lrif»  anil 
Gynaicnlogy  in  tbe  MetlicoChinirgieal  Ci>lk-gu  of  PUilaiJeltihla.  4'2  llJualiiLUoiifi. 
aoa  pages.    12ino.    Extra  Blue  Cloth. 

Price,  in  ITnited  Htatea  and  Canada,  •1*00,  not;  UtvaI  Britain,  0«. 
Fraiue.  «  rr,  13 o, 

5TRAUB — Symptom  Register  and  Case  Record. 

L^eai^iit'tl  by  I>.  W.  Hthauu,  MAX  Ulviiig  in  plain  vu»w',  *m  one  side  of  the 
sheet  7^  X  lUj^  inch eH^  the  Ctiiiicai  Record  of  the  alck,  inclndlni;  Dale,  Name,  Rosi^ 
dence^  Occupatinn,  Hymptoinsi,  Injun-ctioii  f  Au8cultiitit>M  and  IVn-uirBion),  HlBtory, 
Respiration,  PuIjio,  TeiuiMfmtnre,  Dlag;uoiii»,  PrtifgooAift,  Treatment  (:<»pecla1  and 
funeral),  and  Reinarkn,  all  convenieiitly  arranged,  and  with  ample  room  for  record- 
ing, ateaeh  Cidl,  for  fi^r  different  cmlli,  each  item  mimiMl  almve^  the  whole  forming 
m elinlcsd  hiat^^ny  of  Individual  ca»eft  of  ^reat  valne  to  evitry  rrai^aitiuiier. 

Published  in  stiff  Board  Tablel-s,  n(  Mi  shoits  each^  at  50  vi^nU,  net,  per 

tahlet;  and  In  Book-fonn,  flexible  binding,  with  AlpLiabeti(5a!  Margi- 

nal  Index,  at  7ft  c«iit«i  net. 

*THRESH -Water  Supplies. 

By  J.  C.  'lURKsii^  O.Rc.I^nd.,  M.B..  F.I.C.,  F.CS.,  I>»HJtnrer  in  Sanitary 
Science,  King's  College,  lyindnn,  etc.  City  Ainhoritit]'i*,  Tnwii  Connoils^  Ia-vj 
Courts,  County  Councils^  Fcinm^rs,  Owners  of  VilLi«  or  Private  Resideiicoa  in  the 
Conntry,  Setth-rs  in  newly-cjpened  Districtxi,  ColonisU,  ric..  will  find  tlij«  little  book 
of  extrcnie  value,  as  it  contaim  prai^tical  hints  with  excellent  illn§tnit[«iii*  by  tlie 
acore.    Illi*«trated.    One  Volume.    Crown  Octavo.     Alnnit  3(J0  p,ipoH.    Cloth. 

Price,  hi  the  United  Htates  and  Canada,  •a.«>0,  net ;  fircat  Britain,  »», : 
Frnncc,  9  fr.  SO. 

^Transactions  of  the  fleetings  of  the  British  Laryngolo^ical 
Association. 

Volume  1.  IKyi.    Royal  8vo.    P)8  pages.   Cloth.    Price,  2».  «d.  (15  eeiit*»  net). 
Volume  II,  1S92.    Royal  Hvo.    100  pa^e*.    Cloth.     Price,  «m,  6d.  <!*•*  eettUtnet). 
VoLTiMB  in,  Itm.    R*>yal  8to.    106  pages.    Price,  »•*  6d,  (7r»  cent«,  net). 
The  three  volumes  together,  «■.  fS^.OO,  net). 

ULTZriANN—The  Neuroses  of  the  Oenito-Urinary  System 
in  the  Hale. 

With  Sterility  ami  Impotence.  By  Dr.  Ultzmann,  Professor  of  Oenito- 
Urinary  Diseases  in  the  University  of  Vienna.  Translated,  with  the  aulbor'i»  per- 
mission, by  (Urdnrr  W.  Allen.  M.D..  J^urgoon  tn  the  Genito-CJrhaary  Depart- 
lii«jit,  Uofltun  Dispensary,     Illustrated,     12ino.    Extra  Cloth. 

Price,  In  United  8tat«N  and  Canada.  S1.0O»  net;  Great  Britain,  6s. | 
France,  fi  fr.  «0. 
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VOUOHT— Chapter  on  Cholera  lor  Lay  Readers. 

Histoty,  Syinptony*,  Prevenikm.  and  Trenlmeiit  ol  itie  Dwh:^!*©.  By  Wa_ltkb 
VouoifT,  Pii,B^  M.D.,  late  Medioul  Director  and  Pbysiciau-lii'Clinigi*  of  the  Hie 
Ifilatid  QtianmUuc  Hiiitii*!!:,  Furt  ui  Kow  Yorki  Fellow  of  the  N«w  York  Academj  ol 
Mediulue,  etc.    IlltiBtrated.    12tno.    10»  pftge*.    FlexiWe  Clotb. 

Price,  in  tTuited  states  :uid  CaBada,  T»  cent*,  net ;  Great  Britain,  <1«. ; 
France,  iS  fr. 

WITHERSTINE—lnternational  Pocket  Medical  Formulary. 

Ai ranged  Tlierai»ciitiea]ly.  By  C,  Humneu  \ViTiiKiiSTJ?«E,  A.M..  M.D.,  Vto- 
itlng  Pbjfiicii&iii  of  the  Home  for  tho  A^ed,  German  tow  n^  Phil»deliiliia;  iate  11na«« 
Syfgeon  t«  Charity  Hcwpltal,  New  York,  etc,  Tnctudiiig  more  than  1^(10  fonutilK 
from  Heveml  Iniiidred  weM-knuwn  authorities.  Wiih  an  Avpcndix  conlAinlnj;  m  Po- 
sol<:»^iral  Tahle,  the  newer  remedies  included  ;  Formtila*  and  Do^fis  of  Hypoclertti;itlc 
Medlcatiuu,  iitclutlin^  tlic  newer  remedieit ;  Uses  of  the  Hypodermatic  Syringe,  etc, 
275  printed  p;v«ej*,  besides  extra  blank  leaves  for  new  formal®.  Elegantly  printed, 
with  red  llncM.  edges,  luid  borders.  JllUfitnited.  Bound  in  leather,  witli  Hide- Flap* 
Price,  in  United  States  and  Canada,  flt.OO,  net;  Great  Brit^dn,  ll».  6d- ; 
France,  12  fr.40. 

YOUNQ — Synopsis  of  Human  Anatomy. 

Lteing  a  C'omplete  Ctinipmid  nf  A  natoin)-,.  inelnding  the  Anat^iiny  of  \h%  V^ian0til« 
and  NunierausTahles.  By  James  K.  Youn<j,  M,D.,  Instructor  In  Urttifvp^rdic  8uT^ 
gery  and  A?«Alstant  Demonstrator  of  Syrg:cry,  ITniverslty  of  Pcnn^iylvftnia,  otc» 
llluBtrated  with  7fl  Woml-Enf^ravinga.    320  page.*.    12mo.    Kxlra  Cloth. 

Price,  hi  United  Btated  and  Cuuida,  91.40,  net ;  Great  Brltuiti.  Ss.  Od.; 
Fraitod,  9  it,  Sfi. 


The  following  Publications  are  Sold  Only  by  Subscription, 

or  Sent  Direct  on  Receipt  of  Price,  Shipping 

Expenses  Prepaid. 

Annual  of  the  Universal  Medical  Sciences* 

A  Yearly  Report  of  the  Prnj^rfw  of  the  Oeneral  Sanitary  Sciences  Throughout 
the  World.  Kdited  hy  i:HARLES  R  HAJors,  M.D.,  formerly  Lecturer  on  l^ryn- 
golosfy  ami  Rhiiiology  in  Jefferson  Medical  <Vjllefrt',  Philadelphia,  etc.,  and  ^«vi>nt|r 
Associate  Btlitors,  nsHlstwl  hy  over  Two  Hundred  Correspnnding  l':<litors  ruid  I'ol- 
lalmrators.  In  Five  Roysd  OcUvo  X'nlumes  of  aljout  600  pages  <Kirh.  Jlluftiat<^d 
with  rhromri-LUhoKraphs,  Engravings.  Mnps.  <  'harts,  anil  Diaffra^iw.  Beiuir  InU'rided 
to  enable  any  physician  to  poft^ess,  at  a  incfderate  eoat,  ft  complete  CooUsnipora^ry 
History  of  Universal  Medicine. 

Snbflcriptirm  Price  per  year  (includinf;  the  "Universal  Medical  Journal  *' 
for  on*  yearh  in  United  States,  Clotli,  5  rolfi^  IV»y>d  OcUvo,  S15.00; 
Hftlf-Unswia.  »^0.00,     Tanada  (duty  paid),   Hoth.  •lO.uOj  Half* 
Russia,  921,00.    cheat  Britain,  rioth,  «4  t».;  HalfRnsHifl,  «5  1»«- 
Fraijce.  Cloth,  93  fr.  OS;  Half-Rti&sia,  124  Fr.  35. 
The  "Unirersa!  Medical   Journal"  is  n  Monthly  Review   of   llie  practitr*] 
branches  of  Medicine  and  Biirgerj*  and  la  supplied  free  to  the  sulwcriber*  to  th« 
*•  Annual  '^ ;  to  non-subftcrib«rs,  PS-OO  per  vear. 
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ADAMS^History  of  the  Life  of  D.  Hayes  Agnew,  n^D.,  LL.D. 

By  J.  HowJE  Ai>AMti.  M.D.  A  foscltuitiag  Itfe-histury  of  uno  ot  the  Wi»rld  « 
grcatefit  Huri^eonA.  Royal  Oulavo.  376  pa<gee.  Haridi:$omcly  ptintcd^  with  Parti  aiu 
and  otlipr  II lust  rations. 

Pride,  in  lifiiteci  Wlates  and  t'anadu,  Extra  Clutli,  «2./iO.  net.:  Half- 
Morocco.  Gilt,  Top,  »3.5Q,  net.  Grfat  Britain^  Cloth,  14*.;  Half- 
Moroci'o,  ism.  ed.    France,  Cloth,  l&tr.;  HiUf-Morwcji,  »»  ft-, 

KRAFFT-EBINO^Psychopathia  Sexualis. 

With  E^pcoial  Rofeience  to  Uuntra.ry  Hexual  Jiisitiimt:  A  Medina  I  j^'gal  8tmly 
of  Sexual  Insanity.  By  Dr.  R.  Von  Khafft-Ekino,  Frofoj^Hor  of  pHyrbiatry  ami 
Neuroloj^y,  Univerelty  of  Vienna.  Autb<iriz<rd  Traimlaiiitn  of  the  .Seventh  Kiilarj:;ed 
and  Revbed  lJerm;ui  Edition,  by  riiARr.iEa  (Jilbejit  I'raddock,  M,1>,,  Pr€»fe»«iOT 
of  Nciviuisand  xMenlal  Disi^aaes,  Marion-Sirart  College  of  Medicine,  fcil.  Louis.  One 
Rrfiyid  Octavo  Volume.    -132  pages. 

Priei^,  in  the  United  Blatea  Jincl  Canaila,  Cloth,  93.00,  net;  Bhf»pp,  94v00> 
net.  fJre:it  Britain,  Cloth,  ll(^.  Od. ;  Hht?ep,  »»»*  <Jd.  France,  Cloth, 
IS  fr.  00  ;  Sheep,  24  fr,  OO. 

RANNEY— Lectyres  on  Nervous  Diseases* 

Fr<»uj  the  Stand  Taint  of  Cerebral  and  Spinal  Lnralization,  and  tbe  Later 
Alelhods  Employed  in  the  Drnj^nosin  and  Treatment  of  these  Affections.  By  Am- 
BROBE  L.  Rannev,  .\.M,,  M.D.,  fonuerly  Professor  of  thu  Anatomy  ami  Physiolngy 
of  the  Nervous  System  in  the  New  York  Pnst-Gradluate  Medical  Hclni>ol  and  Hn»- 
pital,  etc,  t  Author  of  *''Tb©  Applied  Anatomy  of  the  Nervous  System."  *' Practical 
Medical  Anatomy,'^  etc.  Profusely  Illustrated  with  <  Original  Diagrams  aiui  Kketchea 
In  Color  by  the  author,  can»f  nlly  ftelect«Hl  WMod-Enuravitif^i*,  iind  Reproduced  Photic- 
graphs  of  Typiial  Castas.    Royvil  Otrtavo.    TW  pa^cft- 

Price,  In  United  States  and  Canada.  CWth.  •ri.SO  :  Sheep,  SO.flO;  Half- 
Rix»5iJa,  117. OO,  Groat  Britain.  Cloth,  32»» ;  Sheep,  »lB»ed.;  Ilalf^ 
RuftHia,  40».  Franc^  Cloth,  34  fj*.  70 ;  8heep.  40  fr.  45  ;  Half- 
Rufrsia,  43  fr.  30. 

SAJ0U5 — Lectures  on  the  Diseases  of  the  Nose  and  Throat- 
Dei  ivered  at  the  .leffenmn  Medical  College,  Philadelphia.  By  Chari.ES  E, 
Hajous,  M.l>.,  forinerly  Jjccturer  <in  Rbinotoi;y  and  Jjiryngolojfy  in  Jefferson  Mf  di- 
eal  College;  Vtce-PTCi*fdent  of  the  Araeriean  I^rynp;Mlog;ical  AitRtM-Lition,  etc.  Blu-* 
trated  with  100  Chromo-lJthogrHph^^.  from  Oil-Paintinifs  by  the  siuthor.  and  U^ 
Engpravin^  on  Wood.    One  hiwdj!iif>niie    Royal  (H'tavo  volume. 

PHfie,  in  United  States  and  Canada,  CI  nth,  »4.00  i  Half-Roesia.  mr>*O0. 
Great  Britain,  Cloth,  aa«.  Od.  j  Sheep  or  Hftlf^Ruswla,  ««».  France, 
Cloth,  24  fr.  00  J  Half  Rnsftia,  30  fr.  30. 

SCHRENCK-NOTZ I  NO —Suggestive  Therapeutics    in    Psy 
chopathia  Sexuatis. 

By  IiR.  A.  VON  SciiitENCK  NoTKr?fO»  of  Monicli.  Authr»rixcd  Trannlation  of 
J  llie  La3t  Irlnlarged  and  RcvUrd  (verinnn  ErJltion,  liy  <  'liABMts  Gilbert  CliAr*DuCK, 
M.D.,  Professor  of  Nervous  and  Mental  Diseases,  Marion-Sims  College  of  Medicine, 
Bt.  Louis,  etc.  An  invaluable  supplement^iry  volofiie  to  Dr.  IL  VON  Kbafft- 
EBtNO's  tna«ter1y  treatine  on  "  Psycboiiathla  Sexualis"  (also  tninnlated  by  Dr, 
Chaddock).  a  kind  of  hand-l>cK>k  of  the  troatmeiit  of  Sexu&l  Patbfdopy  u|»oiiy 
■ouod  and  effective  principles.    Royal  Octara,    About  850  pages.    Nkarly  ReaoI 

(18) 


MBdicaf  Publications  af  The  F.  4.  0am  Cdu  Phifadeiphia. 


STANTON — Practical  and  Scientific  Physios^nomy. 

Of,  How  to  Hirad  Fai^en.  By  Mauy  Ouu»r%n  StantoJ*.  ^  t!<»pian»lj  Illti*- 
initcd.  Two  Inrge  Royal  Octavo  voluuio^.  \22Fi  pagv^.  To  jitiyeidAm*  lt»e  din^ciaUc 
in  formation  conveyed  in  the?**?  votumrs  i»  invaluabYo  To  the  general  rcA(|i>r 
ea<'.))  pi;ige  upeii«  a  new  train  ot  iileiia.  (Tlii^  liook  liaa  uu  n^fi-'r^'uce  wUalever  tr> 
Phrenology,) 

Price,  in  Ufiited  States  and  Canada,  Hoth,  90.00;  Hhecp.  H  11.00  ;  Half. 
Rutu^iii,  SI  :S.OQ.  <i  real  iiritain,  i  loth,  JS6*. ;  Sh*;!'!^  0S«. ;  Hul  t-KniNil^ 
8U»,    Frj^iicc ,  Clot  h,  30  fr,  30  ;  Hhet-p,  36  fr.  40  ;  Hal  f  Kus»l;i,  4^  fr.  30, 

"* Journal  of  Laryngoloj^y,  Rhinologfy,  and  Otalogy, 

A%\  Analytira^l  Record  of  Utirreiit  Litcratine  Ilclntinp  to  the  Throaty  Nom,  a 
Ear*    l&sut^il  oil  the  First  of  Each  Montli.    Fklited  by  Dit.  NoRtiiB  WoLrKNOW. 
l«(»DdoUf  ;md  Dh,  JuHN  MacINTyiie,  of  GVa.s>;ow.  wilb  the  antivfi  aJd  ^iiil  «o-ufi«f»- 
tion  of  Drt«.  Duudazi  Urant,  Barclay  J.  lianm^  and  lltititer  Miiok«mzJi»t 

Frlcn;,  13s«  or  •3,00  per  annum  (inrhusive  of  ifostAge).  For  s^inirlc  cMSpfea, 
however,  a  charge  of  1».  3cl.  (30  ccntii)  will  he  tnadv.  Bampk'  tVipjr, 
%5  eeutN. 

The  Medical  Bulletin. 

A  Monthly  Jntinuvl  of  Mcdlritie  and  Surgery,  Kdlted  by  JoHW  V  SnoEJiAKKik 
A.M.,  M.D.  Articles  by  the  best  pnietlcul  writer*  procurable,  Kvcry  nnlclo  as 
brief  as  Is  rooHinteiit  with  tbe  pre»enmtion  of  its  ^cicntiflt;  Taliuv  TlnTaj»eutio  oot4« 
by  the  leader«  of  the  medical  profession  throughout  the  world.  Thme  and  inanf 
othOT  unique  featurer,  help  t»>  keep  The  M  kdical  Hitj.b*rrix  in  its  pioMrnt  rMi»ltion 
astheleaditi??  Medical  Mo?jthly  of  the  world.    Hubscribe  now. 

Term**,  ■H.OO  a  Year  in  advance,  in  United  State*,  ("anada,  aad  M<*xico; 
England  and  Australia,  5  slillltusft ;  France,  0  Irwac* ;  Japui,  1  yen ; 
Germany,  II  niRrkA;  HolUnd,  9  florins. 

The  Universal  Medical  Journal. 

A  >!mithly  Magazine  of  the  Vxo^vv»&  of  Every  Branch  of  M^tctn«  in  all 
Pftit«of  the  World,  Kditi'd  by  Chari-iss  F,  Bajoits,  M.D.,  Kdltui-iA-Clilef  of  the 
**Auntial  of  the  l!nlvei3al  Medical  Hrieuces.*' 

Suljscrlptlon  Price,  in  Untt<nl  Stat  en.  ■3.00  per  year;  In  other  oottntftea 
of  the  Ptirital  Union,  8*.  Od,  or  lO  fr,  60. 

Stmt  friMj  to  all  fnibsertbers  to  the  "Annnal  of  tbe  Univcraal  Medical  ^eienrrc'' 

^Medical  Times  and  Hospital  Gazette. 

The  Journ:d  of  ilio  Jtedical  Practitioners'  Association.     Published  W«^kij  i 
11  Adam  Street,  Strand,  f  .ondon,  W.  C. 

Price,  ?d.  J  by  post,  2^d.   Per  annum,  ijort-free,  »«- ;  liiilf-y<*ftrly,  4»»  Od- 
ijuarterly,  S».  Od*    Abroa<l,  IIS*.  Od.  per  aunuui  (•i^»00i. 
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